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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 prevent 
ing patella subluxation. Patella opening allows patella to 
rise, maximizing benefit of lateral buttress

PRO 115*

STABILIZING

SLEEVE

PRO 1OOB 

DELUXE

KNEE 

SLEEVE

INVERTED

PATELLA

BRACE

PRO 1SO-U

UNIVERSAL

PATELLA

SUPPORT

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.

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.

* 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 

catalog and ordering information.
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Swede-0 introduces 
the Inner Lok 8,  
the advanced ankle 
brace with built-in 
figure 8 support

A totally new concept, the exceptional 
strength and support provided by the 
Inner Lok 8 comes from inside. 
Two figure eight straps are actually 
pre-configured through the inside of 
the brace. This allows patients and 
athletes to easily apply the brace 
in the correct position every time.

The Inner Lok 8 contains many other 
exceptional features. The tongue is 
made of Breath-0-Prene  that actually 
wicks moisture away from the skin. 
The junior ballistic nylon construction 
is both lightweight and extremely 
durable. All this adds up to the most 
advanced ankle brace on the market.

BUILT-IN FIGURE 8

ANKLE SUPPORT

For more information call

800-525-9339
www.swedeo.com

inner

INNER
I/

SWEDE-0

V \, ©20WSwe3e-0 PATENT PENDING
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About the only time

f your athletesi
should be using water 

over Gatorade.

Attention Athletic Trainers: If you want your athletes fo beiDetter hydrated, make sure they're drinking Gatorade.

Gatorade is proven to hydrate better than water, because it's scientifically formulated to encourage greater consumption
i

and superior replenishment. So-if you're looking to combat dehydration, think of it as 32 ounces of prevention, ft

www.gssiweb.com



andlou^service to your current 
professional liability coverage.

; Providers Service Oreani:atii

COMPARE our Rates:

Just $175 a year for full-time 
employed Athletic Trainers.
Students pay just $35 per year.
Recent graduates are eligible for a 
50% discount.

COMPARE our Benefits:

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!

COMPARE our Service:
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.

GVA Professional Liability Insurance for Athletic Trainers
^^^^^^m^^^^^mmmmmmmmmmmmmmmmammmmmmmm^^mmm^^mmmmmmmmmmm^m^m^^mmmm^m^m^fmmmmfmm

MAIL TO: HPSO * 159 E. County Line Road   Hatboro, PA 19040-1218
APE-A2CNNX8A

D YESy I want the protection of HPSO Malpractice Insurance up
Name ______________________________ 
Address _______ _______________

City_________________ 
1. I am an Athletic Trainer (MLP-M1)

Employed D Full time ($175 yr.) 
Self-Employed D Full time ($525 yr.)

State Zip

D Part time* ($100yr.) 
D Part time* ($263 yr.)

"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 

2. Date of Birth _/_/_ Social Security # ____ - _ - ___ 
Telephone (_) _________ Fax (_) ________

_ _ . , _,, .. _ . . . (Date should be within 60 
3. Requested Effective Date: ___ / ___ / ___ days from application date.)

to $1,000,000 per occurrence/up to $5,000,000 annual aggregate (09)
4. Are you a member of a professional association? ....... D Yes D No

Name of Association _______________________
5. Have you ever had professional liability insurance which was declineil 

canceled or non-renewed? (Not applicable for MO residents.)........... LTlYes II Nn

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

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 #20326! 003
Bill me D Enclosed is my check (payable to: HPSO) 
Charge my credit card. D VISA D MasterCard DDiscover 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 States. Application is made to American Casualty Company of Reading, PA, a CNA company. Coverages, rates 
and limits may differ 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 unatfilialed or independent not-for-profit entity. Affinity Insurance Services, Inc. is the program administrator for (he insurer underwriting the policy.
This program is underwritten by American Casualty Company of 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 of 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.
Apply on-iine: WWW.hpSO.COm For more information: 1-800-982-9491

A2BB13DA



THE PROVEN LINE OF PRODOCTS 
FOR ANY LINE OF WORK

The comprehensive occupational healthcare line from 
Whitehall-Robins Healthcare

Dristan 
Cold

Quality healthcare products specially packaged for easy dispensing in the workplace
ADVIL®OTC ibuprofen, 200 mg tablets.

ADtfirCOLD & SINUS 200 mg ibuprofen/30mg 
pseudoephedrine HCI coated caplets 
(No Drowsiness).

ANACIN coated, aspirin-based analgesic tablets.

DRISTAN R COLD (No Drowsiness) maximum 
strength, decongestant/analgesic, coated caplets.

ROBITUSSIN COUGH DROPS cough suppressant/ 
demulcent. Controls coughs and protects sore throats. 
Cough Drops from the Cough Experts! Cherry flavored, 
each drop contains pectin and menthol (7.4 mg per drop).

ROBITuSSIN DM cough suppressant and expectorant 
(in an alcohol-free syrup) (No Drowsiness).

To order Whitehall-Robins Healthcare products for your workplace: call 1-888-632-8472, 
contact your local distributor, or see your Whitehall-Robins Regional Industrial/Occupational Healthcare Sales Manager.

WHITEHALL-ROBINS HEALTHCARE
A DIVISION OF AMERICAN HOME PRODUCTS CORPORATION ©2000 WHT-C0423



SPORT PHARMACEUTKALS

HIGH PERFORMANCE 
ATF ANKLE BRACE
200 White (left) 205 (right)
201 Black (left) 206 (right)

SOCCER 
ANKLE BRACE
210 White 
209 Black

AIRCAST® COLD THERAPY 
ANKLE BRACE GEL* BRACE
4561 Left 4556 White 
4566 Right

MUELLERHINGE  
LATERAL KNEE BRACE
with Triple Hinge 
2100

VOLLEYBALL 
KNEE PADS

4534 One pair White

WRAPAROUND 
KNEE BRACE
231 Black

PRO STRIPS

LIME GREEN 
MOUTHGUARDS
With or without strap. 
Also available in clear, 
gold, red, green blue, 
and black.

LITE  
ANKLE BRACE
4554 White 
4552 Black

TALISMAN
SPORT CARE JACKET

ELBOW SLEEVE PADDED CtVE

3 separate pieces

M-WRAP 
TEAM COLORS

SANI
CLOTH®

PLUS
Germicidal 

wipes 
190102

TEARLIGHT TAPE M-TAPE
Lightweight Elastic Adhesive Tape Zinc Oxide Trainers Tape

WHIZZER DISINFECTANT 
GALLONS w/2 free sprayers 230201



*> MEDICAL QUALITY ** VALUE

COOLANT
COLD
SPRAY
030201 4oz
030202 9 oz

MUELLERKOLD 
INSTANT 
COLD PACK
030102 16/case

REUSABLE 
COLD/HOT PACK
030104 Small (43/4" x 6")
030105 Regular (6" x 9")

THERAPIST SIZE 
REUSABLE 
COLD/HOT PACK
030109 (12" x 14") each

SPORTS BALM™
Rx quality. GREASELESS

TUFFNER CLEAR SPRAY
200901 4 oz
200902 10 oz

190401
4 oz

TAPE & TUFFNER 
REMOVER
200101 4oz
200102 10oz 
200104 Gallon

MEDI STAT™
Spray on bandage 
stops bleeding
131501 3oz

MAGIC GRIP®
U.S. PATENT 5,204,088

Repels water 
130201 3oz

SCHOOl

QUENCH' 
GALLON MIST
With 2 tree sprayers 170101

for

CHO PAT® 
KNEE STRAP
982

Catalog 
& School
price List

Contact your Mueller Supplier

TRAINERS KITS
Big assortment - Your choice 

Soft-sided • Metal • Plastic

NO GLARE™ 
STRIPS
U.S. PATENT 4,719,909

NO GLARE™ 
PASTE
140403 3/4 oz

TULI'S«
HEEL
CUPS

Mueller Sports Medicine Inc. 
One Quench Drive, Prairie du Sac, Wl 53578 USA

1-800-356-9522 • 608-643-8530
ORDER FAX 1-800-852-4334 • FAX 608-643-2568

E-Mail sportcare@ muellersportsmed.com
Web Site www.muellersportsmed.com

©1999 Mueller Sports Medicine, Inc. Printed in USA



^Aircast 
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. aircas tf oundation. org

or 
(800) 720-5516

A private foundation established in 1996, independent of (SUP

CEU Quiz
The CEU quiz for the March 2001 issue

(Volume 36, Number 1) of the
Journal of Athletic Training will be located

in the April 2001 NATA News.

24th Annual Student Writing Contest
Entries must be received at the following address by March 1, 2002

NATA Student Writing Contest 
Deloss Brubaker, EdD, ATC

Life College 
1269 Barclay Circle 
Marietta, GAS0060

For a detailed description of the contest rules, please refer to the 
September 1999 issue of the Journal of Athletic Training.



back on

All I need for every rehabilitation stage... 
is covered by the uniqueness of our SwimEx.

Ron O'Neil, ATC
Head Athletic Trainer New England Patriots

rehab time an athlete
needs whe 
SwimEx is
resistive aquatic environment to speed recovery and 
enhance conditioning. Unlike stationary pools without 
resistive current, SwimEx provides the ONLY pool that 
allows an athlete to simulate sport specific activities 
against progressive water resistance up to 6.5 mph. The 
SwimEx patented current provides the athlete quickened 
rehab, avoids deconditioning due to down time, and creates 
low impact resistance training. Only SwimEx provides the 
complete aquatic solution to the needs of athletic trainers. 
Get the facts- Call SwimEx now at 800-877-7946.

Just a few of our customers:

MLB
Anaheim Angels
Arizona Diamondbacks
Atlanta Braves
Chicago White Sox
Cleveland Indians
Colorado Rockies
Detroit Tigers
Florida Marlins
Houston Astros
Kansas City Royals
Milwaukee Brewers
San Francisco Giants
Seattle Mariners

NFL
Atlanta Falcons
Baltimore Ravens
Cleveland Browns
Denver Broncos
Detroit Lions
Green Bay Packers
New England Patriots
San Diego Chargers

NBA
Boston Celtics
Cleveland Cavaliers
Detroit Pistons
Houston Rockets
Los Angeles Lakers
Miami Heat
Philadelphia 76ers

Universities
Ball State University
California University of

Pennsylvania
Central Michigan University
Colorado State University
Iowa State University
Michigan State University
Mid-American Nazarene

University
Oakland University
Oregon State University
Sacred Heart University
Southern Methodist

University
University of Arkansas
University of Colorado
University of Houston

University of Louisville
University of Missouri
University of Nebraska

at Omaha
University of

North Carolina
University of

Notre Dame
University of Oklahoma
University of Pittsburgh
University of

Rhode Island
University of Texas
University of Washington
University of Wisconsin

at La Crosse
US Naval Academy
Virginia Commonwealth

University
Western Michigan

University

-^ 0 mm :,,jwimEx
Defining Aouatic Therapy'"
Toll free: 800-877-7946 
www.swimex.com
SwimEx, 373 Market Street, Warren, Rl 02885



FOUNDING SPONSORS

CONSUMER PRODUCTS, INC

Tough Actin'
^r

Tinactin
DrScholls

HELPS AN ATHLETE COME BACK FROMM^^^^K: THAT S 
TIME AN ATC LEARNS MORE OR DOFS-IM^^^ITH THE 
THAT'S ALSO SUCCESS — AND IT'S DUE IN PART TO OUR

THE NATA..eoRPO^!^ SPONSORSHIP PROGRAM is TRACED BACK TO FOUNDING 
SPONSORS Jo^Sw& JOHNSON ANp GATORADE. IN THE YEARS SINCE THESE 

|f$VO COMPANIES JOINED OUR CAMP, $UR CIPxCEE OF SPONSORS HAS CROWN EVER 
AND THE NATIONAL ATHLETIC TRAINERS' ASSOCIATION HAS BEEN ABLE

llEET A GREATER NtJSiffiER OF NEEDS FOR CERTIFIED ATHLETIC TRAINERS.

OFFICIAL SUPPLIERS E'WOULD EIKE TO EXPRESSl^^^BEEKE THANKS TO ALL OF OUR SPONSORS FOR 

;IR CONTINUEL^ EFFORT TC^ffl^iMPROVE, ADVANCE AND PROMOTE THE 

SESSION — AND SUBSEQUENTLY, ENRICH TF1E LIVES OF ATHLETES.

Seabury & Smith

Sfsortsguard'

NATIONAL ATHLETIC TRAINERS' ASSOCIATION



NATA Continuing 
Education Committee 
Schedule of Events

District: Lecture Series
(One-hour presentation during each district meeting)

districts 1 & 2

district 3

district 4

district 5

district 6

district ~7

district 8

district 9

district 1O

district 3

district 4-

district G

district 8

district 1O

districts 1 & 2 

district 4 

district G 

district 8 

district 9

The Hand and Wrist in Sport"

January 8, Providence, RI 
May 20, Greenville, SC 
March 9, Milwaukee, WI 
March 17, Topeka, KS 
TBD, Arlington, TX 
March 23, Tucson, AZ 
April 21, San Diego, CA 
March 24, Atlanta, GA 
March 24, Boise, ID

One-Day Workshop
[worth ~7 CEU credits)

"Sacroiliac Joint: Evaluation and Functional Rehabilitation"

May 18, Greenville, SC 
August 11, Naperville, IL 
July 17, Arlington, TX 
April 19, San Diego, CA 
March 25, Boise, ID

Clinical Instructor Educator Seminar
(worth B.B CEU credits)

January 7, Providence, RI
March 10, Milwaukee, WI
January 19, Fort Worth, TX (sold out)
June 18, Los Angeles (registration begins in March)
March 22, Atlanta, GA

Visit the Continuing Education Committee website at www.cewl.com
and click on "Continuing Education" for more details, or call

(800) 879-6282, ext. 140, or email lorim@nata.org.



EATA Research Grant 
2001 Request for Proposals

The EATA is pleased to announce that we are currently accepting proposals for 
Research Grants up to $3,000.00.

The Primary investigator must be a member of Eastern Athletic Trainers' Association. The application must be 
postmarked by April 1, 2001. For guidelines and application, log on to www.goeata.org or contact:

Marjorie A. King
Department of Kinanthropology

University of Quebec at Montreal
Box 8888, Station Centre Ville

Montreal (Quebec) Canada
H3C 3P8 

Phone: (514) 987-4156
Fax: (514) 987-6616 

<mak7p @ virginia.edu>

Please see the revised Authors' Guide 
for changes in publication policies

regarding Case Report and 
Clinical Technique manuscripts.



Guidelines for Authorship in JAT
David H. Pen-in, PhD, ATC 
Editor-in-Chief

Since the International Committee of Medical Journal Editors (ICMJE) issued a set of criteria for authorship in 1985, the 
subject has received considerable attention from editors of biomedical journals. In short, the criteria of the ICMJE were 
developed to discourage the inflationary increase in the number of authors listed on papers and to end the practice of "gift" 
authorship. In response to the ongoing debate about what constitutes authorship, the ICMJE modified its statement on authorship 
at its May 2000 meeting in Copenhagen, Denmark. These guidelines serve as the basis for the Uniform Requirements for 
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Objective: To compare the changes in hamstring length re 
sulting from modified proprioceptive neuromuscular facilitation 
flexibility training in combination with cold-water immersion, hot- 
water immersion, and stretching alone.

Design and Setting: Training-only subjects stood motionless 
for 10 minutes, while subjects in the cold group stood in a cold- 
water bath (8° ± 1°C) immersed up to the gluteal fold for 10 
minutes, and subjects in the hot group stood in a hot-water bath 
(44° + -|°c) immersed up to the gluteal fold for 10 minutes. All 
subjects exercised only the right lower limb using a modified 
proprioceptive neuromuscular facilitation flexibility protocol, 
consisting of 1 set of 4 repetitions. This procedure was followed 
for 5 consecutive days.

Subjects: Forty-five uninjured subjects (21 women, 24 men;

age range, 18-25 years) were randomly assigned to the cold, 
hot, or stretching-alone group.

Measurements: Subjects were measured for maximum ac 
tive hip flexion on the first and fifth days.

Results: Group results were assessed using a 2 x 3 analysis 
of variance, comparing changes in hamstring length from pre 
test to posttest. All 3 groups had significant improvements in 
hamstring length (pretest to posttest) (P < .05). However, no 
significant differences occurred among groups.

Conclusions: No advantage was apparent in using complete 
hot or cold immersion to increase hamstring length in healthy 
subjects.

Key Words: thermal agents, stretching

F lexibility training is generally accepted as an important 
aspect of conditioning for athletic and occupational per 
formance and is widely used as an effective method in 

the treatment and prevention of injuries. 1 '2 Flexibility exercises 
are designed to increase tissue elasticity, thereby increasing 
range of motion (ROM) of specific joints. Increased ROM is 
believed to both enhance athletic performance2"4 and decrease 
the severity and frequency of injuries. 1 '2

Stretching techniques can be categorized as static, ballistic, 
slow active, and proprioceptive neuromuscular facilitation 
(PNF). Scientific Stretching for Sport—(3S) describes a mod 
ification of PNF.2 Benefits realized through modified PNF flex 
ibility training are superior to benefits realized through static 
and ballistic techniques. 3 - 5 - 6 The modified PNF technique is 
said to create short-term neural adaptations and short-term and 
long-term modifications within the viscoelastic components of 
the muscle-tendon-fascia unit.4

In therapeutic settings, in which the goal is to restore func 
tional range and strength as near to preinjury status as possible 
and in the shortest amount of time, muscle injuries are fre 
quently treated with some form of PNF exercises. Stretching 
exercises are often combined with the application of thermal 
agents. Lentell et al7 studied the effect of thermal agents and 
prolonged static stretching on shoulder flexibility. Subjects in 
the stretching-alone, heat, ice, and combined heat and ice 
groups all demonstrated improved shoulder flexibility com 
pared with subjects in the control (no-intervention) group. No 
significant differences were found among the treatment 
groups. However, Taylor et al8 found that subjects in the heat 
group demonstrated significantly greater flexibility scores than 
subjects in the cold group (both groups performed static 
stretching after the application of heat or ice) or subjects in 
the stretching-alone group. Conversely, researchers investigat 
ing combined PNF flexibility training and cryotherapy found
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The flexibility training apparatus.

that cold application over the muscle, before and during 
stretching, was significantly more productive in increasing 
flexibility than stretching alone. 5

A review of the literature reveals no consensus regarding a 
specific protocol for the use of hot or cold application during 
rehabilitation. Heat is thought to improve the vascular circu 
lation to and around the injured site, thereby speeding up the 
repair process by decreasing connective tissue adhesions and 
removing metabolic wastes,9 whereas cryotherapy is used to 
decrease inflammation and diminish the stretch reflex response 
to elongation. The direct effect of either hot or cold application 
and increased ROM is poorly understood. Therefore, our pur 
pose was to compare the changes in hamstring length resulting 
from modified PNF flexibility training in combination with 
hot, cold, or no thermal treatment before exercise.

METHODS

Subjects
Forty-five uninjured subjects (21 women, 24 men; age 

range, 18-25 years) were recruited from an undergraduate col 
lege population. They reported no history of endocrine or ther- 
moregulatory disorders, arthritic conditions, or musculoskele- 
tal injuries. None of the subjects were exercising strenuously 
at the time of the study, and they were instructed to carry out 
normal daily activities. The exercise protocol was approved by 
the departmental ethics committee for studies involving human 
experimentation, and all subjects signed an informed consent. 
Thirty-nine subjects completed all requirements of the study.

Experimental Design
On day 1 of the study, subjects were familiarized with the 

flexibility training apparatus (Scientific Stretching Ltd, Hali 
fax, Nova Scotia, Canada). This machine has a moveable arm, 
a hydraulic motor, and an integrated computer that displays 
angle, force output, and duration of contraction (Figure). The 
validity and reliability of the instrument has been previously 
described by Holt et al 10 and Schmitt et al. 3 '4 Subjects were 
randomly assigned to 1 of 3 groups: a cold-treatment group, 
a hot-treatment group, or a stretching-alone group. Each sub 
ject in the cold-treatment group stood in a cold-water bath (8° 
± 1°C) immersed up to the gluteal fold for 10 minutes. Each 
subject in the hot-treatment group stood in a hot-water bath

(44° ± 1°C) immersed up to the gluteal fold for 10 minutes. 
The stretching-alone group subjects stood motionless for 10 
minutes. The duration of this study was 5 consecutive days, 
and the study involved daily treatment and training. All mea 
sures were performed on the right lower limb.

Flexibility Training Protocol
Before testing and treatment on the first day, subjects were 

positioned on the flexibility training machine (Figure), with 
the resistance pad adjusted to the midcalf level. Each subject 
produced a maximal active hip flexion (MAHF) with the leg 
fully extended at the knee while maintaining the lower back 
against the support platform. The angular measure was visible 
to both the subject and investigator, and it represented pretest 
hamstring length. Once the MAHF position was attained, sub 
jects produced a maximal voluntary isometric contraction 
(MVIC) of the hip extensor musculature.

More precisely, in the supine position with the pelvis firmly 
held to the machine's top padded platform, the subject actively 
moved the right leg (extended at the knee joint) to MAHF to 
the horizontal plane. At this point, the machine's readout gave 
the acquired angle. Once the angular displacement was re 
corded, the subject gradually built to maximum force (ie, per 
ceived MVIC). Subjects were instructed to stop if they expe 
rienced any pain or discomfort. At MVIC, the readout 
provided the acquired angular torque. The MVIC values were 
recorded for all subjects. From this score, percentage of MVIC 
scores were calculated.

Upon completion of these initial measurements, subjects en 
gaged in their respective treatment protocols. Immediately af 
ter treatment, subjects positioned themselves on the exercise 
machine and began the training protocol, which consisted of 
1 set of 4 repetitions. The intensity of muscular effort for each 
repetition was based on the initial MVIC. Repetitions were 
progressive and consisted of the following: (1) 60% of MVIC, 
(2) 70% of MVIC, (3) 80% of MVIC, and (4) 100% MVIC. 
On each repetition, subjects were instructed to perform a 4- 
second build-up to the appropriate isometric contraction of the 
hamstring musculature, followed by a 6-second hold of the 
contraction. Subjects performed the same duration of isometric 
contraction (4 seconds + 6 seconds = 10 seconds), followed 
by a 5-second relaxation and repositioning via a concentric 
contraction of the antagonist. This procedure has been previ 
ously described by Holt et al 10 and Schmitt et al. 3 '4 The force 
output generated during each repetition was visible to both the 
subject and the investigator, with the force of the fourth rep 
etition (100% MVIC) used to determine the effort of progres 
sions on the following day. Two independent laboratories3 ' 11 
have used this machine successfully in the area of PNF flex 
ibility research.

On the last day and after the training protocol, each subject 
produced an MAHF, with the leg fully extended at the knee. 
The angular measure was visible to both the subject and in 
vestigator, and it represented posttest hamstring length. A 
methodologic limitation of the study was the lack of a control 
group. Future research endeavors in this area must account for 
this shortcoming.

Statistical Analysis
We assessed group results using a 2 X 3 (pretest and post- 

test X 3 groups: hot treatment, cold treatment, and stretching
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alone) analysis of variance, comparing changes in hip joint 
flexion from pretest to posttest. Significant differences were 
accepted at the a level P < .05, where P < .05 was the 
probability that no difference existed.

RESULTS

The data were assessed for group differences in hamstring 
length between and within each group. All 3 groups had a 
significant (Fdf = 1, P < .05) increase in ROM after the 5 
consecutive days of modified PNF flexibility training (pretest 
to posttest). Stretching-alone group subjects had a mean in 
crease of 25.9° ± 4° (pretest, 74.1° ± 10°; posttest, 100.1° ± 
10°), while cold-group subjects had a mean increase of 23.5° 
± 7° (pretest, 78.3° ± 11°; posttest, 101.8° ± 8°), and the hot- 
group subjects had a mean increase of 25.6° ± 9° (pretest, 
75.0° ± 12°; posttest, 100.6° ± 13°). Group comparisons of 
the change in hamstring length showed no significant differ 
ence (Fdf = 2, P > .05) among the 3 groups.

DISCUSSION

Two main findings resulted from this study: (1) Modified 
PNF flexibility training alone or in conjunction with heat or 
cold thermal agents resulted in significant increases in ham 
string length, and (2) The particular experimental temperature 
applications used in this study did not differ in their ability to 
influence the changes in hamstring length expected during 
modified PNF training.

It is not surprising that each group experienced significant 
increases in hip joint flexion from pretest to posttest. Joint 
ROM has been shown to increase somewhat regardless of the 
stretching method used,6 with modified PNF exercise found to 
yield superior results. 1 '2 Of the 3 basic kinds of stretching 
(ballistic, slow stretch, and PNF), research has shown that PNF 
and its derivatives are the most effective techniques for in 
creasing flexibility. 12^ 18

Theorists2 have focused on the neurophysiologic bases of 
PNF, stating that the excitatory afferents of the neuromuscular 
spindle or the inhibitory afferent of the Golgi tendon organ 
(GTO), or both are responsible for the effects. During a PNF 
stretch, an isometric contraction of a stretched agonist for an 
extended period of time may cause activation of its neuro 
muscular spindle. 2 Impulses from the afferent fibers of the 
spindle pass directly to the spinal motor neurons of the motor 
units supplying the same muscle, resulting in an even stronger 
isometric contraction. During this process, inhibition of the 
antagonist occurs, which is followed by a facilitation effect 
once the antagonist concentrically contracts.

During the full "reversal of antagonists," as seen in the 
method we employed in our study, the increase in tension cre 
ated during the isometric contraction of the prelengthened ag 
onist is thought to facilitate a release of its fascia, which results 
in an increased capacity to lengthen when the antagonist con 
tracts concentrically. 2 Should the antagonist be in a position 
where it cannot, through its concentric effort, move the limb 
through a greater displacement, then very light pressure from 
the partner or a machine can achieve the increase in ROM. 
Both the fascia and the spindle of the agonist adjust to the 
newly lengthened position. These impulses travel via branches 
to inhibitory interneurons, causing postsynaptic inhibition of 
the motor neurons to the agonist. Increasing the tension in 
creases the impulses from the GTO. These impulses can over

ride the impulses coming from the neuromuscular spindles, 
allowing the muscle to reflexively relax after the initial reflex 
ive resistance to the change in length (autogenic inhibition), 
thus lengthening the muscle.

At the MVIC of the agonist during PNF, it has been sug 
gested that performance differentiation (increases in joint ex 
tensibility) can be accomplished through the neurologic ap 
paratus by recruitment of receptor organs (spatial summation) 
and by temporal summation, the transmitting of the number 
of impulses per unit of time over the same fiber. 12 How long 
the facilitatory effects (inhibitory effect on the neuromuscular 
spindle) of the GTO last is unknown. However, 1 serious lim 
itation to this hypothesis is that no study has directly evaluated 
the proposed neurologic components in PNF (GTO, muscle 
spindle, and other components).

Although previous studies have reported greater ROM gains 
when cryotherapy is used before PNF exercises,5 there were 
no differences among group changes in hamstring length in 
this study. Most of the cryotherapy and PNF studies have used 
10 minutes of superficial ice massage or an ice pack to cool 
the specific musculature. The superficial application of cold 
may cause specific physiologic reactions, such as a decrease 
in local metabolic function, local edema, nerve conduction ve 
locity, and muscle spasm and an increase in local anesthetic 
effects. 19 Some of these factors are thought to enhance the 
gains realized with modified PNF flexibility exercises. One 
possible difference between superficial ice application and 
cold-water immersion is the vascular response. When a small 
surface area is exposed to cold temperature, compensatory va- 
sodilation by the deeper vascular system attempts to compen 
sate for the cold surface area, resulting in increased blood flow 
to the tissues underlying the site of exposure. This vascular 
reaction occurs to maintain a relatively constant deep tissue 
temperature. 19 Perhaps the superior gains reported using ice 
and modified PNF are due to increased vascular flow, and thus, 
increased temperature to the deep myofascial tissues, whereas 
the physiologic changes resulting from the complete immer 
sion of the lower limb into cold water create survival vascular 
responses, restricting blood flow to all peripheral sites to reg 
ulate core temperature. Although the superficial application of 
cold does not completely penetrate into the deeper underlying 
tissues, perhaps it is this vascular change that influences the 
gains in ROM experienced during cryotherapy.

Further research is necessary to determine the deep-tissue 
physiologic changes associated with superficial hot or cold ap 
plication. Different techniques of thermal therapy or cryother 
apy may lead to conflicting results.
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Objective: To compare the effectiveness of Nature's Chem 
ist as an ultrasound coupling agent with the effectiveness of 
another topical analgesic (Biofreeze), Aquasonic 100, and a 
sham treatment in producing intramuscular (IM) temperature in 
crease during a typical therapeutic ultrasound treatment.

Design and Setting: Subjects were randomly assigned to 1 
of 4 treatment groups (n = 10 in each group). Groups 1 through 
3 received continuous ultrasound at 1.0 W/cm2 for 10 minutes 
at a frequency of 3 MHz over the posterior calf. Group 4 re 
ceived a sham treatment. In group 1, we used Aquasonic 100 
alone; in group 2, we used a 1:1 (wt/wt) mixture of Biofreeze 
and Aquasonic 100; in group 3, we used a 1:1 mixture of Na 
ture's Chemist and Aquasonic 100; and in group 4, we used a 
1:1 mixture of Aquasonic 100 and Nature's Chemist. In all 
groups, IM temperature was recorded during the treatment and 
for 15 minutes posttreatment. We used a modified visual ana 
logue scale to measure each subject's perception of heat at the 
treatment area during and after treatment.

Subjects: Forty college students (age, 22.5 ± 2.0 years; 
height, 175.5 ± 8.0 cm; weight, 71.6 ± 13.1 kg; calf skinfold 
thickness, 17.8 ± 7.2 mm) volunteered to become subjects.

Measurements: The IM temperature was recorded at 15- 
second intervals for 25 minutes at 1 cm below the subcutane 
ous fat with a thermocouple. Differences were analyzed within 
and among groups at the beginning of the treatment (T0), the 
end of the treatment (T10), and 15 minutes posttreatment (T25).

Results: The IM temperature increases in groups 1 through 
3 were significantly different from those in group 4 (sham), but 
they were not significantly different from each other. Temper 
atures increased in group 1 (Aquasonic 100) by 7.47° ± 1.8°C, 
in group 2 (Biofreeze and Aquasonic 100) by 6.52° ± 1.6°C, 
and in group 3 (Nature's Chemist and Aquasonic 100) by 6.99° 
± 1.1 °C. Temperatures decreased in group 4 (sham) by 0.56° 
± 0.3°C. There were no significant differences among groups 
1 through 3 in the perception of heat at T5 and T10 .

Conclusions: Our results indicate that, at a frequency of 3 
MHz and an intensity of 1 W/cm2 , Nature's Chemist and Bio 
freeze mixed in 1:1 ratios with Aquasonic 100 were effective 
coupling agents. Perceptions of heat by the patient may not 
indicate actual temperature increases within the muscle.

Key Words: topical analgesic, ultrasound coupling agent, in 
tramuscular temperature increase

T wo modalities commonly used in the treatment of mus- 
culoskeletal trauma are topical analgesics and therapeu 
tic ultrasound.'"3 If the transmission of ultrasound en 

ergy is not impaired when using a topical analgesic as a cou 
pling agent and additional therapeutic benefit can be derived 
from the topical analgesic, it seems only natural that clinicians 
would wish to combine these treatments. For a topical anal 
gesic to be effective, it would have to possess the properties 
requisite of a good coupling agent, as well as provide pain 
relief. In spite of this obvious combination, little research has 
been done investigating the effectiveness of using topical an 
algesics as coupling agents. In the studies to date, great dis 
parity has been found in the level of effectiveness of topical 
analgesics as coupling agents.4"7 For example, Cameron and 
Monroe7 reported that the 2 popular topical analgesic creams 
they investigated, Thera-Gesic (Mission Pharmacal Co, San 
Antonio, TX) and Myoflex (Novartis Consumer Health Inc,

Summit, NJ), were at opposite ends of the spectrum with re 
gard to their ability to transmit ultrasound. Thera-Gesic trans 
mitted 97% as much ultrasound energy as that of degassed 
water, whereas Myoflex transmitted 0%.

A new "100% natural" topical analgesic recently came on 
the market. The product, Nature's Chemist (Naturopathic Lab 
oratories Intl, Inc, St Petersburg, FL), contains the active in 
gredient menthol at 16%, combined with oils of eucalyptus, 
copaiba, citrus, and lavender in a natural lanolin base. The 
manufacturers of Nature's Chemist, like those of Biofreeze 
(Performance Health, Inc, Pittsburgh, PA), claim that the prod 
uct can be used as an effective coupling agent. The primary 
purpose of our investigation was to compare the effectiveness 
of Nature's Chemist as an ultrasound coupling agent with the 
effectiveness of another topical analgesic (Biofreeze), an ul 
trasound transmission gel (Aquasonic 100 Ultrasound Trans 
mission Gel, Parker Laboratories, Inc, Fairfield, NJ), and a
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sham treatment in producing intramuscular (IM) temperature 
increase during a typical therapeutic ultrasound treatment. Sec 
ondarily, we examined each group's perception of heat at the 
treatment site before, during, and after the ultrasound treat 
ment.

METHODS

Subjects
Forty college students (age, 22.5 ± 2.0 years; height, 175.5 

±8.0 cm; weight, 71.6 ± 13.1 kg; posterior calf skinfold 
thickness, 17.8 ± 7.2 mm) volunteered and signed a consent 
form approved by the University Human Subject's Institu 
tional Review Board, which also approved the study. Sub 
jects were recruited from the fall classes taught by the pri 
mary investigator (J.W.M.) and the coinvestigator (G.J.M.). 
We verbally screened subjects for a history of peripheral vas 
cular disease, recent or chronic injury to the left calf, allergy 
to cephalexin hydrochloride, or a known sensitivity to men 
thol. Subjects with any of these conditions were excluded 
from the study. Subject data were kept confidential, and only 
group data were reported. Female subjects were excluded if 
they were pregnant.

Procedures
Subjects were randomly assigned to 1 of the 4 treatment 

groups (10 subjects per group). They were not told which cou 
pling agent they received until they had completed the exper 
iment. To minimize the risk of infection from the insertion of 
the hypodermic needle microprobes into the intramuscular tis 
sue, we administered a 500-mg dose of cephalexin hydrochlo 
ride immediately before the experiment. Each subject took 3 
similar doses at 6-hour intervals after the conclusion of the 
experiment. 8

We measured the skinfold thickness of the posterior left 
lower leg with a Lange Skinfold Caliper (Cambridge Scientific 
Industries, Ltd, Cambridge, MD). This measurement was di 
vided by 2 to determine the depth of subcutaneous fat over 
each subject's gastrocnemius muscle. As previous researchers 
have done, we chose the triceps surae as our site of investigation 
because of the ease of thermocouple insertion and treatment it 
affords. 3"5 ' 8 Subjects then assumed a prone position on a stan 
dard examining table. We shaved a 4 X 4-cm area of skin 
over the medial portion of the muscle belly of the left calf. 
We then cleansed the area thoroughly, first with a 10% povi- 
done-iodine scrub, then with a 70% isopropyl alcohol swab. 8 
Before beginning the study and after each use, we performed 
high-level disinfection on the 26-gauge hypodermic needle mi 
croprobes (Physitemp MT-26/4, Physitemp Instruments, Inc, 
Clifton, NJ) used to measure IM temperature by placing them 
in Cidex-Plus (Johnson & Johnson, New Brunswick, NJ) for 
at least 30 minutes. We washed the Cidex-Plus off the probes 
with sterile water before inserting them into a subject. An ad 
vanced-practice registered nurse (G.J.M.) inserted the probes 
into the left calf. Insertion depths were controlled by measur 
ing vertically from the posterior surface of the calf with a 
caliper, 1 cm below the subcutaneous fat covering the middle 
of the posterior calf. This spot was marked on the skin surface 
on the medial calf with an ink pen, and the probe was inserted 
at the marked spot into the medial calf. We then connected the 
needle microprobe to an electronic thermometer (Columbus

Figure 1. Therapeutic ultrasound treatment being administered 
with the tissue-implantable thermocouple recording intramuscular 
temperature in the medial calf 1 cm below the subject's subcuta 
neous fat.

Instruments, Iso-Thermex 16-channel, Columbus, OH) and, af 
ter 3 minutes, the baseline IM temperature was recorded, and 
the 10-minute ultrasound treatment began (Figure 1). The IM 
temperature was recorded continuously to the nearest 0.01°C, 
every 15 seconds throughout the treatment and for 15 minutes 
posttreatment. Room temperature was monitored during the 
experiment using a thermocouple (Model TX-31, Columbus 
Instruments) interfaced to the Iso-Thermex.

Subjects in groups 1 through 3 received continuous ultra 
sound at 1.0 W/cm2 for 10 minutes at a frequency of 3 MHz 
over the posterior calf by the same researcher (J.W.M.). The 
treatment area was standardized by treating within a template 
that was 2 times the size of the transducer head. The transducer 
head measured 10 cm2 . All groups had 10 g of one of the 
coupling agents applied to the treatment area during the treat 
ment. Coupling agents were kept at room temperature, 24.1° 
± 0.7°C. In group 1 (control group) (age, 22.5 ± 2.4 years; 
height, 176.0 ± 9.5 cm; weight, 71.6 ± 11.2 kg; calf skinfold 
thickness, 17.2 ± 8.0 mm), we used Aquasonic 100 alone. In 
group 2 (age, 22.9 ± 2.1 years; height, 175.3 ± 8.8 cm; 
weight, 67.4 ± 8.8 kg; calf skinfold thickness, 16.5 ± 6.1 
mm), we used a 1:1 (wt/wt) mixture of Biofreeze and Aqua- 
sonic 100. In group 3 (age, 22.2 ± 1.7 years; height, 173.4 ± 
6.8 cm; weight, 70.5 ± 8.8 kg; calf skinfold thickness, 18.1 
± 7.4 mm), we used a 1:1 mixture of Nature's Chemist and 
Aquasonic 100. In group 4 (sham group) (age, 22.2 ± 2.1 
years; height, 177.4 ± 7.6 cm; weight, 76.7 ± 20.2 kg; calf 
skinfold thickness, 19.5 ± 7.6 mm), we used a 1:1 mixture of 
Nature's Chemist and Aquasonic 100. In group 4, the trans 
ducer head was rubbed over the treatment area, but the ultra 
sound machine's intensity was not turned on. The ultrasound 
unit used for all treatments was a Dynatron 150 (Dynatron- 
ics, Salt Lake City, UT), with a beam nonuniformity ratio of 
2.67:1. We moved the ultrasound head at the rate of approx 
imately 3 to 4 cm-s~ ] . At 15 minutes posttreatment, we re 
moved the microprobe and swabbed the area with 70% iso 
propyl alcohol.

We used a modified visual analogue scale (VAS),9 a con 
tinuous line 10 cm in length, to measure each subject's per 
ception of heat at the treatment area. The left end of the scale
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was labeled "extreme cold," and the right end of the scale 
was labeled "extreme heat." The subjects were asked to mark 
the scale as soon as the coupling agent was applied (T0), at 5 
minutes into the treatment (T5 ), at the completion of the treat 
ment (T 10), and at 15 minutes posttreatment (T25). An identical 
list of instructions was read by each subject before he or she 
filled out each VAS. The subject indicated the amount of per 
ceived heat at the treated area by placing a slash somewhere 
along the VAS. Subjects were not allowed to look at previous 
VAS trials.

Data Analysis
Our independent variables were treatment group and time. 

Our dependent variables were IM temperature and perception 
of heat.

Intramuscular Temperature
Although temperature measurements were available every 

15 seconds, the measurements of primary interest were taken 
at baseline (T0) and at 5-minute intervals for 25 minutes (T5 , 
T 10 [end of ultrasound treatment], T 15 , T2Q, and T2s). As a 
preliminary test to identify the existence of overall differences 
among groups, we performed a multivariate analysis of vari 
ance (MANOVA) on the 6 time points of interest gathered for 
each subject. We also calculated the temperature change from 
baseline to the end of the ultrasound treatment (T 10-T0) and 
from baseline to the end of posttreatment (T25-T0). We per 
formed an analysis of variance (ANOVA) on the temperature 
changes for both time periods to see if IM temperature in 
creases differed among groups. We used the Duncan multiple- 
range test as our post hoc test to identify the individual dif 
ferences among groups. The SAS MIXED procedure (SAS 
Institute Inc, Gary, NC) was used to determine if there was a 
difference in the rate of temperature increase among groups 
during the first 5 minutes of treatment. Measurements at 1- 
minute intervals were used for this analysis. We performed 
paired t tests on each treatment group to see if significant 
temperature changes occurred within each group during the 
10-minute ultrasound treatment. We determined the amount of 
time during which the IM temperature for each group was 
>40°C and performed an ANOVA to see if differences be 
tween the groups were significant. We also calculated the max 
imum temperature increase for each group during the treat 
ment. Significance was set at P < .05 for all tests.

Perception of Heat
The markings on each VAS were measured to the nearest 

millimeter, and these values were used in the analysis. We 
performed a MANOVA on the 4 time points of interest (T0 , 
T5 , TIQ, and T25 ) gathered for each subject as a preliminary 
test to identify the existence of overall differences among 
groups in their perception of heat over the treatment area. This 
test was followed by separate ANOVAs for each time point 
of interest. If a significant difference was found between 
groups, a Duncan multiple-range test was run.

RESULTS

Intramuscular Temperature
Table 1 presents the means and standard deviations of IM 

temperatures for the 4 treatment groups from baseline to the

Table 1. Intramuscular Temperatures from Baseline to the End of 
the Posttreatment Period in 5-Minute Intervals*

Time 
Pointf Group 1

To

T5
T10
T15
T20
T25

35.63 ±
41.30 ±
43.10 ±
38.37 ±
37.17 ±
36.70 ±

0.64
0.72
1.30
0.37
0.50
0.64

Group 2

36.00 ±
40.86 ±
42.52 ±
38.65 ±
37.44 ±
36.89 ±

0.58
1.60
1.32
0.59
0.50
0.38

Group 3

36.02
41.95
43.01
38.59
37.57
37.19

± 0.36
± 1.48
± 1.19
± 0.68
± 0.45
± 0.41

Group 4

36.19
35.88
35.63
35.46
35.24
35.09

± 0.40
± 0.24
± 0.26
± 0.26
± 0.29
± 0.35

*Values are expressed as mean ± SD temperature (°C). Group 1 was 
treated with Aquasonic 100 only; group 2, a 1:1 (wt/wt) mixture of Bio- 
freeze and Aquasonic 100; group 3, a 1:1 mixture of Nature's Chemist 
and Aquasonic 100; and group 4, a 1:1 mixture of Nature's Chemist 
and Aquasonic 100 without ultrasound.
•{Temperatures were measured at T0 (baseline), T5 (5 minutes into treat 
ment), T10 (10 minutes into treatment), T15 (5 minutes posttreatment), 
T20 (10 minutes posttreatment), and T25 (15 minutes posttreatment).

O

£ 39^

100% Aquasonic 100 
50% Biofreeze / 50% Aq* 

50% Nature's Chemist / 50% Aq 
50% NCt / 50% Aq (No Ultrasound)

0 5 10 15 20 25

Time (min)

Figure 2. Mean intramuscular temperatures during the 10-minute 
therapeutic ultrasound treatment and the posttreatment period by 
treatment group. * Aq, Aquasonic 100; t, Nature's Chemist.

end of the posttreatment period. Figure 2 illustrates the average 
muscle temperature by treatment group over the 25-minute 
experiment. The MANOVA revealed significant differences 
among groups over the course of the experiment (F l8 8817 = 
12.48, P < .0001). A significant difference in temperature 
change from baseline to the end of the 10-minute treatment 
was seen among treatment groups (F3 36 = 83.12, P < .0001). 
The Duncan multiple-range test revealed that groups 1, 2, and 
3 were significantly different from group 4 (sham) but that 
they were not significantly different from each other. The IM 
temperature increased in group 1 (Aquasonic 100 alone) by 
7.47° ± 1.8°C, in group 2 (Biofreeze and Aquasonic 100) by 
6.52° ± 1.6°C, and in group 3 (Nature's Chemist and Aqua- 
sonic 100) by 6.99° ± 1.1°C. The IM temperature in group 4 
(Nature's Chemist and Aquasonic 100 without ultrasound) de 
creased by 0.56° ± 0.3°C. All groups' temperature changes 
from their own baselines to the end of treatment were signif 
icant; groups 1 through 3 had significant increases in IM tem 
perature, whereas group 4 had a significant decrease in IM 
temperature. There was no significant difference in the tem-
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Table 2. Perception of Heat for the Time Points of Interest*

Time
Pointf

To

T5
T10
T25

Group 1

2.82 ±
6.59 ±
6.92 ±
3.76 ±

0.64
1.65
2.21
1.43

2.
7.
7.
3.

Group 2

,18 ±
,67 ±
,60 ±
95 ±

0.76
2.08
1.66
0.97

3,
6,

Group

.36 ± 1

.28 ± 2
6.92 ± 3
2,,50 ± 2

3

.07

.29

.66

.21

2,
3.
2

Group

.96 ± 1

.31 ± 1

.48 ± 1
2.63 ± 1

4

.21

.40

.78

.84

*Values are expressed as mean ± SD scores on the visual analogue 
scale. Group 1 was treated with Aquasonic 100 only; group 2, a 1:1 (wt/ 
wt) mixture of Biofreeze and Aquasonic 100; group 3, a 1:1 mixture of 
Nature's Chemist and Aquasonic 100; and group 4, a 1:1 mixture of 
Nature's Chemist and Aquasonic 100 without ultrasound. 
fScores were recorded at T0 (baseline), T5 (5 minutes into treatment), 
T10 (10 minutes into treatment), and T25 (15 minutes posttreatment).

perature change from baseline to 15 minutes posttreatment 
(T25) among treatment groups 1, 2, and 3. There were also no 
significant differences among groups 1 through 3 in the rate 
of temperature increase over the first 5 minutes of treatment 
or in the duration of time for which the IM temperature was 
>40°C.

Perception of Heat
Table 2 presents the means and standard deviations of each 

group's perception of heat at the 4 time points of interest. The 
MANOVA revealed significant differences among groups over 
the course of the experiment (F 12 ,87.60 = 4.29, P < .0001). 
The ANOVA analyzing the groups' perception of heat at the 
time the coupling agents were applied (T0) indicated no dif 
ference among the groups' scores, but at T5 and T 10 , differ 
ences in scores were significant. The Duncan multiple-range 
tests revealed no differences in scores among groups 1 through 
3, but scores in those groups were significantly different from 
scores in group 4. By T25, 15 minutes posttreatment, once 
again, the groups' perceptions of heat did not differ.

DISCUSSION
The practice of combining topical agents with massage is 

as old as recorded sport medicine. In Athenian society, the 
paidotribai and aleiptes used various oils and powders to sup 
plement massage in treating the athletes whom it was their 
business to keep healthy. 2 At the turn of the 19th century in 
America, the first athletic trainers often employed the combi 
nation of massage and a counterirritant to "rub down" athletes 
under their charge. 2 Today, we can find many over-the-counter 
topical analgesics on the market. They are recommended for 
the temporary relief of minor aches and pains associated with 
the musculoskeletal system. 10 These products enjoy wide 
spread use throughout the sporting spectrum, from the profes 
sional football player to the weekend warrior. A 1987 survey 
conducted by Simmons Market Research Bureau, Inc, in New 
York revealed that 34% of adults in the United States use 
topical analgesics. 1 The most frequent reasons cited for use 
were backache, sore muscles, and pain resulting from arthritis 
or from sports and exercise participation. 1

Topical analgesics used in the treatment of athletic injuries 
are generally divided into 2 categories: counterirritants and 
trolamine salicylate creams. 1 Trolamine salicylate creams are 
believed to relieve pain by inhibiting prostaglandins at a local 
level, much as aspirin does systemically. In order for salicy- 
lates to work, they must be absorbed through the skin and

travel to the target tissues (eg, muscles, ligaments, and joints). 1 
Topical analgesics can also relieve pain by acting as topical 
anesthetics. Topical anesthetics inhibit the conduction of any 
sensory nerve impulses and block the pain receptors by cre 
ating numbness in the area of application. 11 ' 12 A common ex 
ample is lidocaine. Most topical analgesics are counterirritants; 
both Nature's Chemist and Biofreeze are in this category. 
Counterirritants are agents applied topically that irritate the 
skin and provide pain relief to underlying tissues such as mus 
cles, ligaments, and viscera. 10 The exact mechanism of pain 
relief is not yet completely understood. Plausible explanations 
include stimulation of nociceptors, which inhibit the response 
of central neurons that transmit the pain messages nearby; the 
gate theory proposed by Melzack and Wall 1 ' 13 ; and the release 
of endogenous opioid substances. 14 Localized vasodilation and 
subsequent increases in local circulation and tissue tempera 
ture are probably related to the latter 2 mechanisms. 10 ' 15-20 
When applied to the skin, counterirritants provide the classic 
warmth or coolness of a balm. Among the most common ac 
tive ingredients found in topical analgesics are menthol, meth 
yl salicylate, camphor, and capsicum. 1 These active ingredients 
are often used in combination with a variety of other inactive 
ingredients. Many counterirritants can be derived from natural 
sources; however, most of those used today are synthetically 
produced. [

Since 1955, the American Medical Association Council on 
Physical Medicine and Rehabilitation has recommended ther 
apeutic ultrasound as an adjunct to the treatment of pain, soft 
tissue injury, joint dysfunction, and a variety of musculoskel 
etal syndromes. 19 ' 21 '22 Recently, therapeutic ultrasound man 
ufacturers have developed models able to deliver frequencies 
of 2 and 3 MHz in addition to the traditional 1 MHz.21 '22 
These higher frequencies allow the clinician to more effec 
tively treat superficial structures. 21 "23 The factors affecting the 
absorption of ultrasound energy in tissue include the frequency 
and intensity of the ultrasound, the duration of treatment, the 
movement speed of the transducer, the type of tissue being 
treated, the size of the treatment area, and the coupling 
agent. 19 '22

Because of the widespread use of therapeutic ultrasound and 
topical analgesics in the treatment of musculoskeletal trauma, 
it seems rational to combine these modalities if no loss in 
ultrasound energy transmission occurs. Such a combination 
might save the therapist time, enhance the penetration of the 
topical agent through the skin and subcutaneous tissue,24 and 
possibly improve the clinician's management of musculoskel 
etal injuries. In spite of this obvious combination, little re 
search has investigated the effectiveness of topical analgesics 
as coupling agents. Cameron and Monroe,7 as well as Benson 
and McElnay,6 used ultrasound power meters to determine the 
relative transmission of ultrasound through a number of topical 
pharmaceutical products, including topical analgesics. Great 
variation existed, and relatively few products transmitted ul 
trasound well.

We found only 2 in vivo studies that examined the rise in 
IM temperature resulting from ultrasound treatments using 
topical analgesics as coupling agents.4 '5 Ashton et al5 inves 
tigated the effectiveness of Flex-all 454 (Ari-Med Pharmaceu- 
ticals, Tempe, AZ) mixed in a 1:1 combination with ultrasound 
gel. Subjects received a 10-minute ultrasound treatment with 
a frequency of 1 MHz at 1 .5 W/cm2 on the triceps surae mus 
cle group. At a depth of 3 cm below the skin surface, Ashton 
et al5 reported a temperature increase of 2.60° ± 0.48°C for
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the group treated with 1:1 Flex-all and ultrasound gel. The 
group that was treated with ultrasound gel alone had temper 
ature increases of 3.20° ± 0.58°C. Their sham group experi 
enced a loss of 0.82°C over the treatment period. 5 Our sham 
group had a similar decrease in IM temperature of 0.56°C. The 
probable reason for this is that the gel, although at room tem 
perature, was colder than the tissue to which it was applied, 
and through conduction, as with ice, heat was transferred from 
the body tissues to the coupling agent. Using similar methods, 
Cosgrove4 reported that a 1:1 mixture of Biofreeze and ultra 
sound gel increased temperature 1.87° ± 0.76°C at a depth of 
3 cm below the skin surface in the triceps surae muscle group. 
The group treated with ultrasound gel alone had temperature 
increases of 3.25° ± 0.87°C. Based on these results, one would 
conclude that these topical analgesics are not effective ultra 
sound coupling agents. 21

Our results differ from those previously reported. We found 
no significant difference between the amount of IM tempera 
ture increase obtained with the ultrasound coupling gel and 
the topical analgesics. With Nature's Chemist and Biofreeze, 
significant therapeutic IM heating occurred according to the 
criteria of both Lehmann et al24 and Draper et al. 25 Lehmann 
et al24 and Warren26 suggested that tissue temperature must be 
elevated to between 40°C and 45°C to be within the therapeu 
tic range. When treatment fails to raise tissue temperature to 
40°C, heating is considered only mild.24'26 If temperatures rise 
above 45°C, tissue damage is thought to occur. 19 ' 22 More re 
cent research suggests that the therapeutic thermal effects of 
ultrasound may be achieved with less of a temperature increase 
from baseline than previously thought. 25 '27 Draper et al25 and 
Castel27 believed that vigorous heating is obtained with in 
creases of >4°C above baseline. Moderate heating is thought 
to occur with 2° to 3°C increases, and 1°C increases are con 
sidered mild heating. Our group treated with Aquasonic 100 
alone achieved a mean maximum increase of 7.82°C, whereas 
the group treated with Nature's Chemist and Aquasonic 100 
achieved a 7.75°C maximum increase, and the group treated 
with Biofreeze and Aquasonic 100 achieved a 6.88°C maxi 
mum increase. We calculated the length of time for which each 
group was within the therapeutic range of Lehmann et al24 
(40° to 45°C). The Aquasonic 100 group was within the ther 
apeutic range 8.55 ± 0.82 minutes; the Biofreeze and Aqua- 
sonic 100 group, 8.56 ± 1.22 minutes; and the Nature's Chem 
ist and Aquasonic 100 group, 8.93 ± 1.45 minutes.

What are some possible explanations for the differences be 
tween our results and previous in vivo experiments investi 
gating the effectiveness of topical analgesics as coupling 
agents for therapeutic ultrasound? First was the obvious dif 
ference in protocol. Our frequencies were different from the 
frequencies used in other studies. We used 3 MHz, whereas 
Ashton et al5 and Cosgrove4 used 1 MHz. Benson and Mc- 
Elnay 6 - 28 noted a frequency-dependent attenuation. They 
found, in general, that as the frequency increased, the topical 
pharmaceuticals were increasingly able to transmit ultrasound. 
They postulated that the higher-frequency ultrasound may 
cause some breakdown of the polymer chains of the topical 
formulations, which would partially fluidize the formulation's 
structure, which in turn reduces its ability to attenuate the ul 
trasound energy. 28 Second, Cosgrove4 suggested that during 
the mixing of the Biofreeze with the ultrasound gel, air may 
have become entrapped. Aeration severely reduces the effec 
tiveness of ultrasound transmission. 29 ' 30 Another difference in 
protocol was intensity. We used an intensity that was less than

the intensity used in previous studies.4 - 5 One would expect that 
this intensity would decrease the amount of IM heating, not 
increase it, as was the case. We also used a different ultrasound 
machine and a bigger transducer head, 10 cm2 rather than 5 
cm2 . The templates for all studies were 2 times the size of the 
transducer head, so the machine differences should have been 
negligible. The final difference was the depth of the temper 
ature probe: ours was approximately 2 cm below the surface 
of the skin, whereas the depth used in the other 2 studies was 
3 cm. Due to the half-value thickness theorem, one would 
expect less heating in the deeper tissue.4' 31 Less heating did 
occur, but one would expect that it would affect all coupling 
agents equally, and therefore, it does not explain our different 
results.

Analysis of the groups' perception of heat revealed no sig 
nificant difference among the groups when the coupling agents 
were initially applied. During treatment (T5 ) and at the end of 
treatment (T 10), no significant differences were seen among 
groups 1 through 3, similar to the results noted for IM tem 
perature results, but these groups were significantly different 
from group 4. It was interesting to note that although at T5 
and T 10 , the Biofreeze and Aquasonic 100 group had a greater 
perception of heat than either the Aquasonic 100 group or the 
Nature's Chemist and Aquasonic 100 group, both of these 
groups actually had higher IM temperatures than the Biofreeze 
and Aquasonic 100 group, although none of these differences 
were significant. This same phenomenon was noted by Ashton 
et al5 with regard to Flex-all and their ultrasound gel group.

CONCLUSIONS
At a frequency of 3 MHz and an intensity of 1 W/cm2 , 

Nature's Chemist and Biofreeze mixed 1:1 with Aquasonic 
100 are effective coupling agents. Their performance was not 
statistically different from using Aquasonic 100 alone in terms 
of producing IM temperature increases. Although the differ 
ences were not significant, a 1:1 mixture of Nature's Chemist 
and Aquasonic 100 increased IM temperatures more rapidly 
and maintained IM temperatures in the therapeutic range lon 
ger than Aquasonic 100 alone or a 1:1 mixture of Biofreeze 
and Aquasonic 100. Interestingly, perceptions of heat by the 
patient may not indicate actual temperature increases within 
the target tissue. Further research should examine the benefits 
of using topical analgesics that have been shown to be effec 
tive coupling agents within patient populations.
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The transmissivity of coupling agents used in ultrasound 
treatments is of concern in clinical practice, as not all media 
are equally effective. 1 "5 Dr Myrer and colleagues have suc 
ceeded in their effort to assess the effectiveness of 2 com 
mercial preparations as coupling agents for the delivery of 
ultrasound. This type of work is important because it indepen 
dently substantiates the claims of manufacturers of the prod 
ucts used by certified athletic trainers and others.

In reading their work, however, I was left asking why the 
ultrasound transmissivity of a topical analgesic preparation is 
of concern in clinical practice. The authors state, "... it seems 
rational to combine these modalities if no loss of ultrasound 
energy transmission occurs." Although it is well substantiated 
that with appropriate settings and technique, ultrasound can 
elevate the temperature of deep tissues,6 the effects of ultra 
sound in isolation of other therapeutic interventions have not 
been well documented.

Furthermore, despite the widespread use of topical analgesic 
preparations, the mechanism by which they provide pain relief 
has not been fully elucidated. As suggested by the authors, it 
is likely that these preparations act via stimulation of cutane 
ous receptors. Thus, we are left with 2 modalities, one that 
heats deep tissues and one that stimulates cutaneous receptors. 
The goal for these treatments can be achieved independently 
and with minimal additional effort (the time to rub on a topical 
preparation) on the part of the clinician.

One final possibility is the phonophoresis of an active in 
gredient, such as trolamine salicylate, into the tissues. Many 
questions, however, remain regarding the efficacy of this ap 
proach. It has not been established that a pharmacologically 
active dose of such medication can be driven into target tissues 
by ultrasound or that such a treatment improves the treatment 
of musculoskeletal injuries.

Therapeutic modalities should be applied to improve clinical 
outcomes in terms of the rate or extent of recovery, or both. 
Much more research is needed to determine if the therapeutic 
modalities applied in contemporary health care truly enhance 
clinical outcomes. Although the topical preparations applied 
in this study are effective transmitters of ultrasound, the cli 
nician must decide if such a combination of modalities will 
facilitate the achievement of treatment goals and enhance treat 
ment outcomes.
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Concerning the practice of combining topical analgesics 
with ultrasound, we agree that from a research standpoint, the 
practice of combining modalities is problematic. Unless prop 
erly implemented in a well-thought-out experimental design, 
it is virtually impossible to determine which treatment or treat 
ments are responsible for any change in the natural history of 
the condition. From a practical aspect, however, the use of 
multiple modalities in sequence and in combination is the rule 
rather than the exception in sport medicine clinics. The reasons 
for this are perhaps several, ranging from financial remuner 
ation, a saving of time by the therapist, and the lack of sci 
entific evidence to guide the most effective and efficient use 
of the modalities at the clinician's disposal. This last point is, 
we believe, the crux of Dr Denegar's commentary and a pri 
mary motivating factor in our research. Our research is the 
first in a series of investigations designed to better understand 
the efficacy of topical analgesics, used independently and as a 
coupling agent for ultrasound, in the treatment of musculo- 
skeletal disorders. Part of our planned research agenda in 
cludes double-blind, randomized clinical trials. These trials are 
generally accepted as the paradigm of intervention research. 1 
This approach gives the strongest scientific proof of the effec 
tiveness of an intervention. By using this method, any new 
treatment can be compared with either existing or placebo 
treatments.

We also agree that neither the mechanisms of pain nor the 
mechanisms by which pain may be reduced by the use of 
ultrasound or topical analgesics are clearly understood.2"5 The 
very lack of understanding of these mechanisms is itself a 
reason for experimenting with a combined treatment of ultra 
sound and topical analgesics. Because, as Dr Denegar sug 
gests, the mechanisms of pain relief by ultrasound and by top 
ical analgesics are probably different, a combined approach 
may be more effective, because of a synergistic effect, than 
their independent use. 6 The ultrasound could enhance skin

penetration of the active ingredients of the topical analgesic, 
thereby optimizing its use, and the topical analgesic could en 
hance the hydration of the skin, thereby increasing the trans 
mission of ultrasound.6 '7 As we stated previously, these ques 
tions remain unanswered for the time being. It was not the 
purpose of our experiment, however, to answer any of these 
questions, but rather, as stated in our paper, to determine the 
effectiveness of 2 topical analgesics used as coupling agents 
during a typical therapeutic ultrasound treatment.

One point of clarification, with regard to phonophoresis and 
the topical analgesics we tested is that neither product con 
tained trolamine salicylate, as might be inferred by reading the 
commentary. The proposed mechanism of pain relief by men 
thol (the primary active ingredient in both products: 16% in 
Nature's Chemist and 3.5% in Biofreeze, as well as 0.2% cam 
phor) is different than that of trolamine salicylate. The pro 
posed mechanism of pain relief by menthol is primarily due 
to its counterirritant properties. Topically applied counterirri- 
tants cause irritation or mild inflammation of the skin to pro 
vide pain relief to underlying tissues. 3 '4' 8 A consequence of 
the mild inflammation produced by the menthol is increased 
local circulation and tissue temperature, as well as stimulation 
of local nociceptors. 3 '4 The stimulation of the skin nociceptors 
inhibits the transmission of the small, unmyelinated C fibers 
that transmit pain to the higher brain centers while increasing 
the input from the large A beta fibers. 2~4 This process may 
also stimulate the release of endogenous opiates.4 The pro 
posed mechanism of pain relief by trolamine salicylate is 
through its inhibitory effect on prostaglandin biosynthesis at 
a local level. 3 '9
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Objective: Manufacturers of commercially available "thera 
peutic" magnets claim that these magnets cause physiologic 
thermal effects that promote tissue healing. We conducted this 
study to determine if skin or intramuscular temperatures differed 
among magnet, sham, and control treatments during 60 min 
utes of application to the quadriceps muscle.

Design and Setting: A 3 x 3 mixed-model, factorial design 
with repeated measures on both independent variables was 
used. The first independent variable, application duration, had 
3 random levels (20, 40, and 60 minutes). The second inde 
pendent variable, treatment, had 3 fixed levels (magnet, sham, 
and control). The dependent variable was tissue temperature 
(°C). Measurement depth served as a control variable, with 2 
levels: skin and 1 cm below the fat layer. Data were collected 
in a thermoneutral laboratory setting and analyzed using a re 
peated-measures analysis of variance.

Subjects: The study included 13 healthy student volunteers 
(8 men, 5 women; age, 20.5 ± 0.9 years; height, 176.8 ± 10.4

cm; weight, 73.8 ±11.8 kg; anterior thigh skinfold thickness, 
16.9 ± 6.5 mm).

Measurements: Temperatures were measured at 30-second 
intervals using surface and implantable thermocouples. Tem 
perature data at 20, 40, and 60 minutes were used for analysis. 
Each subject received all 3 treatments on different days.

Results: Neither skin nor intramuscular temperatures were 
different across the 3 treatments at any time. For both skin and 
intramuscular temperatures, a statistically significant but not 
clinically meaningful temperature increase (less than 1°C), was 
observed over time within treatments, but this increase was 
similar in all treatment groups.

Conclusions: No meaningful thermal effect was observed with 
any treatment over time, and treatments did not differ from each 
other. We conclude that flexible therapeutic magnets were not ef 
fective for increasing skin or deep temperatures, contradicting one 
of the fundamental claims made by magnet distributors.

Key Words: intramuscular temperature, Hall voltage, bio- 
magnetism

T he use of magnetic fields to aid the body's healing re 
sponse dates back to ancient Egypt and Greece. 1 '2 More 
recently, magnetic fields have been used in the treat 

ment of musculoskeletal injuries, 3"5 nerve dysfunction,6"9 
pain,3 ' 10" 14 fractures, 15" 17 and osteoarthritis. 18 ' 19

Touting information from unpublished studies, 5 '20 magnet 
manufacturers and distributors have claimed that magnetic 
fields are associated with an increase in blood flow. The theory 
behind the use of magnetic fields to increase blood flow stems 
from the physics principle known as the Hall effect. The Hall 
effect is an electromotive force that causes charged particles 
to accumulate with like charges in the presence of a magnetic 
field. 21 '22

The charged particles in blood may, in the presence of a 
magnetic field, accumulate toward like poles. The magnetic 
field-induced voltage produced by this accumulation of 
charged particles against a concentration gradient is known as 
Hall voltage. 22 The movement of these particles is resisted 
because the particles are forced to accumulate against their 
normal direction of flow. This migration against resistance

may cause the production of heat that, in turn, would result in 
blood vessel dilation.

In addition to potential vasodilation, blood flow may be al 
tered by another means. Pratt and Mishra,21 in work with sa 
line solution and glass tubing, suggested that an ionic solution 
had greater flow in the presence of a magnetic field than in 
the absence of the field, independent of the diameter of the 
tube. In an effort to support their claim that magnetic fields 
caused vasodilation, magnet vendors reference the work of 
Pratt and Mishra,21 which was presented at a symposium but 
has not been subsequently published. To date, few investiga 
tors have examined whether magnetic fields alter blood flow 
in vivo.

Today, commercially available "therapeutic" magnets are 
essentially small sources of magnetic fields. Most are con 
structed of rubber impregnated with a magnetic material and 
induce low-level, static magnetic fields with a field strength 
of approximately 0.1 T (1000 G). Many allied health profes 
sionals, as well as many professional, collegiate, and recrea 
tional athletes, use these magnets. However, the usefulness of
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these magnets as a thermal modality able to produce clinically 
significant temperature changes has yet to be examined.

If magnets do, in fact, increase temperature and therefore 
blood flow, they may be effective as a thermal modality. Ad 
ditionally, manufacturers claim that their products' magnetic 
fields have the ability to penetrate tissue more deeply and more 
safely when compared with other deep heating modalities such 
as ultrasound or diathermy. 23 If these claims are accurate, there 
should be a measurable temperature change within the tissues 
during magnet application.

Although therapeutic magnets have been suggested to in 
crease blood flow by increasing tissue temperature, this phe 
nomenon has not been documented experimentally. The pur 
pose of our study was to determine whether a temperature 
change occurs at the skin surface over the quadriceps muscle 
or at a depth of 1 cm below the adipose layer during a 60- 
minute application of magnet, sham, or control treatment. An 
additional purpose was to map the field strength and unifor 
mity for a commercially available magnet.

METHODS

The experimental design of this study was a single-blind, 3 
X 3 mixed-model factorial with repeated measures on both 
independent variables. The first independent variable, appli 
cation duration, had 3 random levels (20, 40, and 60 minutes). 
The second independent variable, treatment, had 3 fixed levels 
(magnet, sham, and control). Measurement depth served as a 
control variable, with 2 levels: skin and 1 cm below the fat 
layer. The dependent variable was tissue temperature (°C).

Subjects
The subjects for this study were 13 university student vol 

unteers (age, 20.5 ± 0.9 years; height, 176.8 ± 10.4 cm; 
weight, 73.8 ± 11.8 kg; thigh skinfold thickness, 16.9 ± 6.5 
mm). Before participating, subjects were given a description 
of the study, signed an informed consent statement, and com 
pleted a health status questionnaire. Inclusion criteria consisted 
of a healthy right leg free from injury and infection and thigh 
skinfold-thickness measurement less than 40 mm. Approval of 
all procedures used in this study was obtained from the 
School's Human Subjects Committee.

Instrumentation
Temperatures were measured with implantable fine-wire 

thermocouples interfaced with an Iso-Thermex 16-channel 
electronic thermometer (Columbus Instruments, Columbus, 
OH). Type T, copper/constantan thermocouples (Model TX- 
31, Columbus Instruments) were used to measure thigh skin 
and ambient temperature of the room. Intratissue temperature 
was measured with implantable thermocouples (diameter, 0.4 
mm) encased in a Teflon sheath (Model TX-23-21, Columbus 
Instruments). This equipment is accurate within ±1%24 and 
was recently calibrated.

Thigh skinfold-thickness measurements were made with 
calipers (Lafayette Instruments, Lafayette, IN) as described by 
Michael and Katch.25 Measurements for magnet field strength 
and uniformity were made with a gauss meter (Model 908, 
Magnetic Instruments, Indianapolis, IN). Statistical analyses 
were performed using SPSS for Windows (version 8.0, SPSS, 
Inc, Chicago, IL).

Testing Procedures

Tissue temperature measurements were made using a pro 
tocol previously described by Merrick et al.26 During each 
testing session, subjects assumed a supine position on a stan 
dard treatment table. A 2 X 2-cm area of the anterior thigh, 
midway between the patella and anterior superior iliac spine, 
was cleansed with an alcohol pad for 10 seconds. A sterilized, 
implantable thermocouple was inserted into a 21-gauge hy 
podermic needle until the tip of the thermocouple was visible 
but not protruding into the bevel of the needle.

The loaded hypodermic needle was inserted perpendicularly 
through the skin directly in the center of the cleansed area. 
The insertion depth for the thermocouple was 1 cm beyond 
the adipose layer. The adipose layer thickness was determined 
through a previously used method26 of halving the skinfold- 
thickness measurement.

The depth of insertion for each thermocouple was controlled 
using a mark made 5 cm from the tip of the thermocouple. 
The correct insertion depth was achieved by measuring the 
distance from the skin surface to these marks. Once the proper 
depth was achieved, the hypodermic needle was removed by 
pulling upward, along the thermocouple lead, leaving the ther 
mocouple in place. Insertion depth was then remeasured, and 
lead wires were secured with Dermiclear tape (Johnson & 
Johnson, New Brunswick, NJ) directly over the insertion site 
and 2 cm distally. Latex gloves and universal precautions were 
used during insertion and extraction of the thermocouples. The 
skin-surface thermocouple was placed 1 cm distal to the in 
serted thermocouple and secured with Dermiclear tape.

Subjects did not receive any anesthesia before insertion of 
the thermocouple. Because flexible, fine-wire thermocouples 
were used rather than more rigid needle thermistors, subject 
discomfort was minimal. In fact, the only discomfort to the 
subject was from the initial needle stick. Once the needle was 
removed, most subjects reported no discomfort, and many stat 
ed that they were unable to feel the implanted thermocouple. 

After thermocouple insertion, subjects lay supine for ap 
proximately 2 minutes to allow temperature to stabilize. At the 
end of those 2 minutes, a temperature reading was taken, and 
1 of the 3 treatments (magnet, sham, or control) was applied. 
Immediately after treatment application, temperature measure 
ments were taken at 30-second intervals for the duration of 
the treatment, a total of 60 minutes. At least 24 hours passed 
between subsequent experimental sessions.

A single 5X11-cm commercially available magnet (Nik- 
ken Inc, Los Angeles, CA) was used for all magnet treatments 
in this study in an effort to eliminate any between-magnet 
differences that might skew our results. This magnet was ad 
vertised as having field strength of 700 G (0.07 T) and prop 
erties capable of producing a low-level, homogeneous, direct- 
current static magnetic field. Before the study, the magnet's 
field strength and uniformity were measured using a gauss 
meter at arbitrarily selected points on the treatment surface. 
The meter reports field strength in gauss, and measurements 
of the field strength were made at points approximately 3 cm 
apart in a grid pattern over the side of the magnet to be applied 
to the patient. These measurements allowed for a comparison 
of advertised magnet strength with actual strength and also 
allowed some conclusion to be made about the uniformity of 
the field strength across the entire surface of the magnet.

The sham treatment was identical in size, thickness, and 
mass to the magnet but was made from silicone rubber and
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Skin and Intramuscular Temperatures for All Treatments*

Magnet Sham Control

Time (min) Skin Intramuscular Skin Intramuscular Skin

*Values are mean ± SD temperatures (°C).

Intramuscular

0
20
40
60

31.53 ±
31.74 ±
32.18 ±
32.27 ±

1.32
1.19
1.39
1.39

33.95 ± 1.51
33.98 ± 1.51
34.14 ± 1.53
34.17 ± 1.57

31.33 ±
31.53 ±
32.12 ±
32.32 ±

1.24
1.06
1.21
1.34

34.30 ±
34.38 ±
34.51 ±
34.65 ±

1.10
1.00
0.96
0.97

31.35 ±
31.33 ±
31.31 ±
31.32 ±

1.26
1.21
1.21
1.35

34.18 ±
34.27 ±
34.19 ±
33.96 ±

1.28
1.30
1.36
1.37

cork with no magnetic properties. Both the magnet and sham 
were covered with a checkerboard-patterned contact paper, 
making them identical in appearance. The magnet or sham was 
placed directly over the implanted and surface thermocouples 
and secured in place with pieces of Dermiclear tape. Control 
treatments consisted of temperature measurement only.

At the end of the 60-minute treatment, the thermocouple 
was removed, and a sterile adhesive bandage was applied to 
the insertion area. Subjects were given written instructions on 
wound care and infection and were scheduled for their next 
data-collection session as needed. After removal, the thermo 
couples were disinfected with Cidex Plus 2.4% glutaraldehyde 
solution (Johnson & Johnson Medical Inc, Arlington, TX). 27 
Hypodermic needles were used once and then discarded in an 
appropriate container for disposal.

Statistical Analysis
We performed a 3 X 3 factorial analysis of variance to 

determine if tissue temperatures differed across the treatments 
over time. Bonferroni post hoc analysis was used for simple 
main-effects pairwise comparison of interactions observed 
with the analysis of variance. The level of significance was set 
a priori at P < .05.

RESULTS

Magnet Field Strength and Uniformity
From measurements made with a gauss meter at arbitrarily 

selected points, we found that the field strength of the magnet 
was quite variable and ranged from 6 G to 537 G, somewhat 
lower than the advertised field strength of 700 G. We could 
not calculate average field strength for the entire magnet. It 
was not feasible to measure field strength at every possible 
point on the magnet's surface because of the complex pattern 
of the magnetic elements within the magnet.

Skin and Intramuscular Temperatures
Ambient temperature during data collection averaged 22.3° 

± 0.5°C. Skin and intramuscular temperatures for all treat 
ments are reported in the Table. For intramuscular tempera 
tures, a significant interaction was observed between treatment 
and time (F448 = 9.2, P < .001). Post hoc analysis revealed 
a difference for sham treatment between 20 and 60 minutes 
(P = .041) and between 40 and 60 minutes (P = .049). A 
difference was also observed for the control group between 20 
and 60 minutes (P = .042). Although treatments did not differ 
from each other at any time, intramuscular temperatures had 
a tendency to rise very slightly for both the magnet and sham 
groups over the course of the treatment (Figure 1).

40- 
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Time (min )
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Figure 1. Intramuscular temperatures did not differ among magnet, 
sham, and control treatments.
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Figure 2. Skin temperatures did not differ among magnet, sham, 
and control treatments.

For skin temperatures, a significant interaction was also ob 
served between treatment and time (F448 = 9.93, P < .001). 
Post hoc analysis revealed a difference for the magnet treat 
ment between 20 and 60 minutes (P — .044), and for sham 
treatment, a difference between 20 and 40 minutes (P — .003) 
and 20 and 60 minutes (P = .012). Again, although no dif 
ference was observed among any of the treatments at any time, 
skin temperature also had a tendency to rise slightly for the 
magnet and sham groups over time (Figure 2).

DISCUSSION
The physics phenomenon that magnet manufacturers com 

monly use to explain the usefulness of their product is the Hall 
effect. In their advertising materials, manufacturers make an 
unsupported leap from the Hall effect to vasodilation by sug-
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gesting that a Hall voltage is produced in the vasculature and 
that this voltage results in an increase in tissue temperature 
and a concomitant increase in blood flow.20"22 '28 They suggest 
that the thermal effects produced by therapeutic magnets 
would be similar to other deep-acting thermal modalities, such 
as ultrasound or diathermy. 29-32 They also suggest that the 
increase in perfusion supposedly produced by the magnets can 
be used to aid tissue repair, promote circulation, and reduce 
pain.29"32 The Food and Drug Administration has yet to ap 
prove magnet therapy, although it is currently under investi 
gation by the National Institutes of Health. 33 - 34 To date, the 
Food and Drug Administration has only restricted the use of 
magnetic fields that exceed 1000 G. 3 As a result, magnet man 
ufacturers have been able to advertise their products as a treat 
ment for virtually any musculoskeletal disorder. 3 Today many 
professional athletes33 '35 '36 and celebrities are strong support 
ers of magnetic therapy. Their support has influenced the 
spending of more than $500 million on magnet products in 
1997 alone. 33

In addition to advertising with celebrity and athlete endorse 
ments, magnet vendors also commonly distribute advertising 
pamphlets,5 '20 which contain the results of unpublished "med 
ical studies" that support the use of their products. In these 
"studies," magnet vendors make claims of increased circula 
tion and temperature changes up to 3°C within 30 minutes of 
application of therapeutic magnets. Yet, an examination of the 
peer-reviewed literature regarding temperature changes with 
magnets reveals only 1 paper. Tenforde37 observed no thermal 
effect in rodents exposed to a high-intensity stationary mag 
netic field of 7.55 T. The magnetic field used in Tenforde's 
paper had a field strength 75 times the strength of most com 
mercial therapeutic magnets, which typically have advertised 
field strengths of less than 0.1 T (1000 G).

In no prior studies have researchers examined the thermal 
effects of commercial therapeutic magnets. If the claims of the 
magnet manufacturers and vendors are correct, we should have 
observed an increase in tissue temperature during application 
of the magnet, and this increase should have been greater than 
any temperature increase observed during the sham or control 
conditions. We observed no such difference between treatment 
conditions. Although temperature did increase very slightly 
during both the 60-minute sham and magnet treatments, the 
increases were similar across the treatments, very small in 
magnitude (intramuscular increase of approximately 0.2°C, 
skin increase of approximately 0.8°C), and can most likely be 
explained by the insulating property of the magnet or sham 
preventing some small degree of heat loss to the environment 
during the treatment. It is unlikely that this temperature in 
crease was the result of inflammation from the thermocouple 
insertion because it was not observed in the control group. 
From our results, we conclude that the application of thera 
peutic magnets did not increase either skin or intramuscular 
temperature when compared with a sham or control. Because 
no temperature effects were observed, claims based on these 
effects, such as vasodilation and increased blood flow, are at 
best unlikely, particularly considering that the field strength of 
these magnets may not be as great as advertised.

Our lack of an observable effect with therapeutic magnets 
is not unique. Borsa and Liggett3 examined the effect of mag 
nets on pain perception, range of motion, and muscle strength 
after muscle microinjury. They observed no significant thera 
peutic effect on any of the variables studied.

The ability of therapeutic magnets to effectively increase

tissue temperature is not supported by our findings. In fact, 
our results are in direct opposition to a fundamental claim of 
magnet manufacturers. It should be noted, however, that the 
magnet we used had a measured field strength that was con 
siderably less than advertised and that the field strength was 
not uniform across the surface of the magnet. Had the mag 
net's field strength actually been 700 G, as advertised, it is 
possible, although unlikely, that our results might have been 
different. The less-than-advertised field strength of the magnet 
is somewhat troubling. Although it is probably not appropriate 
to draw meaningful conclusions about the accuracy of magnet 
strength claims based upon our experience with a single mag 
net, our study does provide some grounds for questioning 
these claims.

CONCLUSIONS
In this study, we attempted to document thermal effects of 

therapeutic magnets both at the skin surface and at 1 cm sub- 
adipose in healthy human thighs during 60 minutes of magnet 
application. We observed no difference in temperature among 
magnet, sham, and control treatments at any point during the 
treatments. We conclude that flexible therapeutic magnets did 
not affect tissue temperatures, that manufacturers' claims re 
garding thermal effects are unwarranted, and that any claims 
based directly on these presumed thermal effects are at best 
dubious. Additionally, some concern is raised regarding the 
actual versus advertised field strength of these magnets.
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Objective: To investigate the relationship between the 
amount of overlying adipose and intramuscular temperature 
change during and after a 20-minute crushed-ice pack treat 
ment.

Design and Setting: Subjects were divided into 3 equal 
groups according to calf skinfold thickness: 8 mm or less, 10 to 
18 mm, and 20 mm or greater. Intramuscular temperature was 
monitored at 1 cm and 3 cm below the subcutaneous fat in the 
left medial calf during and after a 1.8-kg crushed-ice pack treat 
ment.

Subjects: Thirty uninjured college students volunteered to be 
subjects.

Measurements: Intramuscular temperature was recorded 
every 10 seconds over a 20-minute treatment and for 30 min 
utes posttreatment.

Results: Intramuscular temperature decreases between ad 
ipose groups at the end of treatment at both 1 cm and 3 cm 
below the subcutaneous fat were significantly different. At 1 cm

within the muscle, the temperature decreases were 14.43°C, 
9.06°C, and 5.00°C for 8-mm or less, 10- to 18-mm, and 20- 
mm or greater skinfolds, respectively. At 3 cm, temperatures 
were 6.22°C, 3.86°C, and 2.42°C, respectively. By 30 minutes 
posttreatment at 1 cm, the 8-mm or less and 10- to 18-mm 
groups rewarmed 5.39°C and 2.22°C, respectively, but the 20- 
mm or greater group was 0.49°C colder than at the conclusion 
of the treatment. At 3 cm, temperatures in all 3 groups were 
colder at 30 minutes posttreatment than they were at the end 
of the treatment, 1.63°C, 1.83°C, and 2.10°C for 8-mm or less, 
10- to 18-mm, and 20-mm or greater skinfolds, respectively.

Conclusions: The amount of adipose over the therapy site 
is a significant factor in the extent of intramuscular temperature 
change that occurs during and after cryotherapy. Adipose 
should, therefore, be taken into account in determining appro 
priate treatment protocols.

Key Words: ice, fat, cooling, rewarming

I n ancient times, Hippocrates advocated the therapeutic use 
of ice and snow. 1 '2 An athletic trainer, Don Bennett, in an 
article appearing in the 1961 winter issue of Athletic Train 

ing, has been credited with publishing "one of the first, if not 
the very first, mention of cold therapy for athletic injuries in 
the American literature." 3 Not long after, Grant4 and Hayden5 
published their classic articles on cryokinetics. Today, cryo 
therapy, the therapeutic use of cold, is the focal point for the 
immediate management of musculoskeletal injury, and cry 
okinetics, alternating ice and exercise, is frequently used dur 
ing the rehabilitation of these injuries. 1 '2 '6"9

Cryotherapy has been shown to minimize the inflammatory 
response of acute musculoskeletal injury while maximizing 
functional recovery.7 When applying ice, a temperature gradient 
is obvious, with the skin cooling immediately, subcutaneous 
tissue next, and a delayed response in the muscle. 1 '7 ' 8 ' 10" 12 Myr 
er et al 13 developed a list of primary and secondary factors 
that account for the amount of intramuscular temperature 
change brought about by the use of superficial heat or cold

modalities. The primary factors are the temperature gradient 
between the agent applied and the body surface to which it is 
applied, 1 '2 ' 10' 12 ' 14" 17 the region and surface area over which 
the agent is applied,2 ' 10' 12 ' 15 ' 18 the duration of the treat 
ment, 1 '2 ' 7 ' 10 ' 14" 17 and the depth at which the tissue temperature 
is measured. 1 '2 ' 15 ' 17 ' 19 The secondary factors are the rate of 
blood flow to the tissue and the local metabolic rate,7 ' 12 '20"23 
individual variability, 10'24'25 the sympathetic vasomotor integ 
rity,7 - 12 and the amount of integument surrounding the mUS- 
cle 2,7,8,10,14,17,24-26

Many researchers have written of the relative insulating val 
ue of fat,* but their findings with regard to cryotherapy have 
not been in agreement. Cheek and abdominal skinfold mea 
surements, as well as somatotype assessment, did not correlate 
well with intramuscular temperature change in the gastrocne- 
mius. 12 A recent study27 examined the relationship between 
both body fat percentage and calf subcutaneous thickness with

* References 2, 7, 8, 10, 13, 15, 17, 18, 24-27.
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intramuscular temperature change due to ice massage and ice 
bag therapy. The authors concluded, ". . .the results of this 
study do not support the hypothesized insulating effects of 
subcutaneous fat during cryotherapy treatment in a sample of 
intercollegiate athletes." 27 Other research on the effect of 
overall percentage of body fat24 and site-specific adipose 14 has 
demonstrated a significant inverse relationship between the 
amount of subcutaneous fat and intramuscular temperature 
change. Merrick et al26 stated, "The thickness of the adipose 
tissue is a major point in determining the rate of temperature 
decrease, as well as the absolute temperature decrease." In 
spite of the general acceptance of this statement, we were un 
able to find any controlled research that specifically examined 
the relationship between the amount of subcutaneous adipose 
and intramuscular temperature change via cryotherapy over a 
relatively wide range of skinfold measurements. To fill this 
void, the purpose of our study was to investigate the relation 
ship between the amount of overlying adipose and intramus 
cular temperature change during a 20-minute application of a 
crushed-ice pack treatment and for 30 minutes posttreatment.

METHODS

Subjects
Thirty healthy college students (12 women and 18 men; age, 

24.3 ± 5.2 years; height, 175.1 ± 8.3 cm; weight, 70.8 ± 
10.7 kg; calf skinfold thickness, 15.5 ± 8.7 mm, range, 3.8 
to 35.3 mm) volunteered and signed the University Institu 
tional Review Board-approved consent form to become sub 
jects. The Board also approved the study.

Procedures
Any subject with a history of peripheral vascular disease or 

allergy to cephalexin hydrochloride was excluded from the 
study. We measured the skinfold thickness of the posterior left 
lower leg, at the visually determined greatest girth, using a 
Lange Skinfold Caliper (Cambridge Scientific Industries, Ltd, 
Cambridge, MD) with the subject standing and the weight 
borne on the right leg. Subjects were divided into 3 equal 
groups according to the skinfold measurement: group 1, 8 mm 
or less (6.5 ± 1.4 mm); group 2, 10 to 18 mm (14.1 ± 2.6 
mm); group 3, 20 mm or greater (25.7 ± 5.4 mm). The skin- 
fold measurement was divided by 2 to determine the depth of 
subcutaneous fat over each subject's gastrocnemius. 13

To minimize the risk of infection from the insertion of the 
hypodermic needle microprobes into the intramuscular tissue, 
each subject took one 500-mg dose of cephalexin hydrochlo 
ride immediately before the experiment and 3 similar doses at 
6-hour intervals at the conclusion of the experiment. 13 Sub 
jects assumed a prone position on a standard examining table. 
We cleansed a 4 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 prep pad. 
Before and after each use, the 26-gauge hypodermic needle 
microprobes (Physitemp MT-26/2 and MT-26/4, Physitemp In 
struments, Inc, Clifton, NJ) were washed with soap and water. 
We then performed high-level disinfection of the hypodermic 
needle microprobes by placing them in Cidex (Johnson & 
Johnson, New Brunswick, NJ) for at least 40 minutes and 
washed the Cidex from the probes with sterile water.

Using sterile technique, an advanced-practice registered

nurse (G.J.M.) placed the 2 probes at 1 cm (MT-26/2) and 3 
cm (MT-26/4), respectively, beneath the subcutaneous fat in 
the left medial calf. Insertion depths were controlled by mark 
ing on the medial side of the calf the appropriate vertical dis 
tance [0.5(skinfold measurement) + 1 or 3 cm, respectively] 
from the posterior surface of the lower leg using a caliper and 
inserting the microprobes parallel to the frontal plane. 13 The 
probes were secured at the insertion sites with a piece of 
Transpore clear tape (3M Health Care, St Paul, MN) measur 
ing 2.54 cm X 3.75 cm. The probes were then connected to 
an electronic thermocouple (Columbus Instruments, Iso-Ther- 
mex 16-channel, Columbus, OH) and, after 3 minutes, the 
baseline intramuscular temperature was recorded. After the 
baseline temperature was recorded, we placed a 1.8-kg 
crushed-ice pack (approximately 25 cm X 30 cm X 5 cm) 
directly over the triceps surae muscle group of each subject 
for 20 minutes. We recorded intramuscular temperature, to the 
nearest 0.01°C, every 10 seconds over the entire 20-minute 
treatment and for 30 minutes posttreatment.

After the probes were removed, the limb was dried and 
swabbed with a 70% isopropyl alcohol prep pad. To ensure 
that ambient room temperature did not affect muscle temper 
ature, room temperature was monitored during the experiment 
using a thermocouple (Model TX-31, Columbus Instruments) 
interfaced to the Iso-Thermex.

Data Analysis
Our independent variables were adipose group, depth of 

measurement, and time. Our dependent variable was temper 
ature. Although temperature measurements were available ev 
ery 10 seconds, the measurements of primary interest were 
taken at baseline (T0), end of ice treatment (T2o), and 30 min 
utes after ice treatment (T50). As a preliminary test to identify 
the existence of overall differences between adipose groups, 
we performed a multivariate analysis of variance (MANOVA) 
on the 3 time points of primary interest gathered for each 
subject. We calculated temperature change from baseline (T0) 
to the end of the treatment (T2o) and from T2o to the end of 
the posttreatment period (T50). Analysis of variance (ANOVA) 
was used to determine if differences in mean temperature 
changes between adipose groups existed at each depth during 
treatment (T0-T2o) and posttreatment (T20-T50). When differ 
ences were found, we used the Duncan multiple-range tests 
post hoc to determine where these differences occurred. An a 
level of P < .05 was used for all statistical analyses. We also 
calculated rates of temperature change for each adipose group 
at both depths over the treatment and posttreatment. Differ 
ences between adipose groups were examined by the use of t 
tests. To account for the multiple t tests, a Bonferroni correc 
tion factor was employed. We also determined each adipose 
group's lowest temperature and the time when it occurred.

RESULTS
The MANOVA revealed significant differences in temper 

ature change over time among adipose groups (F2 27 = 5.63, 
P < .0091) and depths (F,,27 = 33.84, P < .0001) and a 
nonsignificant group-by-depth interaction (F2 27 = 0.54, P - 
.5906). Figure 1 shows mean intramuscular temperatures 
throughout the treatment and the posttreatment period for the 
3 adipose groups at 1 cm below the subcutaneous fat. Figure 
2 shows the same information at 3 cm below the subcutaneous
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Table 1. Temperature Changes by Adipose Group, Depth of Measurement and Time*

Depth of 
Measure 

ment

Baseline TO to T20t T20 to T50t T0 to T50§

1 cm 3 cm 1 cm 3 cm 1 cm 3 cm 1 cm 3 cm

Adipose group
Group 1 35.24 ± 0.88 36.26 ± 0.49 -14.43 ± 4.57 -6.22 ± 2.69 5.39 ± 3.83 
Group 2 35.54 ± 1.20 36.53 ± 0.93 -9.06 ± 4.00 -3.86 ± 1.75 2.22 ± 2.74 
Group 3 35.54 ± 0.65 36.36 ± 0.68 -5.00 ± 2.07 -2.42 ± 0.96 -0.49 ± 1.58

-1.63 ±1.99 -9.04 ±1.47 -7.85 ±1.45
-1.83 ±1.01 -6.84 ± 2.43 -5.69 ±1.92
-2.10 ± 0.88 -5.48 ± 2.02 -4.52 ±1.69

*Values are expressed as mean ± SD temperature changes (°C). Skinfold thicknesses were <8 mm in group 1, 10-18 mm in group 2, and >20 mm
in group 3.
tBaseline to end of treatment.
tEnd of treatment to end of posttreatment period.
§Baseline to end of posttreatment period.

Table 2. Maximum Temperature Decrease and Time to Maximum Temperature Decrease From Beginning of Treatment by Adipose 
Group and Depth of Measurement*

Depth of Measurement 
1 cm 
3 cm

Group 1 (

Decrease, °C

15.27 ± 4.50 
9.08 ± 2.16

|< 8 mm)

Time, min

22.97 ± 3.96 
34.33 ± 5.11

Group 2 (10-18 mm)

Decrease, °C

10.62 ± 4.62 
6.23 ± 2.54

Time, min

25.63 ± 4.62 
37.18 ± 5.79

Group 3 (

Decrease, °C

6.13 ± 4.44 
NA

> 20 mm)

Time, min

28.87 ± 4.45 
NA

*Values are expressed as means ± SD. NA indicates values could not be estimated because the mean temperature continued to decrease at 
the end of the posttreatment period (50-minute mark).

Table 3. Rate of Temperature Change by Adipose Group and 
Depth of Measurement During Treatment and the Posttreatment 
Period*

Depth of
Measurement

Adipose group
Group 1
Group 2
Group 3

Treatment

1 cm

-0.72f
-0.45
-0.25

3 cm

-0.31
-0.19
-0.12

Posttreatment Period

1 cm

0.18
0.07
0.02

3 cm

-0.05
-0.06
-0.07

"Values are expressed as °C/min.
flndicates temperature was decreasing. Skinfold thicknesses were <8
mm in group 1, 10-18 mm in group 2, and >20 mm in group 3.

fat. Table 1 presents the means and standard deviations of the 
intramuscular temperature changes for the 3 adipose groups 
from TO to T2o, from T2o to T50, and from T0 to T50, for both 
depths. Table 2 presents the means and standard deviations of 
maximum temperature decrease and time to maximum de 
crease from the beginning of treatment by adipose group and 
depth. Table 3 presents the rate of temperature change per 
minute for each adipose group during the treatment and the 
posttreatment period.

Treatment
The ANOVAs showed significant intramuscular tempera 

ture differences among adipose groups at both the 1-cm (F2)27

20 30

Time (min)
20 30

Time (min)

Figure 1. 
intervals 
for the 3

Mean intramuscular temperatures recorded at 10-second Figure 2. Mean intramuscular temperatures recorded at 10-second
throughout the treatment and the posttreatment period intervals throughout the treatment and the posttreatment period
adipose groups at 1 cm below the subcutaneous fat. for the 3 adipose groups at 3 cm below the subcutaneous fat.
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= 16.35, P < .0001) and 3-cm (F2j27 = 9.78, P < .0006) 
depths during the treatment. The Duncan multiple-range tests 
revealed significant differences among all 3 adipose groups 
in temperatures at the 1-cm depth. At the 3-cm depth, how 
ever, temperatures in adipose group 1 were significantly dif 
ferent from temperatures in groups 2 and 3, but temperatures 
in groups 2 and 3 were not significantly different from each 
other.

A significant difference in the rate of temperature decrease 
among adipose groups at the 1-cm depth was noted (Table 
3). With the Bonferroni correction, the rate of decrease for 
group 1 was significantly greater than that for group 3. The 
difference between the rate of decrease between groups 1 and 
2 approached significance. At the 3-cm depth, the rate of 
decrease for group 1 was significantly greater than the rates 
of decrease for both groups 2 and 3. The rates of decrease 
in groups 2 and 3 were not significantly different from each 
other.

Posttreatment Period
Significant intramuscular temperature differences were seen 

among adipose groups at the 1-cm depth (F227 = 10.52, P < 
.0004) but not at the 3-cm depth (F2i27 = 0.29, P = .7538). 
For the 1-cm depth, the Duncan multiple-range tests revealed 
that the temperature change during the posttreatment period 
was not significantly different between groups 1 and 2, but 
changes were significantly different from those in group 3. The 
rate of intramuscular temperature change per minute during 
the posttreatment period at 1 cm below the subcutaneous fat 
revealed only that the rate of change in adipose group 1 was 
significantly different from that in group 3.

The rate of temperature change at 3 cm below the subcu 
taneous fat was not significantly different among any of the 
adipose groups. The room temperature of the laboratory varied 
little during the time we collected data (24.17° ± 0.32°C).

DISCUSSION

Clinically, cryotherapy is applied topically, but the muscles 
or ligaments situated below the integument are almost always 
the target tissues. Zemke et al,27 stated in their introduction 
that "subcutaneous fat at a treatment site may influence not 
only the lowest temperature achieved during and after the ap 
plication of the cryotherapy mode, it may also affect the rate 
of change in intramuscular temperature and may play a role 
in the duration of intramuscular temperature depression." 
They failed to prove these assertions and suggested that the 
narrow range of body fat percentage and their small sample 
size may have limited the generalizability of their results. Our 
results clearly indicate that, when examined over a relatively 
wide range of skinfold thicknesses (3.8 to 35.3 mm), subcu 
taneous fat is a significant factor in the magnitude and rate of 
intramuscular cooling during cryotherapy treatment and re- 
warming after treatment. Our results agree with previous re 
search indicating that a significant inverse relationship exists 
between the amount of subcutaneous fat and intramuscular 
temperature change. 14 '24 '26 There was a significant inverse re 
lationship between skinfold thickness, or overlying adipose, 
and the magnitudes and rates of intramuscular temperature 
change at the 1-cm depth during both the treatment and the 
posttreatment period. At 1 cm below the subcutaneous fat, 
group 1 (8-mm or less skinfold) experienced an intramuscular

temperature decrease of 14.43°C at a rate of 0.72°C /min. 
Group 3 (20-mm or greater skinfold) had decreases in rates 
and magnitudes of intramuscular temperature approximately 
one third of those of group 1 (decrease, 5.00°C; rate, 0.25°C/ 
min). Group 2 (10- to 18-mm skinfold) had values very close 
to the means of groups 1 and 3 (decrease, 9.06°C; rate, 0.45°C/ 
min). For all groups, the intramuscular temperature continued 
to decrease after the cryotherapy treatment had ceased. This 
finding is also in agreement with most of the previous re 
search. 1.7,11,24,26-28 f^g more overlying adipose, the greater 
the amount of time that was required in the posttreatment pe 
riod before maximum cooling was obtained (Table 2). In fact, 
we were unable to establish the minimum temperature for 
group 3 at 3 cm below the subcutaneous fat because the mus 
cle continued to get colder over the entire 30-minute posttreat 
ment period. At the 1-cm depth, by the end of the 30-minute 
posttreatment period, temperatures in groups 1 and 2 rose 
above what they were at the end of the treatment, but tem 
peratures in group 3 remained below values at the end of treat 
ment.

The depth of the target tissue is also an important factor in 
cryotherapy. 1 '2 ' 15 ' 17 ' 19 The deeper the target tissue, the longer 
it takes to cool and rewarm the tissue. Across adipose groups, 
the intramuscular tissue at 3 cm cooled to approximately 45% 
of the temperature of the muscle at 1 cm below the subcuta 
neous fat by the end of the 20-minute treatment. With increas 
ing muscle depth, the overlying adipose appears to be less of 
a factor: only in group 1 were the magnitude and rate of tem 
perature decrease significantly different from those in groups 
2 and 3 during the treatment. At our deeper depth (3 cm into 
the muscle), after the medium amount of overlying adipose 
was reached (group 2), further amounts of adipose apparently 
had little effect on the rate or magnitude of temperature 
change. No difference in rewarming was found among adipose 
groups at the 3-cm depth.

Although the exact therapeutic time range needed to ensure 
the benefits of cryotherapy has not as yet been determined, 
the secondary injury models suggest that the sooner the target 
tissue temperature is lowered, the less secondary injury will 
occur. 29 '30 Our results indicate that the amount of adipose over 
the target tissue significantly affects both the rate and magni 
tude of cooling that take place in the underlying target tissue 
and, therefore, is an important factor in the efficacy of cryo 
therapy treatment.

CONCLUSIONS
A significant inverse relationship exists between overlying 

adipose and intramuscular temperature change during and after 
cryotherapy treatment when examined over a relatively wide 
range of skinfold thicknesses. It appears that overlying adipose 
becomes less of a factor the deeper into the target tissue one 
goes. Therefore, the depth of the target tissue and the amount 
of overlying adipose should be accounted for in determining 
treatment time when applying cryotherapy.
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Objective: We examined whether muscle response times 
and activation patterns in the lower extremity differed between 
men and women in response to a rotational knee perturbation 
while standing in a single-leg, weight-bearing stance.

Design and Setting: We used a lower extremity perturbation 
device to produce a sudden, forward, and either internal or ex 
ternal rotation moment of the trunk and femur relative to the 
weight-bearing tibia. Subjects completed 10 trials of both inter 
nal and external rotation perturbation; the first 5 acceptable tri 
als were averaged and used for data analysis. Two separate, 
repeated-measures analyses of variance were used to compare 
myoelectric response times and activation patterns between 
men and women for both internal and external rotation pertur 
bation.

Subjects: Thirty-two female (19 lacrosse, 13 soccer) and 32 
male (lacrosse) healthy intercollegiate athletes participated in 
the study.

Measurements: We used surface electromyography to re 
cord long latency reflex times of the medial and lateral quadri 
ceps, hamstring, and gastrocnemius muscles.

Results: Women responded faster than men, primarily due 
to a shorter latency in quadriceps activation. However, men and 
women exhibited no difference in muscle-recruitment order.

Conclusions: Although men and women demonstrated sim 
ilar muscle-recruitment patterns to an imposed lower extremity 
perturbation, women tended to activate their quadriceps earlier 
than men. Whether this earlier quadriceps activation diminishes 
the ability of the hamstrings to adequately stabilize the knee 
joint or subjects the anterior cruciate ligament to greater risk of 
injury is still unknown and requires further study. Furthermore, 
although surface electromyography and measurement of myo 
electric response times are useful in evaluating the timing, ac 
tivation order, and coactivity patterns of the knee musculature, 
future studies should evaluate sex differences across the com 
plete response continuum, including measures of intrinsic mus 
cle stiffness, electromechanical delay, and time to force pro 
duction.

Key Words: electromyography, long latency reflex, anterior 
cruciate ligament

T he higher incidence of anterior cruciate ligament (ACL) 
injury in female athletes is well known, particularly in 
sports such as basketball and soccer that require run 

ning, cutting, jumping, and sudden deceleration. Although 
many investigators have attempted to identify potential pre 
disposing factors to explain the higher rate of injuries in wom 
en, research to date has failed to conclusively demonstrate the 
relationship of any 1 variable to ACL injury risk. To address 
this issue, the American Orthopaedic Society for Sports Med 
icine, the Orthopaedic Research and Education Foundation, the 
National Collegiate Athletic Association, and the National 
Athletic Trainers' Association Research and Education Foun 
dation cosponsored a scientific workshop on noncontact ACL 
injuries on June 10, 1999, in Hunt Valley, MD. 1 Physicians,

biomechanists, and certified athletic trainers with expertise in 
ACL research were brought together to form a scientifically 
based consensus on what is known regarding ACL injury risk 
factors and to provide direction for future research. Of the 4 
general categories of ACL risk factors considered (anatomical, 
environmental, hormonal, and biomechanical), the group con 
sensus was that sex differences in neuromuscular and biome 
chanical function may be the most compelling factors to ex 
plain the different rates of injury in men and women.

Considerable attention in recent years has focused on how 
the muscles about the knee respond when the joint is subject 
to stress. Failure of the ACL occurs when large mechanical 
forces are imposed on the knee joint during dynamic activity 
and exceed the capacity of the stabilizing structures.2 Although

Journal of Athletic Training 37



the ACL provides most of the static restraint to anterior tibial 
translation, 3 the joint forces incurred in sport go well beyond 
the capacity of the static restraints, requiring the assistance of 
active muscle forces to maintain joint equilibrium. 2 '4 '5 In par 
ticular, timely activation of the hamstring muscles can assist 
in protecting the ACL from mechanical strain by stabilizing 
the tibia, thus reducing anterior and rotary tibial translation.6 '7 

Efficient neuromuscular control is essential to dynamic 
joint stiffening and protective stabilization. 2 ' 6" 13 Neuromus 
cular control of knee stability is provided through both in 
tentional (preparatory) and reactive (reflexive) responses that 
are mediated by proprioceptive feed-forward and feedback 
mechanisms, respectively. 10 - 14 Specific neuromuscular fac 
tors that contribute to knee stability include active muscle 
stiffness 15" 17 and reflexive muscular activation (reflex latency 
and electromechanical delay). 10 ' 18"22 Furthermore, muscle 
coactivity6"8 ' 11 ' 12 ' 23 and recruitment patterns23"25 also influ 
ence knee stability. Hence, any factor that delays or inhibits
1 or more of these neuromuscular factors compromises knee 
stability and increases the risk of ACL injury.

The presence of any difference in muscular response char 
acteristics between men and women could be a significant 
finding in our assessment of neuromuscular factors that may 
influence ACL injury risk in the female athlete. To date, very 
few studies have evaluated sex differences in neuromuscular 
response characteristics.24'26 '27 Bell and Jacobs26 and Winter 
and Brookes27 found no differences in myoelectric response 
times for reactive elbow flexion and ankle plantar flexion, re 
spectively, but did find the time delay between neural activa 
tion and tension development (electromechanical delay) sig 
nificantly longer in women compared with men. However, 
these studies evaluated voluntary rather than reflex response 
times, and whether similar responses exist at the knee is un 
known.

Huston and Wojtys24 appeared to be the first to comprehen 
sively and specifically address sex differences in reflex re 
sponse times at the knee. Using an anterior tibial translation 
device first described by Wojtys and Huston,25 they evaluated 
reflex response times and recruitment patterns in men and 
women after an unanticipated, anteriorly directed force applied 
to the tibia. Although they found no significant differences in 
muscle reaction times, female athletes tended to recruit their 
quadriceps first more often than male athletes or nonathlete 
controls, who more often recruited their hamstrings first in 
response to the perturbation. Although their work is significant 
in that it appears to be the first to specifically address sex 
differences at the knee, the type of sport and the training of 
the female athletes (basketball, field hockey, gymnastics, and 
volleyball athletes) were quite different from those of the male 
athletes (football) recruited for the study. Other research by 
these authors5 ' 28 indicated that the type of training (isotonic 
versus isokinetic versus agility) and level of training (ie, fa 
tigue) can also influence neuromuscular response times. 
Hence, the difference in skill and training background of the
2 athlete groups may have introduced a potential confounding 
variable in their assessment of sex differences. Further re 
search addressing sex differences at the knee while controlling 
for sport and training background is needed.

From the limited research available, it is apparent that more 
research is needed to determine the influence of sex on neu 
romuscular response characteristics at the knee, and, thus, their 
potential role in ACL injury risk. Additionally, we need to 
assess these differences in a functional manner that is consis-

Table 1. Physical Characteristics and Training History*

Characteristic or 
Training Measure

Age, y
Height, cm
Weight, kg
Navicular drop, mm
Q-angle, °
Sport experience, y
Running frequency, d/wk
Running duration, min/d
Practice frequency, d/wk
Practice duration, h/d
Weight-lifting frequency, d/wk
Weight-lifting duration, min/d

Women 
(n = 32)

19.4 ± 1.0
165.1 ± 5.4
62.2 ± 5.7

5.3 ± 3.4
18.9 ± 3.9
10.4 ± 3.4
3.0 ± 2.2

29.5 ± 17.1
3.5 ± 2.5
1.6 ± 0.8
1.3 ± 1.0

34.2 ± 24

Men 
(n = 32)

20.5 ± 1.2
180.0 ± 5.2
82.6 ± 9.9

7.3 ± 3.5
14.0 ± 4.6
9.6 ± 3.3
2.2 ± 1.9

26.3 ± 24.8
3.8 ± 0.8
2.0 ± 0.1
3.0 ± 0.3

59.4 ± 6

*Values are mean ± SD.

tent with the muscular conditions and joint positions under 
which the knee is functioning when these injuries occur. 29 In 
previous studies evaluating reflexive neuromuscular responses 
at the knee, the perturbation has typically been applied to the 
joint with the muscles at rest and the lower extremity in a 
non-weight-bearing or partial weight-bearing position, which 
does not mimic most injury situations. 2 ' 8 - 25 ' 30~32 Using a func 
tional, weight-bearing perturbation model, we29 have demon 
strated that neuromuscular response times and activation pat 
terns are, in fact, quite different from those previously reported 
under seated, partial weight-bearing, or resting conditions. 
Therefore, our objective was to determine whether muscle re 
sponse times and activation patterns in the lower extremity 
muscles differed between healthy men and women in response 
to a functional lower extremity perturbation. Our specific aim 
was to determine whether responses were slower in women 
than in men, particularly hamstring responses when standing 
in a single-leg, weight-bearing stance with the muscles active 
ly contracting before the perturbation.

METHODS

Subjects
Thirty-two female (19 lacrosse, 13 soccer) and 32 male (la 

crosse) healthy intercollegiate athletes participated in the 
study. These subjects represent the same data set previously 
reported in Shultz et al. 29 Means and standard deviations for 
subject physical characteristics are listed in Table 1. Before 
participating in the study, all subjects read and signed an in 
formed consent form approved by the University's Institutional 
Review Board for the Protection of Human Subjects, which 
also approved the study.

In order to maximize our ability to detect sex differences in 
neuromuscular response and activation patterns, subjects were 
matched by type of sport and level of training. Specifically, 
the sports of intercollegiate soccer and lacrosse were chosen 
for a number of reasons: (1) They provided a large enough 
population for adequate statistical power, (2) The 2 sports are 
similar in their lower extremity performance (ie, similar run 
ning and cutting maneuvers on a grass or turf terrain with a 
cleated shoe), and (3) They are sports in which ACL injuries 
are likely to occur.

To verify that sport experience and training history were 
similar between the sexes, data on sport activity and training
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history were collected on each subject, including running, 
practice, and weight-lifting activities of the previous month. 
At the time of this study, lacrosse athletes were in their fall, 
or nontraditional, season and soccer athletes were in their com 
petitive season. Table 1 indicates that men and women were 
closely matched in their years of sport experience and current 
practice activities (both frequency and duration). However, 
they did differ in their running (frequency) and weight-lifting 
(frequency and duration) activities in the month before testing. 
Therefore, although the type and level of sport training and 
experience were well controlled, current strength and condi 
tioning practices were somewhat variable between the sexes 
at the time of data collection.

Instrumentation
We used an 8-channel Myosystem 2000 electromyography 

(EMG) unit (Noraxon, Scottsdale, AZ) and bipolar Ag-AgCl 
surface electrodes measuring 10 mm in diameter with a center- 
to-center distance of 2 cm to record myoelectric response 
times and activation patterns immediately after lower extrem 
ity perturbation. Unit specifications include an amplifier gain 
of 1 mV/V, frequency bandwidth of 16 to 500 Hz, common 
mode rejection ratio of 114 dB, input resistance from 20 Mft 
to 1 Gft, and a sampling rate of 1000 Hz. To acquire, store, 
and analyze the EMG data, we used a Gateway 2000 computer 
(386 processor, AD-16/330, North Sioux City, SD) and Data 
Pac III Version 1.1 Lab Application Systems software (Run 
Technologies, Laguna Hills, CA).

We used a lower extremity perturbation device (LEPD) 
(University of Virginia, Charlottesville, VA) to produce a sud 
den, forward, and either internal rotation (IR) or external ro 
tation (ER) moment of the trunk and femur relative to the 
single-leg, weight-bearing tibia. A detailed description of this 
device and evidence of its reliability and validity has been 
previously reported. 29 We also used an electrogoniometer 
(Penny and Giles, Santa Monica, CA) and the Chattecx Bal 
ance System (Chattanooga Group, Inc, Hixson, TN) to stan 
dardize the subject's position before cable release.

Procedures
We prepared the subject's skin and placed surface electrodes 

in a parallel arrangement over the midline of the vastus later- 
alis and vastus medialis muscles (midway between the motor 
point and the distal tendon), medial and lateral hamstring mus 
cles (mid-belly position), and medial and lateral gastrocnemius 
muscles (mid-belly position). We then placed the electrogo 
niometer across the lateral aspect of the knee joint and secured 
both electrodes and electrogoniometer with an elastic bandage 
to prevent cable tensioning and movement artifact. To position 
the subject in the LEPD, we adjusted the waist harness to fit 
snugly at the level of the anterior superior iliac spine and the 
height of the wall-mounted trigger mechanism to a position 
level with the anterior superior iliac spine while the subject 
was in the test position.

Standing on the Chattecx Balance System platform, with 
cables attached and height properly adjusted at the wall, each 
subject was instructed to stand upright in a single-leg stance 
with back straight and arms folded across the chest and to lean 
into the cables with the hips. From this position, we asked the 
subject to slowly bend the knee to a knee flexion angle of 35°, 
as indicated by the electrogoniometer. Using the Chattecx's

visual training target, we moved the footplate vertically on the 
platform until the cursor was located in the middle of the target 
(bull's eye), indicating that the center of pressure was being 
directed through the middle of the subject's foot.

Once the subject was properly positioned, we released either 
the left or right cable to produce either IR or ER perturbation. 
We instructed the subject to look straight ahead and to react 
to the perturbation by attempting to maintain the single-leg 
balance. We allowed each subject a minimum of 3 practice 
trials for both IR and ER perturbations to become acquainted 
and comfortable with the task. Each subject then underwent 
10 trials of both IR and ER perturbation, using the dominant 
leg for all trials. The dominant leg was identified as the foot 
the subject would use to kick a ball. Subjects rested 30 seconds 
between trials to prevent fatigue, and the direction of pertur 
bation was randomized to avoid anticipatory responses.

Signal Processing and Analysis

We recorded EMG activity for 1 00 milliseconds before and 
900 milliseconds after lower extremity perturbation using a 
trigger sweep acquisition mode. We processed the signal with 
root mean square (10-millisecond time constant) and used 2 
threshold event buffers to separate the IR and ER events. We 
then compiled an averaged signal, using the first 5 acceptable 
events, to determine the muscle response time for each muscle. 
Each trial was visually inspected, and an acceptable trial was 
determined by the following criteria: (1) long latency reflex 
identified within 150 milliseconds from perturbation onset, (2) 
baseline muscle activity sufficiently quiet and stable to ensure 
an acceptable signal-to-noise ratio, (3) readable signal obtained 
from all 6 muscles, and (4) signal free of movement artifact 
to allow clear interpretation.29

We defined muscle response time as the time delay between 
the initiation of the perturbation and the onset of EMG activity 
at the long latency response level. We chose to evaluate the 
long latency reflex response because it has been demonstrated 
to be the first response to consistently occur under active mus 
cular conditions. 33 ' 34 Using the 100-millisecond pretrigger as 
the reference interval, we defined the long latency response as 
the time point when myoelectric activity exceeded 2 standard 
deviations of the average baseline activity in the hamstrings 
and gastrocnemius and 1 standard deviation in the quadriceps 
within the time interval of 30 to 150 milliseconds. 29

We used 2 separate, mixed-design analyses of variance with 
1 between-groups (sex) and 2 within-groups (muscle group at 
3 levels [quadriceps, hamstring, gastrocnemiusj, and muscle 
side at 2 levels [medial, lateral]) to determine if men and wom 
en differed in muscle response times for either IR or ER per 
turbation conditions. We used the Tukey post hoc analysis to 
evaluate any significant main effects or interactions. We de 
termined muscle activation order using a repeated-measures 
analysis of variance with 1 between-groups (sex) and 1 within- 
groups (muscle) factors at 6 levels (lateral quadriceps [LQJ, 
medial quadriceps [MQ], lateral hamstring [LHJ, medial ham 
string [MH], lateral gastrocnemius [LG], and medial gastroc 
nemius [MG]). We used the Tukey honestly significant differ 
ence (HSD) method to evaluate the main effect for muscle as 
to which muscles differed significantly in their response time. 
To determine whether men and women differed in their re 
cruitment order, we evaluated the sex-by-muscle interaction. 
An a level of P < .05 was used for all analyses.
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Table 2. Muscle Reaction Times for External Rotation and Internal Rotation Perturbation*

Quadriceps

Lateral 
Mean ± SD

External rotation
Women

Men

Internal rotation
Women

Men

90.8 ±

100.0 ±

89.8 ±

98.8 ±

16.3

24.0

12.6

22.4

Medial 
Mean ± SD

87.1

99.0

86.3

95.7

± 18.0

± 22.8

± 13.6

± 20.4

Hamstrings

Lateral 
Mean ± SD

68.4 ±

72.4 ±

73.8 ±

80.0 ±

14.0

17.2

18.2

25.8

Medial 
Mean ± SD

59.6 ±

60.5 ±

56.3 ±

60.5 ±

10.6

7.5

11.6

10.3

Gastrocnemius

Lateral 
Mean ± SD

56.2 ±

59.2 ±

55.2 ±

57.0 ±

8.3

10.0

8.8

10.0

Medial 
Mean ± SD

55.1

56.6

52.4

54.1

± 8.4

± 8.0

± 9.0

± 8.8

*n = 32 subjects/group (64 total). Muscle reaction times are given in milliseconds.

RESULTS

Table 2 lists the group means and standard deviations by 
sex for the muscle reaction times obtained for both IR and ER 
perturbation conditions. We found that women responded sig 
nificantly faster than men for both ER (Fj 69 = 5.209, P = 
.026) and IR (F U62 = 6.642, P = .012). Although this differ 
ence appeared to be due primarily to a shorter latency in quad 
riceps activation in women, no significant sex-by-muscle 
group (ER, P = .132; IR, P = .281) or muscle-side (ER, P 
= .693; IR, P = .771) interactions were found.

For muscle-recruitment order, we found a preferential mus 
cle-recruitment order for both ER (F5310 = 120.59, P < 
.0001) and IR (F5>31 o = 107.40, P <f.0001). For ER, the 
Tukey post hoc analysis revealed no difference in response 
times for the MG (55.8 milliseconds), LG (57.7 milliseconds), 
and MH (60.0 milliseconds), which were the first muscles to 
respond to the perturbation. The LH (70.4 milliseconds) re 
sponded next after a significant delay, and then the MQ (93.0 
milliseconds) and LQ (95.3 milliseconds) were activated fol 
lowing an even greater delay (Figure 1). Our findings were 
similar for IR (MG [53.2 milliseconds] = LG [56.1 millisec 
onds] = MH [58.4 milliseconds] < LH [76.9 milliseconds] < 
MQ [91.0 milliseconds] = LQ [94.3 milliseconds]) (Figure 2). 
No difference in muscle-recruitment order was found between 
men and women for either ER (F5310 = 1.843, P = .104) or 
IR (F5>310 = .926, P = .464).

DISCUSSION

Our primary finding was that women responded faster than 
men at the long latency response levels for both IR and ER 
perturbation conditions. Although we did not find a sex dif 
ference in recruitment order for either IR or ER, it is readily 
apparent that the faster time in women was due primarily to 
a shorter latency in quadriceps activation (Table 2 and Figures 
1 and 2). In fact, had we evaluated each muscle group sepa 
rately and not corrected for type I error, we would have found 
a significant sex difference in the quadriceps but no differences 
in the hamstring and gastrocnemius muscle response times. 
Thus, it appears our findings were muscle dependent.

Our results indicate a difference of approximately 10 mil 
liseconds in quadriceps activation times between men and 
women (Table 2). Given the inherent variability associated 
with EMG recordings and human performance, it is important 
to first evaluate whether 10 milliseconds represents a true dif 
ference between men and women. In a previous article, we 
addressed the issues of reliability (ie, performance consisten 
cy) using this research model.29 We found, using a 2-trial av 
erage, that the standard error of measurement for the quadri 
ceps response times averaged 7.6 milliseconds, indicating a 
95% confidence interval of ±14.9 milliseconds. However, it 
is important to note that this estimate of measurement error 
was based on a 2-trial average, and in this study, we used a 
5-trial average in an effort to increase reliability and reduce

Figure 1. Muscle reaction times for men and women after external 
rotation (ER) perturbation. Error bars indicate SDs. Lateral ham 
string (LH) was significantly slower than medial or lateral gastroc 
nemius (MG, LG) or medial hamstring (MH). Medial and lateral 
quadriceps (MQ, LQ) were significantly slower than LH (Tukey, P 
< .05).
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Figure 2. Muscle reaction times for men and women after internal 
rotation (IR) perturbation. Error bars indicate SDs. Lateral ham 
string (LH) was significantly slower than medial or lateral gastroc 
nemius (MG, LG) or medial hamstring (MH). Medial and lateral 
quadriceps (MQ, LQ) were significantly slower than LH (Tukey, P 
< .05).
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measurement error. Moreover, this measurement error reflects 
primarily a random variability in individual subject perfor 
mance. As such, one would not expect this performance in 
consistency to be different between groups, the net result being 
that this error would only serve to minimize our ability to find 
a significant difference between men and women. It would not 
explain why a group of women would perform consistently 
faster and men consistently slower. So although these data il 
lustrate the variability inherent in EMG studies and human 
performance measures, we believe the 10-millisecond differ 
ence, although modest, is clinically relevant. Given these find 
ings, we considered potential factors that may explain the 
quadriceps-specific difference.

Decreased Quadriceps Inhibition in Women
After the perturbation, a silent period (ie, reflexive silencing 

of the muscle) was consistently observed in the medial and 
lateral quadriceps that was not observed in the other muscle 
groups. Considering the method of the imposed perturbation, 
this silent period is likely to be either a function of reflexive 
inhibition in response to sudden unloading of the contracting 
quadriceps34"36 or a reciprocal inhibition in response to re 
flexive activation of the antagonist (hamstring) muscle 
group. 21 Although actual onset times were not calculated for 
this silent period, they appeared to consistently coincide with 
activation of the medial hamstring.

Regardless of the mechanism, the long latency reflex acti 
vation of the quadriceps typically occurred immediately after 
this silent period, indicating an earlier onset or shorter duration 
of inhibition in women than in men. Hence, it is plausible that 
women may exhibit less quadriceps inhibition compared with 
men in response to joint loading. However, even though wom 
en exhibited a shorter quadriceps delay, quadriceps latency 
times were still significantly longer than those for the ham 
strings and gastrocnemius muscles. Alternately, given the typ 
ical strength differential of the quadriceps and hamstrings, a 
greater delay in quadriceps activation could conceivably pro 
vide the weaker hamstrings with more time to stabilize the 
tibia before an anterior tibial translation force is created. 
Whether this difference is sufficient to diminish the ham 
strings' ability to prevent excessive anterior or rotary tibial 
translation or subject the ACL to greater risk is unknown.

Preferential Activation
Previous work by Huston and Wojtys24 indicated that fe 

male athletes may exhibit a preferential quadriceps activation 
compared with male athletes. When evaluating individual sub 
jects, they found that female athletes tended to activate the 
quadriceps first more often than male athletes at the interme 
diate (ie, long latency reflex) response level when compared 
with the hamstrings and gastrocnemius muscles after an an 
teriorly directed tibial translation force. Preferential activation 
of the quadriceps was rarely seen in the present study, most 
likely due to the difference in perturbation methods29 and the 
presence of the reflexive silent period in the quadriceps. In 
fact, the quadriceps were activated first in only 1 of 64 subjects 
(a male subject). Only 4 subjects (2 female subjects and 2 male 
subjects) initiated the quadriceps before the hamstrings. Al 
though this trend was infrequent and did not appear to be sex 
specific, the activation patterns demonstrated by these subjects 
clearly deviated from the norm.

Training History
Although we expended considerable effort to control for 

training variability, the female and male athletes in this study 
did differ somewhat in their running and weight-lifting activ 
ities in the month before data collection. Considering the ex 
tent of running and agility activities inherent in practice ses 
sions, one would not expect the additional day of running per 
week in the female group to be a factor. There was, however, 
a considerable difference in both the duration and frequency 
of isotonic weight-lifting activities between the groups. In re 
search evaluating the effects of isotonic strength training on 
reflex response times, no significant differences have been 
found in monosynaptic reflex times of the quadriceps after 16 
weeks of training37 or in intermediate response times of the 
quadriceps, hamstrings, or gastrocnemius after 6 weeks of 
training. 28 Therefore, the difference in weight-training practic 
es would not seem to provide a plausible explanation for this 
sex difference. It is possible that the female group may have 
engaged in more agility-training activities, which have been 
shown to decrease response times at both reflex and voluntary 
levels. 28 Unfortunately, sport-specific practice activities were 
not controlled or documented in this study, and therefore, no 
conclusions can be made in this regard.

Although these data and this discussion pose more questions 
than answers, our findings of earlier quadriceps activation in 
women remain of interest when considering potential ACL 
injury risk factors. Whether the decreased quadriceps inhibi 
tion exhibited by these subjects alters the hamstrings' ability 
to stabilize the tibia and places the ACL at greater risk is 
unknown. Furthermore, since training is known to influence 
neuromuscular response characteristics,5 ' 8 '28 ' 38 our findings in 
intercollegiate soccer and lacrosse athletes may not be repre 
sentative of other sports (ie, basketball, gymnastics, and vol- 
leyball) or skill levels (ie, high school, recreational). Hence, 
further research investigating the influence of early quadriceps 
activation on dynamic joint stability and ACL injury risk dur 
ing functional weight-bearing activities in subjects from a va 
riety of sports and skill levels is warranted.

Clinical Relevance
This study has demonstrated the effective use of surface 

EMG to determine muscle response times and activation pat 
terns of the lower extremity muscles after a loading stress to 
the knee. The specific intent of this research was to evaluate 
reflexive neuromuscular responses under functional weight- 
bearing conditions, which had not been previously addressed. 
From this information, the coordinative proprioceptive and 
neuromuscular mechanisms necessary to protect the joint and 
prevent ligament injury under functional conditions can be 
better understood. However, it is well recognized that latency 
times derived from the EMG signal only reflect the time re 
quired for the nerve impulse to reach the muscle fibers, and 
they are not synonymous with the development of muscle ten 
sion. 26 '27 Specifically, myoelectric response latencies do not 
provide any sense of tension development in the muscle before 
reflexive activation (intrinsic stiffness) or reflect the additional 
time delay required for muscular tension to develop after neu 
ral activation (ie, electromechanical delay).

Considering the evidence that suggests that force delays 
may be longer in women than in men,24 '26 '27 the fact that 
women responded faster myoelectrically in this study does not 
necessarily indicate that they produced muscular tension any
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sooner than men. Measuring both reflex and force components 
of the neuromuscular response continuum in future studies will 
provide a more comprehensive picture of sex-specific neuro 
muscular response patterns at the knee and their potential in 
fluence on musculoskeletal stability and ACL injury risk.

Adequacy of Neuromuscular Reflexes in Joint 
Protection

Although laboratory experiments have established the ef 
fectiveness of active muscles in limiting joint excur 
sion,6 '7 ' 11 ' 12 the adequacy of reflexive neuromuscular respons 
es in protecting the joint given the extremely high and rapid 
force applications imposed on the knee in sports has been 
called into question. 31 '39 Pope et al31 suggested through math 
ematical modeling that reflexive activation occurs after medial 
collateral ligament failure if the muscles are relaxed at the time 
of loading and if the ligament-muscle protective reflex is ini 
tiated by pain. Konradsen et al39 investigated the role of pro 
tective muscular responses in ankle stabilization following a 
sudden forced inversion and determined the reflexive activa 
tion of the peroneal muscles was too slow to prevent excessive 
inversion and ligament injury. However, these research models 
did not account for the contribution of active muscle stiff 
ness 15~ 17 '22 or preparatory alterations in muscular tension at 
lower applied loads 10'40 that may prevent excessive joint ex 
cursion or provide some measure of immediate joint stiffening 
that augments the reflexive response.

Active muscle stiffness, or mechanical resistance to muscle 
loading or stretch in a preactivated muscle, provides the most 
immediate response to limit excessive joint motion and can 
result in tension development as early as 10 milliseconds. 15 
Since active muscle stiffness is linearly related to the extent 
of cross-bridge formation, 15" 17 the extent of muscle contrac 
tion at the time of perturbation would appear to be an impor 
tant factor in the adequacy of this immediate stiffening re 
sponse and subsequent joint stabilization until reflexive 
activation can occur. Thus, to truly evaluate the adequacy of 
reactive muscular responses in providing joint protection with 
sudden loading, one must also consider the contribution of 
active muscle stiffness in situations in which the muscle may 
be actively contracting before the perturbation or application 
of the injurious force.

In addition to active muscle stiffness, which joint structure 
is responsible for the proprioceptive feedback may also influ 
ence the adequacy of the neuromuscular response. For exam 
ple, if the high-threshold Golgi tendon receptors located in 
ligament structures are the first to be stimulated, it is likely 
that the initiated muscular responses will not occur quickly 
enough, given that the delays in force generation would be 
greater than the time required to reach ligament failure. 31 '39 In 
contrast, sensory feedback provided by other joint structures 
at lower mechanical thresholds may stimulate a stiffening re 
sponse before excessive ligament loading and effectively pre 
vent joint deformation from reaching the point of ligament 
failure. In fact, Johansson et al 10 and Sojka et al40 provided 
evidence that low-threshold receptors in the cruciate ligaments 
can influence the sensitivity of the muscle spindle and provide 
preparatory stiffening of the muscle before excessive load 
ing.41

Clearly, more research is needed to determine the efficacy 
of various proprioceptive feedback mechanisms and the ulti 
mate capacity of neuromuscular responses to stiffen the joint

and protect the ACL under sudden loading conditions. Thus, 
determining whether men and women differ in their mechan 
ical or neuromuscular responses remains a clinically relevant 
question that may explain the disparity in ACL injury rates. 
Our hope is that this discussion will stimulate more research 
in this area.

SUMMARY

Determining whether men and women differ in their neu 
romuscular response characteristics remains a clinically rele 
vant question that may in part explain the sex disparity in ACL 
injury rates. We specifically investigated whether myoelectric 
response times differed in male and female athletes after knee 
perturbation in a functional, weight-bearing position. Our find 
ings indicate that although men and women demonstrated sim 
ilar muscle-recruitment patterns, women tended to activate 
their quadriceps earlier than men. Whether this earlier quad 
riceps activation diminishes the ability of the hamstrings to 
adequately stabilize the knee joint and subjects the ACL to 
greater risk of injury is still unknown and requires further 
study. Future studies should evaluate sex differences across 
the complete response continuum, including measures of in 
trinsic muscle stiffness, electromechanical delay, and time to 
force production, in both healthy and ACL-injured athletes 
from a variety of sports and skill levels.
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Objective: Previous research suggests proprioceptive neu- 
romuscular facilitation (PNF) stretching techniques produce 
greater increases in range of motion than passive, ballistic, or 
static stretching methods. The purpose of our study was to 
measure the duration of maintained hamstring flexibility after a 
1-time, modified hold-relax stretching protocol.

Design and Setting: The study had a 1 x 1 mixed-model, 
repeated-measures design. The independent variables were 
group (control and experimental) and time (0, 2, 4, 6, 8, 16, and 
32 minutes). The dependent variable was hamstring flexibility 
as measured in degrees of active knee extension with the hip 
flexed to 90°. Measurements were taken in a preparatory mili 
tary academy athletic training room.

Subjects: Thirty male subjects (age, 18.8 ± 0.63 years; 
height, 185.2 ± 14.2 cm; weight, 106.8 ± 15.7 kg) with limited 
hamstring flexibility in the right lower extremity were randomly 
assigned to a control (no-stretch) group or an experimental 
(stretch) group.

Measurements: All subjects performed 6 warm-up active 
knee extensions, with the last repetition serving as the pre- 
stretch measurement. The experimental group received 5 mod 
ified (no-rotation) hold-relax stretches, whereas the control 
group rested quietly supine on a table for 5 minutes. Posttest 
measurements were recorded for both groups at 0, 2, 4, 6, 8, 
16, and 32 minutes.

Results: The repeated-measures analysis of variance re 
vealed a significant group-by-time interaction, a significant main 
effect for group, and a significant main effect for time. Dunnett 
post hoc analysis revealed a significant improvement in knee- 
extension range of motion in the experimental group that lasted 
6 minutes after the stretching protocol ended.

Conclusions: Our findings suggest that a sequence of 5 
modified hold-relax stretches produced significantly increased 
hamstring flexibility that lasted 6 minutes after the stretching 
protocol ended.

Key Words: active knee-extension test, knee joint range of 
motion

F lexibility is a key component for injury prevention and 
rehabilitation. Stretching is important for reducing in 
jury and improving performance in sports and for over 

all physical fitness. Athletes are often given stretching proto 
cols to improve their flexibility.' Several stretching techniques 
are used to increase joint range of motion (ROM). 2" 12

A number of previous studies have demonstrated that pro 
prioceptive neuromuscular facilitation (PNF) stretching tech 
niques produce greater increases in ROM than passive, static, 
or ballistic stretching methods. 2 '4" 13 However, other studies 
have reported that the results achieved with static and ballistic 
stretching techniques are comparable with those achieved with 
PNF stretching techniques. 14" 16

Regardless of the techniques used, flexibility gains in the 
hamstring muscles have been demonstrated after a multiple- 
day stretching program. 13 ' 16' 17 These studies have shown that 
frequency and duration of static, ballistic, and PNF stretches 
affect ROM gains. However, the duration of flexibility gains

after a single stretching session has received limited study. A 
1-time session of 4 consecutive 30-second static stretches has 
been shown to increase flexibility for 3 minutes after the 
stretching protocol. 18 Previous research has not focused on the 
duration of flexibility gains after a single, same-day series of 
hold-relax stretches. Thus, the purpose of our study was to 
measure the duration of hamstring flexibility gains after a 1- 
time hold-relax stretching protocol.

METHODS

Subjects

We recruited 30 healthy male military cadets (age, 18.8 ± 
0.63 years; height, 185.2 ± 14.2 cm; weight, 106.8 ± 15.7 
kg) to participate in this study. All subjects read and signed 
an informed consent form approved by the University of Vir-
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Figure 1. Subject positioned under the polyvinylchloride pipe 
frame and performing active knee extension to measure hamstring 
flexibility.

ginia Committee for the Protection of Human Subjects, which 
also approved the study.

Preparticipation Screening
Subjects were included in the study if they had visible ev 

idence of hamstring tightness, defined as a limitation of 20° 
or more from full extension as determined by the active knee- 
extension (AKE) test, and were injury free in the trunk and 
lower extremities for at least 6 months before the study. 18

Subject Positioning for AKE Testing
With subjects lying on their left sides, the greater trochanter 

of the right femur, lateral femoral epicondyle, and lateral mal- 
leolus of right fibula were identified and marked with a black 
felt-tip marker to help ensure proper alignment for goniometric 
measurements. Subjects were positioned supine on an exami 
nation table with the hip flexed to 90° as measured by a go 
niometer (Rolyan Medical Products, Menomonee Falls, WI). 
A polyvinylchloride pipe frame served as a cross-bar so that 
90° hip flexion was maintained throughout AKE measure 
ments. The investigator ensured that the distal anterior thigh 
maintained contact with the cross-bar for all AKE measure 
ments (Figure 1). Throughout the AKE procedure, the left hip 
remained at 0° of flexion. 19 A gravity-assisted protractor (Em 
pire Level Manufacturing Co, Mukwonago, WI) was attached 
2.54 cm below the right fibular head by a hook-and-loop strap. 
The protractor was adjusted to read 90° when the knee was 
flexed to 90°. The investigator recorded protractor measure 
ments of AKE on the right side.

Testing Procedure
Prestretch Measurement. For prestretch measurements, 

subjects in both groups performed a total of 6 AKEs with a 
60-second rest period between repetitions. The first 5 AKEs 
served as warm-ups to decrease any effect that may occur with 
repeated measures performed from a cold start. 18 The sixth 
AKE was recorded as the prestretch measurement. When the 
subject could not extend his lower leg any farther without his 
thigh moving away from the cross-bar, he informed the inves-

Figure 2. Subject performing isometric contraction of hamstring 
against resistance of the investigator.

tigator and held that position for approximately 2 to 3 seconds 
until a measurement was taken. This method of measuring 
hamstring flexibility was found to be reliable (intraclass cor 
relation coefficient [2,1], 0.96; standard error of measurement, 
±2.29°). 18

Poststretch Measurement. Poststretch measurements were 
performed in the same manner as the prestretch measurements, 
except that no warm-up contractions were performed. One 
AKE measurement was taken at 0 minutes (immediately) and 
at 2, 4, 6, 8, 16, and 32 minutes after the final stretch in the 
experimental group. The control group underwent the same 
poststretch measurement protocol immediately after 5 minutes 
of lying quietly on the table. Measurements of the angle of 
knee joint ROM were recorded.

Stretching Protocol
Subjects were randomly assigned to either the control or the 

stretching group. The 15 subjects assigned to the stretching 
group received visual and verbal instruction in performing the 
modified hold-relax stretch.4 ' 20 This modified hold-relax 
stretch was performed with no hip rotation. Predetermined 
time intervals for stretching, contracting, and relaxing were 
used to standardize stretching methods for the stretching 
group. For each stretch, the investigator passively stretched the 
hamstrings until the subject first reported a mild stretch sen 
sation and held that position for 7 seconds. Next, the subject 
maximally isometrically contracted the hamstrings for 7 sec 
onds by attempting to push his leg back toward the table 
against the resistance of the investigator (Figure 2). After the 
contraction, the subject relaxed for 5 seconds. The investigator 
then passively stretched the muscle until a mild stretch sen 
sation was reported. The stretch was held for another 7 sec 
onds. This sequence was repeated 5 times on each subject in 
the experimental group. All stretching was performed on the 
right lower extremity. The 15 subjects assigned to the control 
group lay supine on the evaluation table for 5 minutes, the 
approximate time it took to stretch the experimental group.

Statistical Analysis
A mixed-model, 1 between (group) by 1 within (time), re 

peated-measures analysis of variance was used to determine

Journal of Athletic Training 45



Active Knee-Extension Measurements*

Group

Time (min)

Prestretch
0
2
4
6
8

16
32

Control

40.53 ± 10.97
42.87 ± 11.28
43.33 ± 11.42f
44.67 ± 11.48f
45.40 ± 11.69t
46.60 ± 11.82f
48.10 ± 12.40f
49.47 ± 13.12f

Experimental

38.80 ± 11.18
31.00 ± 9.20f
32.23 ± 8.53t
34.47 ± 8.66f
36.27 ± 9.45f
37.20 ± 9.28
39.10 ± 10.24
40.60 ± 11.36

*Values are expressed as mean ± SD degrees. 
tSignificantly different from prestretch (P < .05).

differences for knee-extension angles between groups and 
across time. Dunnett post hoc analysis was used to compare 
each group's poststretch measurement with the same group's 
prestretch measurement. 21

RESULTS
A repeated-measures analysis of variance revealed a signif 

icant group-by-time interaction (F7239 = 14.97, P < .01), a 
significant main effect for group (F 1;23 9 = 5.25, P = .03), and 
a significant main effect for time (F7239 = 47.86, P < .01). 
Dunnett post hoc analysis revealed that a significant (P < .05) 
increase in hamstring flexibility was maintained in the exper 
imental group for 6 minutes after the stretching protocol (Ta 
ble). Post hoc analysis demonstrated a significant (P < .05) 
decrease in flexibility in the control group starting at 2 min 
utes.

DISCUSSION
This study demonstrated that hamstring flexibility remains 

significantly increased after the modified hold-relax stretching 
protocol for 6 minutes. In a previous study using a static 
stretching protocol, hamstring flexibility increased significant 
ly but only remained increased for 3 minutes after stretching. 18

The literature is inconclusive regarding which stretching 
method is best for increasing muscle length. Previous studies 
support greater increases in ROM with PNF stretching tech 
niques than with passive, static, or ballistic stretching meth 
ods. 2 '4" 13 However, some studies 14 ' 15 suggest no difference be 
tween PNF and other stretching techniques. Several 
methodologic differences in the studies and the statistical ma 
nipulation of the data confound this issue.

One example is the statistical analysis methods used in this 
study and the study of DePino et al. 18 We employed a Dunnett 
post hoc analysis to compare each poststretch measurement 
with the same prestretch measurement. In contrast, DePino et 
al 18 used the less powerful Tukey post hoc analysis to deter 
mine significant differences among the poststretch measure 
ments. Because the 2 studies differed at the 6-minute time 
point, we calculated the effect size at the 6-minute time point 
to compare the studies. The effect size was calculated by the 
equation (prestretch mean — 6-minute poststretch mean)/SD 
prestretch. This calculation produced effect sizes of 0.24 and 
0.22 in the study of DePino et al 18 and in our study, respec 
tively. The effect sizes between the 2 methods of stretching 
are similar, indicating that the improvement in hamstring flex 
ibility was increased proportionally for both techniques.

DePino et al might have found significant differences later 
than 3 minutes if Dunnett analysis had been performed. There 
fore, the differences reported in these 2 studies may be due to 
statistical, rather than actual, differences between the 2 stretch 
ing techniques.

The relatively short time of increased hamstring flexibility 
may be due to several factors. The most prominent are the 
viscoelastic, thixotropic, and neural properties of the muscu- 
lotendinous unit.

Viscoelastic Properties

Musculotendinous units function in a viscoelastic manner, 
and, therefore, have the properties of creep and stress relaxa 
tion. 22 '23 Creep is characterized by the lengthening of muscle 
tissue due to an applied fixed load. 22 Stress relaxation is char 
acterized by the decrease in force over time necessary to hold 
a tissue at a particular length.22 The musculotendinous unit 
deforms or lengthens as it is being stretched and goes through 
elastic and then plastic deformation before completely ruptur 
ing. 24 Our results suggest that a single session of hold-relax 
stretching does not deform tissues enough to produce a per 
manent change (ie, a plastic deformation in the musculoten 
dinous unit). Therefore, the temporary improvement in ham 
string flexibility may be attributed to changes in the elastic 
region caused by a single session of hold-relax stretching.

This temporary benefit of increasing hamstring flexibility 
has been previously reported. Tanigawa4 demonstrated a sig 
nificant increase in hamstring flexibility for PNF and static 
stretching groups relative to a control group. However, he re 
ported a decrease in hamstring flexibility in both static and 
PNF stretching groups 2 days after the 4-week stretching pro 
gram. Tanigawa concluded that the maintenance of increased 
flexibility requires a regular routine of stretching. Tanigawa's 
study4 and our study support the position that stretching pro 
grams produce elastic deformations that allow the tissue to 
return to its original length if the stretching routine is not con 
tinued.

Thixotropic Properties

Because of the controlled nature of this study, we asked 
subjects to lie still on a table between poststretch measure 
ments. This manner of control presented an interesting re 
sponse. We found a significant decrease in hamstring flexibil 
ity in the control group after 2 minutes of inactivity. 
Additionally, a return toward baseline flexibility was noted 
after the 6-minute poststretch measurement.

One explanation for this occurrence is the thixotropic prop 
erties of the muscle. Thixotropy is the property of a tissue to 
become more liquid after motion and return to a stiffer, gel- 
like state at rest. 25 '26 The thixotropic property of muscle is 
thought to result from an increase in the number of stable 
bonds between actin and myosin filaments when the muscle is 
at rest. Hence, the stiffness of muscle increases.

Because we asked our subjects to lie still, the thixotropic 
properties of muscle may have played a part in reducing the 
time that hamstring flexibility was increased. A linear rela 
tionship exists between the time a muscle remains still and the 
stiffness of that muscle in response to a stretch,26 and indeed, 
flexibility decreased in both groups as time passed (Table). 
However, with activity, the muscle becomes more fluid-like
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because the stable bonds are broken or are prevented from 
forming.27 '28

We believe that it should be noted that these laboratory con 
ditions are not representative of field situations. Thus, based 
on thixotropic properties, we would expect the temporary in 
crease in flexibility to be maintained during periods of activity 
and to decrease during periods of inactivity.

Neural Properties
Even though we made no neurologic assessments during 

this study, studies of similar PNF stretching techniques suggest 
that autogenic inhibition of the stretched muscle provides in 
creased ROM. 3 '4 ' 29 ' 30 Autogenic inhibition was defined by 
Knott and Voss3 as the inhibition of the homonymous muscle 
alpha motor neurons by the stimulation of the Golgi tendon 
organ. This inhibitory effect is thought to diminish muscle 
activity and, therefore, allow for relaxation so that the muscle 
can be stretched. Motor pool excitability has been measured 
by the Hoffman reflex during soleus muscle static stretching, 
contract-relax stretching, and contract-relax-agonist-contract 
stretching techniques. Motor pool excitability significantly di 
minished after the contract-relax and contract-relax-antago- 
nist-contract methods of PNF stretching over static stretching 
of the soleus. 30 This inhibitory effect has been suggested to 
increase muscle compliance, allowing for increased length dur 
ing a stretch without stimulation of the stretch reflex. 30

Increased sensitivity of primary and secondary musculoten- 
dinous afferent receptors, termed postcontraction sensory dis 
charge, after a muscular contraction has been demonstrated. 31 
This effect would potentially increase muscle spindle sensitiv 
ity to stretch. However, this increased sensitivity is disrupted 
when the muscle is stretched beyond the length of the con 
traction. 31

The neurologic contribution associated with the various 
PNF stretching techniques is somewhat contradictory. 32 '33 The 
ROM gains demonstrated in this study were temporary, a find 
ing supported by the temporary inhibition of the motor pool 
with the contract-relax PNF stretching technique.30 The tem 
porary response seen in this modified hold-relax stretching 
technique is most likely due to the combination of these fac 
tors.

Future Research
Future research should address a single stretching routine 

followed immediately by activity to enhance the lasting effect 
of the stretching routine. These routines should study different 
populations, such as women and older adults, since only 
healthy young men were evaluated in this study, and the re 
sults of a single stretching session may be quite different in 
these other populations. The duration of maintaining a 
stretched muscle of different architecture also needs further 
study. Also, the most effective PNF technique for same-day 
ROM gains warrants further research.

CONCLUSIONS

A 1-time, modified hold-relax stretching protocol was ef 
fective in increasing hamstring flexibility as measured by 
AKE. However, the gains in ROM lasted for only 6 minutes 
after the final stretch, and this protocol may not be any more 
effective than static stretching. These findings may have clin

ical implications in terms of how often a stretching routine 
should be performed in a day to maintain flexibility gains, 
especially if a person will be primarily sedentary.
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Objective: The study had 3 objectives: (1) to assess the ed 
ucational history of doctoral-educated certified athletic trainers 
(ATCs) who work at academic institutions, (2) to determine the 
current employment characteristics of doctoral-educated ATCs 
who work at academic institutions, and (3) to identify which 
competencies doctoral-educated ATCs feel are important for 
new doctoral graduates to possess upon graduation.

Design and Setting: Multiple sources were used to identify 
doctoral-educated ATCs who work at academic institutions. 
These individuals were surveyed to assess their educational 
histories, current employment characteristics, and opinions on 
desired competencies for new doctoral graduates. Data were 
analyzed using descriptive and inferential statistics.

Subjects: Surveys were sent to 130 individuals, and the re 
sponse rate was 89.2% (n = 116).

Measurements: Subjects answered questions regarding 
their educational history and employment characteristics. A 5- 
point Likert scale was used to assess the importance of 22

competencies for new doctoral graduates to possess upon 
graduation. Comparisons were made between program direc 
tors and non-program directors, respondents employed at doc 
toral-granting institutions and non-doctoral-granting institutions, 
and doctoral student advisors and non-advisors.

Results: Subjects reported several different educational 
backgrounds, job titles, and job responsibilities. Significant dif 
ferences in job responsibilities and assessment of desired com 
petencies were found between program directors and non-pro 
gram directors, employees of doctoral-granting institutions and 
non-doctoral-granting institutions, and doctoral student advi 
sors and non-advisors.

Conclusions: As new doctoral programs are established in 
athletic training, students should receive training as classroom 
instructors and program administrators, in addition to learning 
the skills necessary to perform independent research in athletic 
training.

Key Words: education, doctoral education

T he nature and scope of athletic training education in 
higher education have evolved considerably over the 
past 3 decades. 1 After beginning as a minor component 

of a physical education degree, athletic training has developed 
into a distinct academic major at the undergraduate and grad 
uate levels, with degrees often granted by a school or college 
of health professions. Educational reforms have led to attempts 
to establish many more accredited undergraduate athletic train 
ing curriculum programs as the internship route to certification 
is eliminated by the year 2004. ! With the establishment of new 
curriculums, more doctoral-educated certified athletic trainers 
(ATCs) are needed to fill the tenure-track faculty positions that 
are being created.

The National Athletic Trainers' Association (NATA) Edu 
cation Task Force has published several recommendations to 
reform athletic training education. 2 Provision 8 called for the 
formation of an Education Council. One proposed function of 
this council was to act as a resource for the development of

doctoral programs in athletic training. 2 Generally, the rationale 
for this recommendation was the need for more doctoral-ed 
ucated ATCs. Specifically, the rationale included 3 reasons for 
increasing the number of doctoral-educated ATCs. First, if the 
athletic training profession is to affect higher education policy, 
there must be a critical mass of doctoral-educated ATCs in 
senior faculty and administration positions. Second, doctoral 
programs are needed because of the leadership that these pro 
grams provide in guiding research pertinent to the advance 
ment of the athletic training profession. Third, doctoral pro 
grams will provide the next generation of athletic training 
educators. 2

Literature regarding the professional preparation and em 
ployment characteristics of current doctoral-educated ATCs is 
lacking. Therefore, the purposes of our study were ( 1 ) to as 
sess the educational history of doctoral-educated ATCs, (2) to 
determine the current employment characteristics of doctoral- 
educated ATCs, and (3) to identify the importance of corn-
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petencies that future doctoral-educated ATCs should possess 
as perceived by current doctoral-educated ATCs. Comparisons 
were made between athletic training program directors (PDs) 
and non-program directors (NPDs), as well as between those 
working at research-oriented, doctoral-granting institutions 
(DGIs) and non-doctoral-granting institutions (NDGIs). Ad 
ditionally, because of their pivotal role in the mentoring of 
future doctoral-educated ATCs, ATCs who were currently ad 
vising ATC doctoral students were asked about the importance 
of competencies.

METHODS

Subjects
We mailed a survey to a convenience sample of 130 ATCs 

with earned doctoral degrees who currently work at institu 
tions of higher education. We gathered the names and address 
es of subjects from recent sports medicine journals, NATA 
committee lists, and the list of accredited programs listed on 
the NATA World Wide Web site. The survey was approved 
by an institutional review board, and informed consent was 
provided by all those who responded. If the survey was not 
returned within 3 weeks of the initial mailing, we sent a fol 
low-up mailing, which included another copy of the survey. 
The final response rate was 89.2% (n = 116).

Educational History
Respondents were asked to identify the majors and minors 

of all higher education degrees (bachelor's, master's, and doc 
toral degrees) earned. Subjects were asked if they had gradu 
ated from NATA-approved or Committee on Allied Health Ed 
ucation and Accreditation (CAHEA)-accredited or 
Commission on Accreditation of Allied Health Education Pro 
grams (CAAHEP)-accredited bachelor's or master's degree 
athletic training programs (or both) and whether they pursued 
their doctoral degrees as full-time or part-time students. They 
were also asked to identify the funding sources for their doc 
toral studies. Descriptive statistics were calculated for the ed 
ucational history items. All statistics were calculated using the 
SPSS 8.0 for Windows software package (SPSS Inc, Chicago, 
IL).

Employment Characteristics
We asked subjects to identify their current job title (eg, pro 

gram director, assistant athletic trainer), academic rank (eg, 
assistant professor, associate professor), and the department 
and college in which they were currently employed. We clas 
sified respondents as working at DGIs or NDGIs using the 
Carnegie Foundation for the Advancement of Teaching clas 
sification system. 3 We also asked subjects if they were tenure- 
track employees and if they were currently advising any doc 
toral students who were ATCs. Descriptive statistics were 
calculated for the employment characteristic questions.

We asked subjects to indicate the number of hours per week 
they spent on classroom instruction, classroom preparation, 
clinical instruction, clinical instruction preparation, advising 
undergraduates, advising master's students, advising doctoral 
students, clinical duties, research, grant writing, professional 
service, administrative responsibilities, and other job-related 
responsibilities. We also asked subjects whether their current

Table 1. Educational Competencies*

Ability to teach undergraduate courses in athletic training
Ability to teach graduate courses in athletic training
Ability to teach courses outside of athletic training
Knowledge of and ability to use a variety of teaching methods and 

styles
Ability to teach in a clinical setting
Capable of using technology in classroom instruction
Possession of the administrative skills needed to direct a CAAHEP- 

accredited program
Capable of obtaining external funding through grant writing
Capable of advancing the athletic training profession by performing 

research
Capable of performing independent research relating to athletic train 

ing
Capable of performing collaborative research with exercise science 

faculty
Capable of performing collaborative research with faculty and profes 

sionals in medical and allied health professions
Capable of performing educational research in athletic training
Capable of performing research in clinical outcomes
Ability to define research priorities in athletic training
Capable of mentoring graduate students in research activities
Advise undergraduate athletic training majors
Advise master's-degree students who are ATCs
Advise doctoral-degree students who are ATCs
Clinical athletic straining skills
Ability to provide the leadership needed to gain wider acceptance of 

athletic training in the academic community
Ability to present information relating to athletic training to a variety of 

groups

*CAAHEP indicates Commission on Accreditation of Allied Health Ed 
ucation Programs; ATC, certified athletic trainer.

position allowed them the time necessary to maintain their 
clinical athletic training skills. Each time variable was ana 
lyzed using 2 separate 1-factor analyses of variance to com 
pare the time spent in each of the above areas for (1) PDs vs 
NPDs and (2) employees of DGIs vs employees of NDGIs. 
The level of significance was preset at .05.

Desired Competencies for ATCs Earning Doctoral 
Degrees j

We asked subjects to rate the importance of 22 educational 
competencies (Table 1) for ATCs earning new doctoral degrees 
upon completion of their degree program. A 5-point Likert 
scale was used to rate the competencies, with 1 representing 
"not important" and 5 representing "extremely important." 
The competencies were abstracted from a previous survey of 
allied health deans4 that examined the competencies of new 
graduates of allied health doctoral programs. The competen 
cies were altered to be specific to the athletic training profes- ; 
sion.

The mean for each competency was compared with the 
overall mean of the 22 competencies using a 1-sample t test 
to determine which competencies were deemed more and less 
important by the entire respondent pool. Three separate 1-fac 
tor analyses of variance were performed on the responses to 
each competency to examine differences in the perceived im 
portance of each competency between (1) PDs and NPDs, (2) 
employees of DGIs and employees of NDGIs, and (3) doctoral 
student advisors and non-advisors. The level of significance 
was set at .05 for all analyses.
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Figure 1. Types and percentages of doctoral degrees held by cer 
tified athletic trainers (ATCs).

Education &
Administration

24%

Health and
Physical

Education
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Figure 2. Doctoral-degree majors earned by certified athletic train 
ers (ATCs). Education and administration majors are majors dis 
tinctly separate from health and physical education majors. The 
exercise science category includes majors in exercise physiology, 
biomechanics, motor behavior, and sports medicine.

RESULTS

Educational History

Eighty-six (74.1%) of the respondents were men, and 30 
(25.9 %) were women. The mean ± SD age of the respondent 
pool was 42.0 ± 7.2 years. Of the 116 respondents, 90 
(77.6%) had earned a bachelor of science degree at the com 
pletion of their undergraduate education, 11 (9.5%) had earned 
a bachelor of arts degree, and the remaining 15 (12.9%) had 
earned some other form of bachelor's degree. Seventy-three 
(62.9%) respondents had earned a master of science degree, 
23 (19.8%) had earned a master of arts, and 20 (17.2%) had 
earned a master of education. Four individuals (3.4%) had 
earned a second master's degree. Forty-five (38.7%) respon 
dents had completed an accredited (CAHEA or CAAHEP) or 
approved (NATA) undergraduate athletic training program, 
and 38 (32.7%) had completed an NATA-approved graduate 
athletic training program. The types and percentages of doc 
toral degrees received are shown in Figure 1. The areas of 
study in which these degrees were earned are presented in 
Figure 2.

Forty-nine percent (n = 57) of the respondents were full- 
time students while pursuing their doctoral degree, 26% (n = 
30) pursued their doctorate part time, and the remaining 25% 
(n = 29) attended for a combination of part time and full time. 
Sixty-seven percent (n = 78) had a graduate assistantship, and 
35% (n = 41) received funding from an employer for at least 
a portion of their time as a doctoral student. The duties per 
formed by those with assistantships included teaching (49%, 
n = 57), clinical athletic training services (33%, n = 38), 
research (24%, n = 28), or some combination of these duties.

Table 2. Academic Ranks and Job Titles Held by Certified 
Athletic Trainers (with Doctoral Degree)

_____________________________No. (%)*______
Academic rank

Instructor 1 (0.9) 
Assistant professor 42 (37.5) 
Associate professor 38 (33.9) 
Full professor 27 (24.1) 
Adjunct faculty 4 (3.6)

Job title
Program director 59 (52.7) 
Department chair 17(15.2) 
Head athletic trainer 10 (8.9) 
Assistant athletic trainer 16 (14.0)

'Percentages do not sum to 100% because not all respondents fit into 
these specific categories.

Employment Characteristics
Job title data are presented in Table 2. Note that respondents 

were allowed to report more than 1 job title. Fifty-seven per 
cent (n = 66) held jobs within a department of exercise sci 
ence or kinesiology, 35% (n = 41) within a department of 
allied health or medicine, and 8% (n = 9) in some other de 
partment. These departments were housed in a variety of dif 
ferent colleges, including colleges of health, physical educa 
tion, and recreation (28%, n = 32); education (28%, n = 32); 
and allied health or medicine (22%, n = 26). Eighty-four 
percent (n = 97) of the positions held by ATCs with doctoral 
degrees were tenure track.

Nineteen (16%) respondents were currently advising ATCs 
who were pursuing doctoral degrees. These respondents were 
advising a mean of 2.65 ±1.81 doctoral students, 2.25 ± 1.45 
of whom were pursuing their degrees full time when the sur-
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Table 3. Weekly Hours Spent by ATCs With Doctoral Degrees in the Performance of Job-Related Tasks*

Task

Classroom instruction
Clinical instruction
Classroom preparation
Clinical instruction preparation
Advising undergraduate students
Advising master's-degree students
Advising doctoral-degree students
Clinical responsibilities
Research
Grant writing
Service total
Administrative duties
Other
All tasks (total hours worked)

Overall

7.9 ±
3.7 ±
7.1 ±
0.8 ±
3.0 ±
2.2 ±
0.7 ±
6.0 ±
6.1 ±
1.1 ±
6.5 ±
8.1 ±
1.2 ±

54.3 ±

3.8
4.8
5.9
1.4
2.8
2.8
1.7
10.5
7.8
2.4
4.9
8.1
3.8
16.1

PDs

8.3 ±
4.1 ±
7.0 ±
1.0 ±
3.5 ±
2.2 ±
0.4 ±
5.4 ±
5.1 ±
0.8 ±
6.3 ±

10.7 ±
1.6 ±

56.3 ±

3.2
4.9
6.0
1.6
2.5t
3.1
1.0
7.8
5.5
2.2
4.5
8.5t
4.8
15.9

NPDs

7.6 ±
2.7 ±
7.3 ±
0.6 ±
2.4 ±
2.3 ±
1.0 ±
6.2 ±
7.4 ±
1.5 ±
6.9 ±
5.5 ±
0.8 ±

52.0 ±

4.2
4.2
5.9
1.1
2.9f
2.4
2.2
12.5
7.5
2.6
5.5
6.9f
2.4
16.5

6.

DGIs

8 ±
3.6 ±
5.
0.
2.
2.
1.
6.

3 ±
6 ±
6 ±
6 ±
,2 ±
,1 ±

7.5 ±
1.2 ±
6.4 ±
7
1

52

.7 ±

.4 ±

.9 ±

3.7*
5.0
5.4*
1.4
3.2
2.5
2.2§
11.7
9.6§
2.7
5.3
8.0
4.5
17.8

NDGIs

9.1
3.7
9.0
1.0
3.4
1.8
0.1
6.0
4.5
1.0
6.7
8.6
1.0

55.8

± 3.5*
± 4.7
± 5.8*
± 1.4
± 2.2
± 3.0
± 0.4§
± 9.2
± 4.6§
± 2.0
± 4.5
± 8.2
± 2.9
± 14.1

*Values are expressed as means ± SD. ATC indicates certified athletic trainer; PD, program director; NPD, non-program director; DGI, doctoral- 
granting institution; and NDGI, non-doctoral-granting institution. 

tPDs spent significantly (P < .05) more time performing this task than NPDs.
^Respondents at NDGIs spent significantly (P < .05) more time performing this task than respondents at DGIs. 
§Respondents at DGIs spent significantly (P < .05) more time performing this task than respondents at NDGIs.

vey was completed. Eighty-seven percent of the current doc 
toral students were funded by the institution they attended. 
Most often, these students held teaching assistant or research 
assistant positions.

In the performance of their jobs, ATCs with a doctoral de 
gree spent time in a variety of different areas (Table 3). Thirty- 
nine percent of respondents felt that they were unable to main 
tain their clinical skills in their current positions. Relative to 
the NPDs, the PDs spent significantly (P < .05) more time 
advising undergraduate students and performing administra 
tive duties. Relative to respondents working at NDGIs, re 
spondents working at DGIs spent significantly (P < .05) more 
time performing research and advising doctoral students and 
less time teaching in the classroom and preparing for class 
room instruction.

Desired Competencies for ATCs Earning Doctoral 
Degrees

The overall mean rating for all competencies for all respon 
dents was 4.10 ± 0.36. Competencies deemed significantly 
more or less important by the entire subject pool, differences

in competency importance between PDs and NPDs, differenc 
es in competency importance between employees of DGIs and 
NDGIs, and differences in competency importance between 
doctoral student advisors and non-advisors are shown in Tables 
4, 5, 6, and 7, respectively.

DISCUSSION

Educational History

As athletic training continues to emerge as a distinct entity 
in health care, doctoral programs designed specifically for 
ATCs must continue to evolve. The importance of different 
allied health professions developing discipline-specific doctor 
al programs has been previously emphasized. 5 Additionally, 
the NATA Education Council has identified the need for de 
velopment of more doctoral programs in athletic training.2 Our 
results demonstrate that more than half of our sample obtained 
doctoral degrees in majors other than the exercise sciences. 
Nearly one quarter of respondents earned degrees relating to 
education and administration. The need to expand the knowl-

Table 4. Competencies Rated More Important and Less Important by All Respondents*

More Important 
Competencies

Teach undergraduate athletic training
classes

Teach graduate athletic training classes
Administrative skills (CAAHEPf)
Advance athletic training profession through

research
Perform independent athletic training

research
Mentor graduate students in research
Provide leadership in academia
Present athletic training information to a

variety of groups

Competencies were rated on a 5-point Likert

Rating, 
mean 
±SD P Value

4.57
4.35
4.28

4.28

4.31
4.32
4.42

4.37

scale

± 0.71 <.0005
± 0.81 .001
± 0.82 .025

± 0.75 .011

± 0.74 .004
± 0.85 .003
± 0.75 <.0005

± 0.77 <.0005

(1, not important; 5,

Less Important 
Competencies

Teach classes outside athletic training
Obtain funding through grants
Perform athletic training education research
Perform clinical outcomes research
Clinical athletic training skills

extremely important).

Rating, 
mean 
±SD P Value

3.33 ± 0.98 <.0005
3.74 ± 0.76 <.0005
3.81 ± 0.86 .001
3.72 ± 0.84 <.0005
3.79 ± 0.92 .001

tCAAHEP indicates Commission on Accreditation of Allied Health Education Programs.
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Table 5. Differences in Competency Importance Reported by Program Directors (PDs) and Non-Program Directors (NPDs)*

PD Rating, 
mean ± SD

NPD Rating, 
mean ± SD P Value

More important competencies to PDs 
Administrative skills (CAAHEPf) 
Clinical athletic training skills

Less important competencies to PDs 
Collaborative research with exercise science faculty 
Define research priorities in athletic training 
Advise doctoral students who are ATCs

4.42 ± 0.75 
4.01 ± 0.85

3.79 ± 0.77 
3.99 ± 0.70 
3.73 ±1.10

4.12 ± 0.87 
3.55 ± 0.97

4.14 ± 0.87 
4.26 ± 0.69 
4.30 ± 0.71

.05 

.009

.028

.05

.002

Competencies were rated on a 5-point Likert scale (1, not important; 5, extremely important) by PDs (n = 59) and NPDs (n = 51). 
fCAAHEP indicates Commission on Accreditation of Allied Health Education Programs; ATC, certified athletic trainer.

Table 6. More Important Competencies Reported by Employees of Doctoral-Granting Institutions (DGIs) and Non-Doctoral-Granting 
Institutions (NDGIs)*

DGI Employee 
Rating, mean ± SD

NDGI Employee 
Rating, mean ± SD P Value

More important competencies to DGIs
Obtain external funding through grants
Advance athletic training profession through research
Perform independent athletic training research
Perform collaborative research with exercise scientists
Mentor graduate students in research

More important competency to NDGIs
Administrative skills (CAAHEPf)

3.89 ± 0.74
4.44 ± 0.68
4.46 ± 0.68
4.16 ± 0.77
4.53 ± 0.71

4.08 ± 0.83

3.57
4.11
4.15
3.76
4.11

4.48

± 0.74
± 0.79
± 0.79
± 0.87
± 0.76

± 0.77

.023

.02

.028

.01

.004

.012

Competencies were rated on a 5-point Likert scale (1, not important; 5, extremely important) by employees of DGIs (n = 58) and NDGIs (n = 54). 
fCAAHEP indicates Commission on Accreditation of Allied Health Education Programs.

Table 7. More and Less Important Competencies Reported by Doctoral Student Advisors (DAs) and Non-Advisors (NDAs)*

DA Rating, 
mean ± SD

NDA Rating, 
mean ± SD P Value

More important competencies to DAs 
Advance athletic training profession through research 
Perform independent athletic training research 
Perform collaborative research with exercise scientists 
Define research priorities in athletic training 
Mentor graduate students in research

Less important competency to DAs 
Administrative skills (CAAHEPf)

4.78 ± 0.43 
4.72 ± 0.46 
4.44 ± 0.70 
4.56 ± 0.51 
4.83 ± 0.38

3.89 ± 0.96

4.19 ± 0.76 
4.23 ± 0.76 
3.88 ± 0.84 
4.05 ± 0.71 
4.23 ± 0.80

4.35 ± 0.78

.002

.009

.008

.005

.002

.028
Competencies were rated on a 5-point Likert scale (1, not important; 5, extremely important) by DAs (n = 19) and NDAs (n = 94). 
tCAAHEP indicates Commission on Accreditation of Allied Health Education Programs.

edge base of athletic training will require the training of doc 
toral-educated ATCs who have the skills necessary to perform 
independent research specifically in the area of athletic train 
ing. The creation of more doctoral programs specifically in the 
area of athletic training is one potential way to address this 
need.

Nearly one half of our respondents pursued their doctoral 
degrees exclusively on a full-time basis. This finding is of 
potential interest because Sakalys et al6 demonstrated different 
motivations and goals in registered nurses pursuing doctoral 
degrees on full-time and part-time bases. Full-time doctoral 
students were more likely to be open to a variety of different 
employment settings after completing their degrees, including 
teaching and research positions, administration and manage 
ment positions, and clinical positions. Part-time students were 
more likely to have the goal of retaining their current positions 
and were more likely to want to teach full time upon comple 
tion of their degrees. 6 This disparity between full-time and

part-time doctoral students may be of interest to doctoral stu 
dent advisors.

Employment Characteristics
We found that doctoral-educated ATCs tend to be in the 

lower academic ranks in their institutions. Forty-four percent 
(n = 51) of respondents were at the instructor, adjunct, or 
assistant professor rank. This disproportionate number of ath 
letic training faculty at the lower academic ranks could be due 
to the relatively young mean age of athletic training faculty. 
Administratively, only 17 (15%) held department chair posi 
tions, and none held higher administrative positions (eg, dean, 
provost). The NATA Education Task Force2 recommended that 
ATCs need to become involved in determining policy in their 
institutions by advancing to upper academic ranks and higher 
administrative positions. At this point, it appears that this goal 
is not being met on a national level.
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The NATA Education Task Force2 also recommended that 
athletic training education programs move to align themselves 
with academic departments revolving around allied health pro 
fessions. Only 35% of our respondents were employed within 
departments of allied health, and only 22% were housed in 
colleges of allied health. Athletic training faculty were most 
likely to be housed in departments of kinesiology or exercise 
science and colleges of health, physical education, and recre 
ation, or education. Tenure and promotion decisions in the 
allied health and medical professions are typically based on 
the medical model, which includes a review of teaching, ser 
vice, and scholarly activity that consists of research and clin 
ical care expertise.7 In contrast, promotion and tenure deci 
sions for non-health care faculty are typically based on the 
academic model, which only assesses a faculty member's 
teaching, service, and scholarly activity record; consideration 
of the clinical care expertise is quite variable among individual 
institutions.

Interestingly, 45 (39%) respondents stated that their current 
positions did not allow them the time necessary to maintain 
their clinical athletic training skills. Given that athletic training 
is a clinical health care profession, we believe that mainte 
nance of clinical skills should be an important component of 
the job responsibilities of athletic training educators and re 
searchers. Also, some faculty may have chosen to decrease 
their clinical workload in favor of a more academic workload 
as a matter of lifestyle change. Granting that the large majority 
(86%) of respondents were in tenure-track positions and most 
were not employed in departments of allied health, it is pos 
sible that clinical skills are not given due consideration in the 
tenure review process of these individuals. 8 Further research 
is needed to examine this professional concern.

The time spent on job-related tasks performed by individual 
respondents varied widely. Interesting differences were noted 
in the time spent performing these duties between PDs and 
NPDs and between those employed in DGIs and NDGIs. Pro 
gram directors spent significantly more time advising under 
graduate students and performing administrative tasks. Doc 
toral-educated ATCs working at DGIs spent significantly more 
time advising doctoral students and performing research. 
These same respondents spent less time preparing for, and in 
structing in, the classroom than their counterparts at NDGIs. 
This difference most likely exists because faculty at DGIs 
have smaller formal teaching loads assigned to them than 
faculty at NDGIs. Faculty at DGIs are often expected to men 
tor graduate student research projects as part of their teaching 
responsibilities. Although those at DGIs may spend fewer 
hours teaching in the classroom, their total time performing 
teaching duties may be on par with the time spent by those 
at NDGIs. The emphases on different job-related duties de 
pend on institution type and on whether or not the person 
holds the title of PD.

Desired Competencies for ATCs Earning Doctoral 
Degrees

Our analyses used several multiple comparison models. Tra 
ditionally, when multiple comparisons are performed, the risk 
of type I error increases, and a Bonferroni correction should 
be made to adjust the level of statistical significance and make 
the analyses more conservative. With our list of 22 competen 
cies, application of the Rom9-modified Bonferroni correction, 
a more liberal approach than the traditional method, resulted

in a suggested P value of .002. We viewed this value as an 
overly conservative level of significance to be used for survey 
research, and thus, chose not to apply any method of Bonfer 
roni correction. Given the nature of the data, we felt that the 
risks of making a type I error were of less concern than the 
loss of information related to differing perspectives on doc 
toral education that would have occurred with a more conser 
vative analysis. We advise readers that type I error is likely to 
have occurred in the analyses of competency comparisons, al 
though the specific comparisons affected are not known. Thus, 
the results should be interpreted accordingly.

Respondents rated competencies relating to teaching athletic 
training classes, performing athletic training research, possess 
ing administrative skills, and providing professional leadership 
as being the most important for new doctoral-trained ATCs to 
possess. These competencies constitute the common triad of 
research, teaching, and service often used for tenure and pro 
motion decisions using the academic model.

All of the competencies included in our survey had mean 
scores greater than 3.33 on a 5-point Likert scale. Therefore, 
none of the competencies were considered to be "not impor 
tant" by our respondents. Instead, the competencies with sta 
tistically lower means should be considered as being relatively 
less important in comparison with the higher-rated competen 
cies.

Additionally, a sampling bias may have occurred. We iden 
tified ATCs with doctoral degrees through lists of NATA com 
mittee members, sports medicine journal contributors and re 
viewers, and accredited athletic training program directors. As 
a result, our sample may have neglected to include ATCs with 
doctoral degrees who were not active in national professional 
activities. Also, our sample included ATCs with doctoral de 
grees who were working in academic disciplines other than 
athletic training (eg, physical therapy, adapted physical edu 
cation, sports management).

Clinical athletic training skills, teaching classes outside of 
athletic training, obtaining external funding through grants, 
and performing research relating to clinical outcomes and ath 
letic training education were rated as being the least important 
competencies for new doctoral-trained ATCs to possess. These 
findings may be due to the nature of the model for promotion 
and tenure evaluation by which most doctoral-trained ATCs 
are judged. For example, if clinical athletic training skills are 
not considered a valuable competency by promotion and ten 
ure committees, the tenure-track athletic training faculty will 
consequently spend less time maintaining their clinical skills 
and dedicate more time to teaching, research, and service.

Interesting differences were noted in the ratings of compe 
tencies by PDs and NPDs. Program directors rated the admin 
istrative skills to direct a CAAHEP-accredited athletic training 
education program and clinical athletic training skills as sig 
nificantly more important than NPDs did. Non-program di 
rectors rated the ability to perform collaborative research with 
exercise science faculty, to define research priorities in athletic 
training, and to advise doctoral students who are ATCs as be 
ing more important competencies than did PDs. These findings 
represent seemingly different priorities between PDs and 
NPDs, with PDs emphasizing competencies related to under 
graduate education and NPDs emphasizing research compe 
tencies. Again, none of the competencies were rated as "not 
important" by either group, but rather the relative importance 
of these competencies differed between groups.

Several differences were also found between respondents
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currently advising doctoral students who are ATCs and those 
who were not advising these students. The doctoral student 
advisors identified 5 research-related competencies as signifi 
cantly more important than the non-advisors did. The advisors 
rated the possession of administrative skills necessary to direct 
a CAAHEP-accredited athletic training program as signifi 
cantly less important than did non-advisors. Because the doc 
toral student advisors are mentoring the next generation of 
athletic training educators, their views are likely to greatly 
influence new doctoral-educated ATCs. Conflicts appear to ex 
ist between the relative importance of competencies as viewed 
by PDs and doctoral student advisors, with advisors empha 
sizing research skills and PDs emphasizing administrative and 
clinical skills. It should be noted that 8 of the 19 doctoral 
advisors also served as program directors.

Similar findings have been noted among other health care 
professionals. The goals of nursing doctoral students changed 
as they advanced through doctoral programs, with more ad 
vanced students wanting to attain more research-related posi 
tions and fewer advanced students wanting positions at NDGIs 
upon completion of their degrees. 10 The influence of doctoral 
advisors on their students may affect such career goal changes.

The results of the comparison of the importance of com 
petency between employees of DGIs and NDGIs were very 
similar to those comparing the ratings of competencies by doc 
toral student advisors and non-advisors. Those at DGIs rated 
research competencies as most important and administrative 
skills as less important. The ability to generate external fund 
ing through grant writing was also rated as more important by 
those working at the more research-oriented DGIs. This find 
ing was expected, as the focus of DGIs and NDGIs is typically 
different with regard to generating external research funding.

Implications

The creation of doctoral programs in athletic training is 
driven by the need to develop a theoretical and research 
knowledge base to validate the clinical practice of athletic 
training. The establishment of this knowledge base will allow 
athletic training to be viewed as a distinct field of study within 
academia. Boore5 asserted that the development of doctoral 
programs in an allied health profession (in this case, athletic 
training) is driven by the need to develop a research base that 
validates the common clinical practice techniques in the re 
spective profession. Training more clinicians with research 
skills who can validate advances in the clinical practice of 
health care has been recommended. 11

As doctoral programs in athletic training are developed at 
different institutions, graduates must be prepared to master 
certain competencies. Boore5 suggested that doctoral programs 
in the allied health professions should have 3 primary foci: 
theory of clinical practice, advanced care specialty training, 
and research. Elder and Nick4 reported 21 competencies that 
were rated as "very important" by deans of allied health col 
leges for new doctoral graduates to possess. These competen 
cies were divided into 3 categories: general competencies such 
as logical thinking and leadership skills, teaching competen 
cies, and research competencies.

Jansma and Surburg 12 reported a total of 79 competencies 
for doctoral graduates in adapted physical education developed 
by members of that profession. They suggested that compe 
tencies for doctoral programs should be viewed as guidelines 
for preparing doctoral students in research, teaching, and ser

vice in academia rather than as a means of standardization of 
doctoral programs at different institutions.

We are not suggesting that a list of competencies like those 
now used to accredit entry-level athletic training education 
programs be created to accredit doctoral programs in athletic 
training. However, as new doctoral programs in athletic train 
ing develop, the goals needed to train the next generation of 
athletic training educators and researchers must be addressed 
in earnest by existing faculty. New doctoral programs must be 
built around the strengths of the faculty at each institution on 
an individual basis. Many doctoral programs will focus more 
on specific competencies than others. Individual faculty-stu 
dent mentoring in research activities is one of the keystones 
of graduate education in the United States, and we believe that 
this mentoring should remain an integral part of doctoral ed 
ucation in athletic training. However, the mastery of a knowl 
edge base incorporating the breadth of clinical athletic training 
practice is also extremely important in the development of 
future athletic training faculty. The potential of "overspecial- 
ization" of doctoral students has been suggested by Knapp, 13 
who cautioned that doctoral students can become so focused 
on specific areas within their fields of study that they are un 
able to teach broad-ranging undergraduate courses upon grad 
uation.

Earning a terminal degree has been recommended for those 
ATCs aspiring to become PDs. 14 Perrin and Lephart8 discussed 
the paradox for athletic training PDs who try to maintain clin 
ical skills and perform independent research in an effort to 
achieve tenure and promotion. The importance of undergrad 
uate health care instructors remaining clinically active has 
been previously discussed in the allied health literature. 15 In 
cluding clinical practice as part of the service aspect of the 
tenure review process has been suggested, but often the review 
of athletic training faculty is not performed by other faculty 
involved in the clinical practice of health care. 8 Additionally, 
Perrin and Lephart8 expressed the opinion that student percep 
tions of athletic training faculty who do not maintain clinical 
practice skills may be less than optimal and may result in 
lower educational outcomes. We highly recommend the use of 
the medical model for promotion and tenure reviews of athletic 
training faculty.

The role of doctoral-educated ATCs as clinical instructors 
varies extensively among individuals. Formal training in ed 
ucational methods has been shown to increase the confidence 
of clinical supervisors during clinical instruction of student 
athletic trainers. 16 These findings, combined with our sample's 
rating of the ability to teach undergraduate and graduate ath 
letic training courses as important competencies for new fac 
ulty to possess, suggest that athletic training doctoral students 
should be given ample training and practice in performing 
both classroom and clinical instruction during graduate school. 
In conjunction with educational facets and advanced clinical 
knowledge, an athletic training doctoral program should also 
provide the student with thorough research and administrative 
training, which will prepare the student for a career in higher 
education.

The results of this survey give a comprehensive view of the 
educational history and employment characteristics of doctor 
al-educated ATCs. Additionally, the results elucidate the im 
portance of specific competencies for new doctoral-educated 
ATCs upon completion of graduate school as viewed by cur 
rent doctoral-educated ATCs. These findings may be helpful
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to institutions developing new doctoral programs in athletic 
training and to ATCs considering earning doctoral degrees.
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COMMENTARY

Christopher D. Ingersoll

Christopher D. Ingersoll, PhD, ATC, FACSM, a JAT Editorial 
Board member, is Professor and Chair of the Athletic Training 
Department at Indiana State University, Terre Haute, IN.

"Educational History, Employment Characteristics, and De 
sired Competencies of Doctoral-Educated Athletic Trainers" 
is certainly a timely and important paper as the job market for 
terminally degreed athletic training scholars continues to grow. 
Dr Hertel and colleagues should be commended for beginning 
to provide data to describe this population of athletic trainers. 
They identified 3 purposes for their study: (1) to assess the 
educational history of doctoral-educated certified athletic train 
ers (ATCs); (2) to determine the current employment charac 
teristics of doctoral-educated ATCs who work in academic in 
stitutions; and (3) to identify which competencies 
doctoral-educated ATCs felt were important for new doctoral

graduates to possess upon graduation. Clearly, all 3 of these 
purposes are important.

The demographics on educational history and employment 
characteristics are very valuable for understanding the general 
trends relating to these issues. However, several sampling is 
sues make it difficult to generalize these findings. The subjects 
of this study were from a sample of convenience. Samples of 
convenience are sometimes necessary, but not in this case. The 
NATA possesses a database that allows identification of ATCs 
who are members of NATA and possess terminal degrees. 
There are 2 basic problems in using a sample of convenience 
for this study. First, participants were identified through au 
thorship in sports medicine journals, NATA committee lists, 
and a list of program directors. Individuals identified in this 
way do not necessarily represent the average or typical doc 
toral-educated ATC but more likely represent leaders in the 
profession. Although assessing education history, employment 
characteristics, and competency importance of education lead 
ers is valuable, these data should not be misrepresented as 
typical. Further, the stated sampling procedure did not ensure 
that the doctoral-educated ATCs were involved in athletic 
training education or that they possessed their positions as a 
result of being doctoral-educated ATCs. Certified athletic 
trainers with terminal degrees may be primarily physical ther 
apy educators or may work in other settings not directly re 
lated to athletic training. Not working in a setting directly re 
lated to athletic training is less of a concern than the extent to 
which other credentials may have influenced the nature of the 
position (ie, having a physical therapist license was the influ 
ential factor in obtaining the employment in that setting). If 
other credentials or experiences influenced the nature of em 
ployment secured, they should be factored out to accurately 
represent the roles and opinions of doctoral-educated ATCs.

Multiple univariate statistical analyses were used in this 
study, which presents a problem in interpreting the actual 
probability of a type I error (the probability that the effects 
are different due to chance). The overall probability of com 
mitting a type I error in an experiment using multiple univar 
iate tests is 1 — (1 — a)c , where a is the accepted level of 
probability of a type I error (ie, P = .05) and c represents the 
number of univariate tests performed. ] It appears that 22 t tests 
and 66 analyses of variance were performed in this study. 
Therefore, just considering the number of analyses of variance 
performed, the actual overall probability level was 1 — (1 — 
a)c = 1 - (1 - .05)66 = 0.97, which means that there was 
a 97% probability of a type I error. Stated in another way, 
97% of the time, any differences detected would be due to 
chance. Consequently, it is difficult to determine if the differ 
ences identified in this study are true differences. Using mul 
tiple univariate tests may be appropriate if the effects are in 
dependent of one another. 2 In this case, the 22 competencies 
are related.

On the whole, Hertel et al present some very thought-pro 
voking information, some positive and some disturbing. Al 
though I am not confident in the inferences from the statistical 
analyses in this study, some general trends are apparent and 
should be pursued and discussed. This paper serves as an ex 
cellent springboard for discussion on the roles and attitudes of 
doctoral-educated ATCs. More information is needed to un 
derstand this new and growing population of athletic trainers.
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AUTHORS' RESPONSE

We appreciate Dr Ingersoll's commentary on our manuscript 
and the opportunity to respond. Dr Ingersoll raises 3 central 
issues in his commentary: sampling, professional preparation 
in addition to doctoral study, and data analysis. We offer re 
sponses to these issues in the order in which they were raised.

Our identification of doctoral-educated ATCs was a labor- 
intensive effort and more involved than simply requesting a 
list of ATCs who met our inclusion criteria from the NATA. 
It would have been possible, as Dr Ingersoll suggested, to 
access other sources, such as the NATA membership database. 
This database, however, uses members' self-reported educa 
tional preparation. Thus, there is no assurance of the compre 
hensiveness of this approach. In preparing this response, we 
requested from the NATA a list of all ATCs with terminal 
academic degrees. The list returned to us by NATA in August 
2000 contained 562 names, including individuals with self- 
reported credentials of both terminal academic degrees (PhD, 
EdD, HSD, DA) and terminal professional degrees (MD, DO, 
DPM, DC, DPT). Interestingly, the list we procured from the 
NATA also included some individuals who did not have their 
terminal degrees, as some ATCs with the credentials of MEd 
were also included. To make matters more confusing, the list 
did not specify each person's credentials, so we were unable 
to ascertain which of these individuals held terminal academic 
degrees, which had earned terminal professional degrees, and 
which did not, in fact, hold a terminal degree.

Of those appearing on the NATA-provided list, 110 of our 
sample of 130 who were mailed surveys were listed. This in 
dicates that through our methods of sampling, we were able 
to identify 20 individuals who met our inclusion criteria but 
did not appear on the NATA-provided list. We were able to 
eliminate 126 individuals from the NATA list because of their 
listed credentials (nonacademic terminal degree) or because 
their mailing addresses indicated that they were not currently 
employed in an academic setting. This exclusion left 326 in 
dividuals on the NATA-provided list, who may or may not 
have met our inclusion criteria. Included in these remaining 
326 were individuals who had received their terminal academ 
ic degrees since our initial mailing in March 1998, who may 
have had either a terminal academic or a terminal professional

degree, or who may not have had a terminal degree at all. 
Additionally, because many ATCs list their home mailing ad 
dress with the NATA, it was unclear which of these individuals 
were employed in an academic setting. We believe that our 
sample of convenience was as representative a sample of ATCs 
with doctoral degrees working in the academic setting as 
would have been available from any other source.

We agree with Dr Ingersoll that factors other than those 
addressed in this project, such as a subject's concurrent licen- 
sure as a physical therapist, may have influenced individual 
responses to the survey questions. Other factors, such as being 
a paramedic or having professional preparation before com 
pleting doctoral study, are also worthy of assessment. We hope 
this paper and exchange of commentary will facilitate the in 
quiry into such issues by future investigators.

The final issue addressed by Dr Ingersoll involves our data 
analysis and the risk of type 1 error. Although the calculations 
offered in his commentary are correct, the application of these 
statistical methods in survey research is not unprecedented. 1 
Although this statistical approach may be novel in sports med 
icine research, it is more commonplace in educational re 
search. When faced with the analysis of responses to a large 
number of questions, investigators must narrow the focus to 
those responses that emerge as being of greatest interest. 2 One 
could choose an arbitrary criterion, such as the 5 responses 
with greatest differences or all responses with differences of 
greater than 1 unit. Neither approach ensures any greater guar 
antee that items selected represent true population differences 
than the use of multiple t tests or analyses of variance does. 
We chose to use parametric statistical tests to identify areas of 
focus for analysis and discussion. This approach is commonly 
applied in disciplines such as educational research when the 
nature of the project is exploratory and the consequences of 
type I error are negligible, as was the case in our investiga 
tion. 2 Although other investigators might have selected anoth 
er approach to identify focus areas, we believe the approach 
we used was the most appropriate for this project and consis 
tent with contemporary survey research methodology.
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Objective: To compare the perceptions of students and clin 
ical instructors regarding helpful clinical instructor characteris 
tics.

Design and Setting: We developed a questionnaire contain 
ing helpful clinical instructor characteristics for facilitating stu 
dent learning from a review of the medical and allied health 
clinical education literature. Respondents rated clinical instruc 
tor characteristics from 1 (among the least helpful) to 10 
(among the most helpful). Respondents also identified the over 
all 10 most helpful and 10 least helpful characteristics.

Subjects: A total of 206 undergraduate students and 46 clin 
ical instructors in the National Athletic Trainers' Association Dis 
trict 4 athletic training education programs accredited by the 
Commission on Accreditation of Allied Health Education Pro 
grams responded to the survey.

Measurements: We computed individual-item and subgroup 
mean scores for students, clinical instructors, and combined 
students and instructors. Pearson product moment correlations

were computed to evaluate the level of agreement between stu 
dents and instructors. Correlations were also computed to eval 
uate the level of agreement between the open-ended respons 
es and the Likert-scale responses.

Results: Agreement was high between the students' and the 
clinical instructors' ratings of individual items. Agreement was 
also high between individual-item means and the directed, 
open-ended 10 most helpful and 10 least helpful clinical instruc 
tor characteristics. Modeling professional behavior was consid 
ered the most helpful subgroup of clinical instructor character 
istics. Integration of knowledge and research into clinical 
education was considered the least helpful subgroup of clinical 
instructor characteristics.

Conclusions: Clinical instructors should model professional 
behavior to best facilitate student learning. Integration of re 
search into clinical education may need more emphasis.

Key Words: clinical education, clinical skills, teaching and 
learning

T he National Athletic Trainers' Association (NATA) Ed 
ucation Council has positioned clinical education as one 
of the most pressing issues of reform in athletic training 

education.' One approach to this reform is to qualify the clin 
ical education experience with purposeful objectives rather 
than chance learning experiences. Many health care profes 
sions use clinical education2"6 to reinforce the theoretic infor 
mation presented in a didactic (classroom) format. This 
"hands-on" experience has been shown to be valuable in ath 
letic training7"9 and other health care professions such as med 
icine, nursing, and physical therapy. 2 ' 10" 15 Clinical education, 
the integration of theoretic and practical educational compo 
nents into real-life situations with athletes or patients, should 
promote and help ensure a positive and constructive learning 
experience, so that appropriate skills, behaviors, and attitudes 
for future professional practice are learned and applied. 16 Clin 
ical education helps students to learn skills and to apply the 
oretic knowledge2' 10" 12 ; therefore, improving athletic training 
professional services depends upon maintaining high-quality 
clinical education. Clinical instructors serve an important role 
in the facilitation and integration of athletic training knowl 
edge and skills; thus, it is important to identify and promote 
helpful clinical instructor qualities.

Certified athletic trainers agree that clinical instruction is an 
important component of athletic training education. 9 However, 
the characteristics that constitute effective clinical instruction 
in athletic training are not well defined. Therefore, clinical 
instructors may lack information and direction in instructing 
students and in improving their own professional development 
activities. 9

Previous researchers7 have identified and described critical 
helpful and hindering clinical teaching behaviors of supervis 
ing athletic trainers, as perceived by student athletic trainers. 
Yet no athletic training research has compared the responses 
of both students and clinical instructors regarding helpful 
teaching characteristics. The purpose of our study was to com 
pare the perceptions of students and clinical instructors of the 
instructor characteristics that were regarded as the most and 
least helpful in facilitating student learning.

METHODS
We developed a 49-item, 8-subgroup questionnaire contain 

ing helpful clinical instructor characteristics from a review of 
the medical and allied health clinical education litera 
ture. 3 '4 '8 ' 16"21 Only items and subgroups that were validated
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Table 1. Most Helpful Clinical Instructor Characteristics

Rank*

1
2
3

4-5

6-7

8
9

10

Mean 
Ratingf

9.25
9.19
9.04
9.01

9.01
9.00
9.00
8.94
8.92
8.91

Characteristic

Displays confidence
Demonstrates respect for the student
Manages clinical emergencies well
Provides opportunities for students to practice both

technical and problem-solving skills
Demonstrates skills for the students
Is willing to admit when he/she does not know
Discusses practical application of knowledge and skills
Remains accessible to students
Communicates what is expected of students
Listens attentively to students and athletes

Subgroup

Modeling
Humanistic Orientation
Modeling
Student Participation

Modeling
Self-Perception
Problem Solving
Humanistic Orientation
Instructional Strategy
Clinical Instructor Attitude Toward Teaching

indicates rank among 42 characteristics.
fMean ratings are combined (student and clinical instructor) mean ratings. Mean ratings were calculated from ratings on a scale of 1 to 10.

by the literature to be "helpful" toward student learning were 
included. The questionnaire was piloted with a convenience 
sample of 22 students and 7 clinical instructors to gather in 
formation about clarity, format, redundancies, and relevance. 
As a result of the feedback from the pilot study, the 8 sub 
groups were unchanged; however, 7 individual items were 
eliminated, leaving a 42-item questionnaire. The subgroups in 
cluded in the questionnaire were Student Participation (4 
items); Clinical Instructor Attitude Toward Teaching (4 items); 
Problem Solving (5 items); Instructional Strategy (6 items); 
Humanistic Orientation (6 items); Knowledge and Research (6 
items); Modeling (7 items); and Self-Perception (4 items).

Packets with questionnaires, instructions, and postage-paid 
return envelopes were mailed to all directors of athletic train 
ing education programs accredited by the Commission on Ac 
creditation of Allied Health Education Programs in NATA 
District 4 (n = 20), excluding Ball State University. Program 
directors were informed that the study was approved by the 
institutional review board and that participation was voluntary. 
We asked that the questionnaires be distributed to clinical in 
structors and undergraduate student athletic trainers. A clinical 
instructor was defined as a person who provides direct super 
vision and instruction to students in the clinical aspect of ath 
letic training education. Graduate assistants were considered 
clinical instructors if they were classified as such by the pro 
gram director. Student athletic trainers were defined as students 
who were formally accepted into the undergraduate athletic 
training education program and who were deemed by the pro 
gram director to have an opinion on helpful clinical instructor 
characteristics.

Respondents were asked to rate each characteristic on a 1 
to 10 Likert scale, indicating the characteristic's helpfulness to 
student learning, with 1 being among the least helpful and 10 
being among the most helpful. Each item was scored indepen 
dently. Respondents were then asked to identify the 10 most 
helpful and 10 least helpful characteristics overall in a direct 
ed, open-ended format. For this section, respondents could 
choose any of the 42 items from the questionnaire, regardless 
of their prior rating of helpfulness. This was done to compare 
the mean ratings of the individual items.

Sixteen (80.0%) of the program directors returned question 
naires. We computed individual-item and subgroup mean 
scores for students, clinical instructors, and combined students 
and instructors. Subgroup mean scores were also computed. 
We computed Pearson product moment correlations to evalu 
ate the level of agreement between the students' and instruc

tors' individual-item means and between male and female stu 
dents' individual-item means. Pearson product moment 
correlations were also computed for the individual-item mean 
responses with the proportion of respondents who identified 
items in the directed, open-ended listing of the 10 most and 
10 least helpful characteristics.

RESULTS
Of the 47 clinical instructor respondents, 25 (53.2%) had 

10 or more years of experience, and 42 (89.4%) had a graduate 
degree. Of the 206 student respondents, 157 (76.2%) had 400 
or more hours of clinical education experience, 146 (70.9%) 
were juniors or seniors, 127 (62%) were women, and 79 (38%) 
were men. The combined (student and clinical instructor) 
mean ratings for the 10 most helpful clinical instructor char 
acteristics are presented in Table 1.

The combined mean ratings for the 10 least helpful char 
acteristics are presented in Table 2. The mean score gives an 
indication of an individual item's helpfulness toward student 
learning, with 10 representing among the most helpful. The 
ranking gives the relative importance of each item in compar 
ison with all other questionnaire items. Agreement was high 
between the students' and clinical instructors' mean ratings (r 
— .88) and between male and female students' mean ratings 
(r = .95). Agreement was also high between the combined 
mean Likert scores of students and clinical instructors and the 
items chosen in the directed, open-ended 10 most helpful char 
acteristics (r = .83) and the directed, open-ended 10 least 
helpful characteristics (r = .95). As seen in Table 3, subgroup 
mean ratings ranged from 7.31 to 8.86. The Modeling sub 
group contained the most helpful clinical instructor character 
istics and had a subgroup mean of 8.86. "Displays confi 
dence," "manages clinical emergencies well," and 
"demonstrates skills for the students" were perceived by both 
students and clinical instructors as the most important char 
acteristics. Other Modeling characteristics, "works effectively 
with health care members," "maintains rapport with patients/ 
athletes," "actively and regularly engages in clinical prac 
tice," and "consults with others when needed," also received 
high ratings (more than 8.0) by both the students and clinical 
instructors. Three of the top 5 individual-item means and 2 of 
the 10 directed, open-ended most helpful characteristics were 
from this subgroup. The Knowledge and Research subgroup 
had the lowest mean rating (7.31). Five of the lowest 7 indi 
vidual-item means and 5 of the 10 directed, open-ended least
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Table 2. Least Helpful Clinical Instructor Characteristics

Rank* Mean Ratingf Characteristic Subgroup

42
41
40

39
38
37
36
35
34

33

5.95
6.75
7.21

7.61
7.68
7.70
7.74
7.98
8.00

Is actively involved in research
Cites important references
Occasionally challenges points presented in texts and

journals
Has an interesting style of presentation 
Discusses divergent points of view 
Is self-critical
Directs students to useful literature in the field 
Stresses physical and psychological aspects of injury 
Encourages students to share their knowledge and

experience 
Is dynamic and energetic

Knowledge and Research 
Knowledge and Research 
Knowledge and Research

Instructional Strategy 
Knowledge and Research 
Self-Perception 
Knowledge and Research 
Humanistic Orientation 
Student Participation

Clinical Instructor Attitude Toward Teaching

Indicates rank among 42 characteristics.
tMean ratings are combined (student and clinical instructor) mean ratings. Mean ratings were calculated from ratings on a scale of 1 to 10.

Table 3. Subgroup Mean Ratings

Rank*

1
2
3
4
5
6
7
8

Mean 
Ratingt

8.86
8.64
8.60
8.51
8.50
8.46
8.43
7.31

Subgroup

Modeling
Humanistic Orientation
Clinical Instructor Attitude Toward
Student Participation
Self-Perception
Problem Solving
Instructional Strategy
Knowledge and Research

Teaching

indicates rank among 8 subgroups.
tMean ratings are combined (student and clinical instructor) mean rat 
ings. Mean ratings were calculated from ratings on a scale of 1 to 10.

Table 4. Teaching Tips for Clinical Instructors

Display confidence
Demonstrate respect for students
Manage clinical emergencies well
Provide opportunities for students to practice both technical and

problem-solving skills 
Demonstrate skills for students 
Be willing to admit when you do not know something 
Discuss practical application of knowledge and skills 
Remain accessible to students 
Communicate what is expected of students 
Listen attentively to students and athletes

helpful characteristics were from this subgroup. There was rel 
atively little discrimination among the other 6 subgroups 
(means ranged from 8.43 to 8.64), with no particular pattern 
of individual-item means or directed, open-ended most and 
least helpful characteristics.

DISCUSSION
Athletic training clinical education is often judged by the 

quantity of clinical hours completed by a student. This per 
spective of clinical education places no value on the clinical 
instructor. The students' and clinical instructors' perceptions 
identified in this study of helpful clinical teaching character 
istics can more meaningfully help direct the clinical instruction 
process. Table 4 presents teaching tips for athletic trainers 
serving as clinical instructors, which will also, we hope, serve

as a catalyst for athletic trainers to seek professional devel 
opment activities designed to improve clinical instruction.

The small ratio of students to clinical instructors in athletic 
training clinical education allows clinical instructors to indi 
vidualize instruction. Considering individualized instruction, 
Curtis et al7 recommended that sex differences be explored. 
We found no differences in the perceptions of male and female 
athletic training students regarding helpful clinical instructor 
characteristics, and therefore, the teaching tips presented in 
Table 4 can be used by clinical instructors regardless of the 
student's sex.

Modeling professional behavior is the most helpful category 
of clinical instructor characteristics. Clinical instructors need 
to demonstrate and consistently improve their knowledge and 
skills. Consistent with these modeling behaviors, good clinical 
instructors have been identified as being involved with the 
students, being clear and organized, emphasizing problem 
solving, mentoring, having sound communication skills, hav 
ing a positive attitude, and providing good feedback. 3 '7 ' 16"21 
Quality clinical instructors have been described as being both 
master teachers and master practitioners. 20 Modeling and its 
specific characteristics (eg, displaying confidence, managing 
clinical emergencies well, and demonstrating skills for stu 
dents) are appropriately considered qualifications for these 
designations.

In other research, 19 medical students indicated that involve 
ment of their clinical instructors was an important consider 
ation in learning. Modeling, identified in this research as the 
overall most important characteristic of clinical instructors, re 
quires such involvement.

It is important to note that all of the clinical instructor char 
acteristics framed in this study were considered helpful by 
students and clinical instructors and may improve student 
learning. The top 7 characteristics received mean scores of 
9.00 or above on a 10-point Likert scale. The middle mean 
scores ranged between 8.00 and 9.00. Only the lower 8 items 
received mean scores below 8.00, with only the last 2 scores 
below 7.00. This pattern suggests that all of the characteristics 
identified in this study should be considered helpful or very 
helpful for facilitating student learning. No other subgroup of 
clinical instructor characteristics can be identified as the sec 
ond most important for student learning. Student Participation, 
Clinical Instructor Attitude Toward Teaching, Problem Solv 
ing, Instructional Strategy, Humanistic Orientation, and Self- 
Perception all received very high ratings (8.43 to 8.64). There
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is little perceived difference overall among these other sub 
groups of helpful clinical instructor characteristics. From other 
research, however, there is evidence regarding the influence of 
negative clinical instructor characteristics on student learning. 
Clinical instructors should not treat students with disrespect, 
provide negative feedback, or be unavailable.7 ' 16 '20 These be 
haviors are perceived to hinder student learning.

The Knowledge and Research subgroup was consistently 
identified by both students and clinical instructors as the set 
of least helpful clinical instructor characteristics in student 
learning. It appears that both students and clinical instructors 
involved in undergraduate athletic training education likely fo 
cus more on learning subject matter and clinical skills than on 
conducting research to support clinical practices. Ultimately, 
for the athletic training profession to develop and mature, it 
must establish its own body of knowledge.22 The transmission 
of this knowledge to entry-level professionals through effec 
tive and proven instructional methods is also critically impor 
tant. The actual practice or clinical application of athletic train 
ing should have shared importance with research and 
education. Perhaps a more balanced approach to entry-level 
athletic training clinical education would include avenues for 
infusing research into clinical practice. For example, emphasis 
on critical-thinking skills during clinical education may de 
velop an appreciation of the need for athletic training research. 
Other avenues for infusing research into student athletic train 
ers' education may include undergraduate didactic education 
and graduate education.

CONCLUSIONS

Modeling professional behavior is perceived by students and 
clinical instructors to be the most helpful category of clinical 
instructor characteristics in student learning. Student Partici 
pation, Clinical Instructor Attitude Toward Teaching, Problem 
Solving, Instructional Strategy, Humanistic Orientation, and 
Self-Perception were all viewed as positive categories of char 
acteristics that are helpful toward student learning; however, 
no clear discrimination (ie, differences in ratings) can be dis 
cerned between the items in these categories. Infusing research 
into clinical instruction is perceived to be the least helpful 
clinical instructor characteristic.

Although we focused this research on the clinical instructor 
characteristics perceived to be the most helpful toward student 
learning, we did not measure the impact of these characteris 
tics on student skills and knowledge. Further research should 
compare clinical instructor characteristics with student success 
in mastering entry-level skills and competencies. Further re 
search is also needed to determine the characteristics of stu 
dents completing clinical education. What specific character 
istics are necessary for a student to maximize the clinical 
education experience? Research should also focus on the clin 
ical setting to determine the influence of environmental, ad 
ministrative, and personnel factors on clinical instruction and 
student learning.

Although the more experienced sample of students in this 
study may have ensured that our responses were from a group 
familiar with clinical education, it may not have revealed dif 
ferences in the perceptions between experienced and inexpe 
rienced students. Perhaps students with different levels of ex 
periences, including entry-level undergraduate students and

entry-level graduate students, have unique perceptions of help 
ful clinical instructor characteristics. Further research should 
also focus on the influence of student and clinical instructor 
learning styles on the perceptions of helpful clinical instructor 
characteristics.
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Objective: To develop and test standards and associated 
criteria for the selection and evaluation of a clinical education 
setting in athletic training.

Design and Setting: A previously validated set of 20 stan 
dards for physical therapy clinical education settings, the as 
sociated criteria, and 2 related evaluation forms were system 
atically judged, revised, and adapted through a survey process.

Subjects: Program directors, clinical instructors, and stu 
dents involved with athletic training clinical education from 28 
athletic training education programs approved by the National 
Athletic Trainers' Association or accredited by the Commission 
on Accreditation of Allied Health Education Programs.

Measurements: We tabulated respondents' critiques and rat 
ings by type of respondent. Items were judged as to whether 
they were relevant, practical, and suggestive of high-quality 
clinical education settings.

Results: We accepted a final set of 12 standards and 31

associated criteria to measure these standards. The student 
form lists 23 criteria relevant to these accepted standards. The 
accepted standards include the following: learning environment, 
program planning, ethical standards, administrative support, 
and Setting Coordinator of Clinical Education.

Conclusions: The 12 standards, criteria, and related forms 
developed in this research project should be used as guidelines 
rather than as minimal requirements. They could be helpful in 
forming an impression not only about a particular clinical setting 
but also about the requirements of clinical education in general. 
Further research should include evaluating and comparing per 
ceptions between sexes and among ethnic groups concerning 
their clinical education experiences. Also, standards and criteria 
for clinical instruction in athletic training should be systemati 
cally developed.

Key Words: standards, clinical instruction, self-assessment

T he responsibility to provide quality clinical education 
experiences within athletic training education programs 
is increasing dramatically. Certainly the standards for 

athletic training education programs (from the Commission on 
Accreditation of Allied Health Education Programs [CAA- 
HEP]) reflect increased accountability in this area. Availability 
of high-quality clinical education settings is vital to the pro 
fession of athletic training. Unfortunately, simply spending 
time in clinical education settings (ie, athletic training room, 
clinical affiliation site) does not ensure that students acquire 
clinical skills. 1 More often than not, these settings are selected 
somewhat at random for convenience, geographic location, 
and availability of "slots" for students. Perceptions and ex 
periences of the clinical instructors and staff concerning learn 
ing, athletic training, and clinical education come into play as 
well. Previous work has focused on the teaching and learning 
involved in clinical education (and its many elements), not on 
the environmental, administrative, and personnel factors of a 
clinical education setting.2 '3 Currently, there is no widely ac 
cepted set of standards and measurement criteria for the eval 
uation and selection of clinical education settings in athletic 
training. Randomness should be reduced in the selection, use, 
and evaluation of athletic training clinical education settings. 

The purpose of our research project was to develop and test

standards (ie, degree or level of requirement, excellence, or 
attainment) and associated criteria (ie, items on which a judg 
ment or decision can be based for the attainment of a stan 
dard), for the selection and evaluation of a clinic-based, col 
lege or university, or high school clinical education setting in 
athletic training. Two related evaluation forms—a form for 
self-assessment of an athletic training clinical education setting 
(self-assessment form) and a form for the student's evaluation 
of a clinical education setting (student form)—were developed 
based on the proposed standards.

METHODS

Respondents
All directors of athletic training education programs ap 

proved by the National Athletic Trainers' Association (NATA) 
or accredited by CAAHEP (list provided by NATA Joint Re 
view Committee on Athletic Training, fall 1998) were solicited 
to participate in this research project (n = 93). Although 64 
program directors initially agreed to participate, 28 programs 
completed all requirements of the research project, a comple 
tion rate that was remarkable considering the number of re 
spondents involved at each institution and the length and detail
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Table 1. Responding Programs by National Athletic Trainers' 
Association District

Table 2. Sample Standard and Criteria from the Self-Assessment 
Form

District

1
2
3
4
5
6
7
8
9

10

No. Responding Programs

4
7
2
8
0
1
1
0
5
0

of the self-assessment form. The number of responding pro 
grams ranged from 1 to 8 in 7 of the 10 NATA districts (Table 
1). The following individuals reviewed the standards and used
I of the related forms (self-assessment form or student form) 
to evaluate a clinical education setting:
• The program director of the academic institution (n = 28)
• One student athletic trainer with a minimum of 1 year of 

clinical education experience in the academic institution's 
athletic training education program, representing a particular 
setting (college or university, n = 22 students; clinic based, 
n = 6 students; high school, n = 18 students)

• The head athletic trainer (or designee) in the athletic training 
room at the academic institution (n = 22)

• The clinical instructor or coordinator representing a clinic- 
based affiliation (eg, sports medicine center) with the aca 
demic institution (n = 12)

• The clinical instructor representing a high school affiliation 
with the academic institution (n = 5)

Instrumentation
A previously validated set of 20 standards for physical ther 

apy clinical education settings,2 ' 3 the associated criteria, and 2 
related evaluation forms2 (the self-assessment form and the 
student form) were revised and adapted for this research pro 
ject. Executive council members of the NATA Education 
Council served as an expert panel of judges and initially re 
viewed these standards and forms for overall usefulness and 
content validity. With this input, we carefully judged the orig 
inal 20 standards and their criteria for relevance and practi 
cality and determined which standards might suggest high- 
quality clinical education settings. The resulting 
self-assessment form (22 pages) listed 17 standards, with 2 to
II criteria for each standard (Table 2). Interpretation of each 
standard appeared on the form along with the corresponding 
standard. Using a Likert scale (1 = very insignificant, 5 = 
very significant), respondents were asked to rate the signifi 
cance of each standard and each standard's associated criteria. 
Respondents were also asked to indicate how long the self- 
assessment form took to complete. The corresponding student 
form3 (7 pages) was also reviewed and revised. This form 
listed 30 criteria relevant to the 17 standards (Table 3). This 
form would provide information about the strengths and 
weaknesses of the clinical education experience to the site 
coordinator of the particular setting and the program director 
of the affiliating educational program. It was prepared with 
the student perspective in mind. Using a Likert scale, student 
respondents were asked to rate the overall clarity (1 = not

Standard 2

Clinical education programs for students are planned to meet 
specific objectives of the educational program, the athletic train 
ing service, and the individual student. Planning for students 
should take place in meetings among the Setting Coordinator of 
Clinical Education (SCCE), the Clinical Instructors (CIs), and the 
Academic Coordinator of Clinical Education (ACCE). The clinical 
education objectives should be used in planning learning expe 
riences. The staff in the clinical setting should be prepared to 
modify particular learning experiences to meet individual student 
needs, objectives, and interests. A thorough orientation to the 
clinical education program and the personnel of the clinical set 
ting should be planned for the student. Evaluation of student per 
formance is an integral part of the learning plan. Opportunities 
for discussion and feedback about strengths and weaknesses 
should be scheduled on an ongoing basis.

Criteria

2.a) Have the Academic Coordinator of Clini 
cal Education (ACCE), the Setting Coor 
dinator of Clinical Education (SCCE), and 
the Clinical Instructors (CIs) all been in 
volved in the preparation of objectives for 
clinical education?

2.b) Is the clinical education setting flexible 
enough to accommodate:

1) the student's objectives?
2) students at different levels?
3) the educational program's objectives 

for specific experiences

2.c) Are all members of the staff who will be 
involved with clinical education familiar 
with educational program's objectives for 
the curriculum and for clinical education?

2.d) Do you have organized procedures for 
orientation of students?

2.e) Does the Setting Coordinator of Clinical 
Education (SCCE) or the Clinical Instructor 
(Cl) discuss with the student his/her objec 
tives for this experience prior to finalizing 
the specific learning experiences?

2.f) What methods are used by Clinical In 
structors (CIs) for student feedback?

Yes No

clear, 5 = very clear), applicability (1 = not applicable, 5 = 
very applicable), and helpfulness (1 = not useful, 5 = very 
useful).

Procedures
The research project was approved by the University Insti 

tutional Review Board. Program directors were mailed a re 
cruitment letter that explained the purpose, benefits, and re 
sponsibility of participating in the research project. Follow-up 
recruitment to nonrespondents occurred through both written 
letters and electronic mail messages.

Program directors who initially consented to participate in 
this research project were mailed a packet containing the fol 
lowing items and instructions for each:
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Table 3. Sample Criteria from Student Form

1. Please indicate the helpfulness of the opportunities made available to you prior to your clinical education experience.

Not
available/ 
not helpful

Not ;
available/ 
would be helpful

Available/ 
little help

Available/ 
helpful NA

a) patients/athletes 
served

b) rules, regulations, 
and procedures

c) objectives

d) schedule

e) dress code

f) time required

g) clinical setting's 
objectives

h) ethical standards 
of practice

i) organization chart

Yes

2. Were you given adequate orientation to individual 
patients/athletes and your responsibilites to these 
people? __

3. Did you have a clear understanding of what was
expected of you? __

4. Were your objectives for clinical education 
considered in planning your learning 
experiences? __

5. Did you feel that the learning experiences at this setting 
were

No

Routine for every student Modified for each student

• A cover letter stating that participation was voluntary and 
explaining the purpose and benefit of, need for, and respon 
sibility in coordinating the research project (eg, distribution 
and collection of completed materials)

• Self-assessment of an athletic training clinical education set 
ting (self-assessment forms) to be completed by the univer 
sity head athletic trainer, high school athletic trainer, clinic- 
based athletic trainer, and academic institution's program 
director

• Students' evaluations of clinical education experiences (stu 
dent forms) to be completed by a student athletic trainer 
(minimum of 1 year of clinical experience in the program) 
who has completed clinical experiences in both the univer 
sity-based athletic training room and in a clinic-based affil 
iation (a different student to complete 1 form for each set 
ting)

• Self-addressed, postage-paid return envelopes
Respondents completed, rated, and critiqued the forms ap 

propriate for them. Ratings and critiques of the forms were 
collected from all respondents through rating scores and writ 
ten comments. As needed, follow-up telephone interviews 
were completed with program directors, clinical instructors, 
and students to obtain clarification or additional information. 
Ongoing reminders to the respondents and follow-up to non- 
respondents occurred through both written letters and elec 
tronic mail messages.

Ratings regarding "significance" on the standards and cri 
teria (self-assessment form) were tabulated by type of respon 
dent (eg, program director, high school athletic trainer, college 
or university athletic trainer). Comments about the self-as 
sessment forms (written and telephone interviews) were com 
piled and carefully considered. With this input, we judged each 
standard as to whether it was relevant, practical, and sugges 
tive of high-quality clinical education settings. A final set of 
standards and criteria and the related self-assessment form for 
an athletic training clinical education setting were developed. 
Clarity, applicability, and helpfulness ratings from the student 
forms were tabulated by type of student respondent (college 
or university setting, high school setting, clinic-based setting). 
Clarity, applicability, and helpfulness items that were consis 
tently rated (at least 80% of respondents across all settings) 
with a 4 or a 5 were judged as an indication that the form was 
appropriate. Comments about the student forms (written com 
ments and comments from telephone interviews) were com 
piled and carefully considered. A final student's evaluation of 
a clinical education setting (student form) was developed.

RESULTS

We attempted to reflect the information obtained through a 
variety of approaches4 in the final set of standards and criteria 
and forms. With the initial feedback from the NATA Education
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Table 4. Results from the Self-Assessment Form

Respondents Indicating 
Significant or 

Very Significant!, % (No.)

Standard*

Accepted
Learning environment
Program planning
Learning experiences
Ethical standards
Administrative support
Effective communications
Staff number
Setting Coordinator of Clinical Education
Clinical Instructor selection
Principles of teaching and learning
Professional associations
Adequate space

Rejected
Affirmative action

Compatible philosophy and objectives
Internal evaluation
Consumer satisfaction
Professional development

Clinic 
Based

60 (5)
75(4)

100 (5)
80 (5)

100 (4)
80 (5)

100 (5)
80 (5)
80 (5)
80 (5)

100 (5)
100 (4)

100 (5)

60 (5)
80 (5)

100 (5)
60 (5)

College or 
University

95 (22)
95 (21)

100 (22)
91 (22)
95 (20)
95 (20)

100 (22)
85 (22)
95 (21)
91 (22)
91 (22)
86 (21)

86 (21)

82 (22)
86 (22)
86 (21)
68 (22)

High 
School

82 (11)
83 (12)
92 (12)
92 (12)
64 (11)
75(12)
92 (12)
84 (12)
92 (12)
73(11)
75(12)
67 (12)

100 (12)

84 (12)
67 (12)
75 (12)
58 (12)

Criteria Items:}:

Ac 
cept 

ed

X
X
X
X
X
X
X
X
X
X
X
X

Re 
vised

X
X
X
X
X

X
X

De 
leted

X
X

X
X
X

X

X

X

Representative Comments

Promotes professionalism and dedication
Extremely important, vital to learning
Necessary for entry-level preparation
Students need to be aware of boundaries
Support is very important
Communication is paramount
Keep ratio low for student benefit
If setting is organized, students will benefit
Personal characteristics are important
Cls§ need to know what is expected
Policy does not guarantee compliance
Valuable but not vital

Sensitive topic; importance for clinical edu
cation?

Policy may be waste of time
External evaluation is best
Consumers have different expectations
Unrealistic in most settings

*AII standards meet CAAHEP standards and guidelines. All accepted standards were judged to be relevant, practical, and suggestive of high- 
quality clinical education settings. 

t% of n for each group, 
jc-ne or more criteria under the designated standard were accepted, revised, or deleted from the original version of the standards and criteria.

Classification of criteria does not apply to rejected standards. 
§CI indicates Clinical Instructor.

Council and input from the respondents (ie, program directors, 
high school athletic trainers, college or university athletic 
trainers, clinic-based athletic trainers) provided through ratings 
and critiques, we carefully judged the 17 standards and their 
criteria for relevance, practicality, and suggestiveness (ie, 
which standards might suggest high-quality clinical education 
settings). We also felt that it was important that the accepted 
standards be consistent with the existing CAAHEP accredita 
tion standards and guidelines (as of 1999). The set of standards 
and their associated criteria should also be appropriate for all 
settings (college or university, high school, and clinic based). 

Because respondents frequently commented that the self- 
assessment form took too long to complete (average comple 
tion time was 90 minutes), we were sensitive to reducing the 
number of standards and associated criteria. In this process, 
those standards that were considered redundant were elimi 
nated. Based on these requirements (Table 4), we accepted a 
final set of 12 standards (Table 5) and 31 associated criteria 
(decreasing the total number of items from 59 to 31). Based 
on the same requirements (Table 4), 5 of the standards (Table 
6) were rejected. The revised self-assessment form is 14 pages 
and takes approximately 45 minutes to complete. With the 
input provided by student ratings and comments regarding 
clarity, applicability, and helpfulness (Table 7), the corre 
sponding student form was also reviewed. This form now lists 
23 criteria relevant to the 12 accepted standards. The revised 
student form is 4 pages, takes approximately 15 minutes to 
complete, and is appropriate for use by students in all settings 
(college or university, high school, and clinic based).

Table 5. Accepted Standards for a Clinical Education Setting in 
Athletic Training

1. The clinical education setting provides an active, stimulating envi 
ronment appropriate for the learning needs of the student. (Learning 
environment)

2. Clinical education programs for students are planned to meet spe 
cific objectives of the educational program and the individual stu 
dent. (Program planning)

3. The clinical education setting has a variety of learning experiences 
available to students. (Learning experiences)

4. The Clinical Instructors practice ethically and legally. (Ethical stan 
dards)

5. The clinical education setting demonstrates administrative interest 
in and support of athletic training clinical education. (Administrative 
support)

6. Communications within the clinical education setting are effective 
and positive. (Effective communications)

7. The Clinical Instructors are adequate in number to provide a good 
educational program for students. (Staff number)

8. One Clinical Instructor with specific qualifications is responsible for 
coordinating the assignments and activities of the students at the 
clinical setting. (Setting Coordinator of Clinical Education)

9. Clinical Instructors are selected based on specific criteria. (Clinical 
Instructor selection)

10. Clinical Instructors apply the basic principles of education—teach 
ing and learning—to clinical education. (Principles of teaching and 
learning)

11. The Clinical Instructors are interested and active in professional 
associations related to athletic training. (Professional associations)

12. Adequate space for study, conference, and treating athletes/pa 
tients is available to students. (Adequate space)
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Table 6. Rejected Standards for a Clinical Education Setting in 
Athletic Training

1. The clinical education setting is committed to the principle of equal 
opportunity and affirmative action as required by federal legislation. 
(Affirmative action)

2. The clinical education setting's philosophy and its objectives for pa 
tient care and clinical education are compatible with those of the 
educational institution. (Compatible philosophy and objectives)

3. The clinic/athletic training staff has an active and viable process of 
internal evaluation of its own affairs and is receptive to procedures 
of review and audit approved by appropriate external agencies. (In 
ternal evaluation)

4. The various consumers are satisfied that their needs for athletic 
training services have been met. (Consumer satisfaction)

5. There is an active professional development program. (Professional 
development)

Table 7. Results From the Student Form

Setting

Clinic based
College or university
High school

Students
Indicating

Clear or Very
Clear,

% (No.)

100 (4)
78.3 (18)
86.7 (13)

Students
Indicating
Applicable

or Very
Applicable,

% (No.)

75(3)
73.9 (17)
73.3 (13)

Students
Indicating

Helpful or Very
Helpful,
% (No.)

100 (4)
69.6 (16)
86.7 (13)

DISCUSSION
The 12 standards and criteria and related forms developed 

in this research are considered relevant, practical, and sugges 
tive of high-quality clinical education settings (college or uni 
versity, high school, and clinic based) in athletic training. All 
of these standards are consistent with the intents of the CAA- 
HEP accreditation guidelines. Similar to the recommendations 
of Barr et al2 for physical therapy settings, we recommend that 
the standards and criteria developed in this research project be 
used as guidelines rather than as minimal requirements. They 
could be helpful in forming and shaping an impression, not 
only about a particular clinical setting, but also about the re 
quirements of clinical education in general. Descriptions and 
comments about these accepted standards follow.

In agreement with Barr et al,2 we think the program director 
or another athletic training faculty member at each institution 
should serve as the Academic Coordinator of Clinical Edu 
cation (ACCE). The duties of the ACCE could be defined as 
developing, implementing, and evaluating athletic training 
clinical education experiences. Further, one individual should 
serve as the Setting Coordinator of Clinical Education 
(SCCE). This person is employed in the clinical setting (eg, 
college or university, high school, or clinic-based facility) and 
coordinates clinical experiences in accordance with the clinical 
education objectives determined by the ACCE. Because the 
relationship between the ACCE and the SCCE must be close, 
one staff member needs to be the key person for coordinating 
the clinical education program at a particular setting. The 
SCCE needs to be proficient as a clinician, experienced in 
clinical education, and interested in students. Further, the 
SCCE should have good interpersonal relationship and orga 
nizational skills and be knowledgeable about the facility and 
its resources.

The integration of classroom knowledge into the world of 
practice requires a team approach that includes the academic 
faculty, ACCE, SCCE, Clinical Instructors, and students. This 
approach must be intentional, with all team members aware 
of their roles in the process and cognizant of the interactions 
necessary to accomplish the goals of clinical education. 1 The 
desirable learning environment in the clinical education setting 
should be characterized by good management, high staff mo 
rale, harmonious working relationships, and sound interdisci 
plinary athlete or patient management procedures. Less tan 
gible characteristics may be personnel receptiveness, a variety 
of expertise, interest in newer techniques, and involvement 
with other professionals outside of athletic training.

Planning for students should take place in meetings among 
the ACCE, the SCCE, and the Clinical Instructors. The clinical 
education objectives should be used in planning learning ex 
periences. The Clinical Instructors in the clinical setting should 
be prepared to modify particular learning experiences to meet 
individual student needs, objectives, and interests. A thorough 
orientation to the clinical education program and the personnel 
of the clinical setting should be planned for the student. Eval 
uation of student performance is an integral part of the learn 
ing plan. Opportunities for discussing and providing feedback 
about strengths and weaknesses should be scheduled on an 
ongoing basis.

Students in clinical education are primarily concerned with 
learning and practicing clinical skills. Therefore, the setting 
must have an adequate variety and number of patients along 
with adequate equipment and resources. The range of experi 
ences with patients and athletes should include screening, eval 
uating, planning, treating, providing follow-up care, and re 
porting.

All staff members should be practicing ethically and legally 
as outlined by their code of ethics, the state standards of prac 
tice, the state practice act, and the clinic or athletic training 
program policy. The policy should include statements on pa 
tients' rights, release of confidential information, photographic 
permission, clinical research, and procedures for reporting un 
ethical, illegal, or incompetent practice. All standards of prac 
tice should be documented in writing and available to the staff 
and the students.

Administrative support of clinical education should be dem 
onstrated in the following ways: a statement of commitment 
to clinical education, release time for clinical education activ 
ities, and compensation of staff for attendance at professional 
and continuing education meetings pertaining to clinical edu 
cation. Effective and positive communication within the clin 
ical education setting can be demonstrated by administrative 
flow charts, regular staff meetings, and informal oral and non 
verbal communications.

The student-staff ratio can vary according to the nature of 
the clinical education setting and the nature of the staff, the 
level and type of student, and the length of the student's as 
signment. The adequacy of numbers relates to the number of 
students accepted and the nature of the learning experience. 
Clinical Instructors should be interested in and willing to work 
with students. Barr et al2 discussed the fact that the Clinical 
Instructor should be proficient as a clinician; normally, at least 
1 year of experience should be a prerequisite. Personal char 
acteristics of the Clinical Instructor should be considered, in 
cluding enthusiasm, interpersonal relations, sensitivity to stu 
dents, and receptiveness to suggestions. Clinical Instructors
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should apply the basic principles of education—teaching and 
learning—to clinical education.

The clinic or athletic training program should have a policy 
of encouraging the staff's professional activities at the local, 
state, and national levels. Activities may include self-improve 
ment activities, professional enhancement activities, profes 
sional activities relating to offices or committees, papers or 
speeches presented, and other special activities. The Clinical 
Instructor should provide students with information about pro 
fessional meetings and encourage their participation.

Adequate space for studying, conferences, and treating ath 
letes and patients should be available to students. Those items 
of particular concern to students are lockers for clothing and 
security of personal belongings, a resource area, a record or 
charting area, adequate space for athlete and patient-care ac 
tivities, and a private area for counseling with Clinical Instruc 
tors or other staff members. Classrooms and conference space 
may be available and should be accessible for staff meetings, 
lectures, case conferences, and demonstration of activities.

Although the 12 standards accepted in this research project 
reflect the consensus of the investigators, the program direc 
tors, and the Clinical Instructors who participated in the pro 
ject, the 5 standards that were not accepted still warrant atten 
tion. The clinical education setting should be committed to the 
principle of equal opportunity and affirmative action. This item 
is adequately represented in standard 4 (The staff practices 
ethically and legally). It is beyond the scope of an athletic 
training education program to evaluate and monitor the hiring 
practices of an employer. A setting's philosophy and its ob 
jectives for patient care certainly can give clinicians and staff 
in that setting a real sense of purpose and direction. A process 
for internal evaluation that is receptive to procedures of review 
and audit approved by appropriate external agencies is essen 
tial for patient and consumer protection. Clinical outcome 
studies verifying that consumers are satisfied that their needs 
have been met are an important component of this internal 
evaluation. An active professional development program cer 
tainly is essential for keeping clinicians and Clinical Instruc 
tors professionally and academically current. This item is ad 
equately addressed in standard 5 (The clinical education 
setting demonstrates administrative interest in and support of 
athletic training clinical education) and in standard 11 (The 
Clinical Instructors are interested and active in professional 
associations related to athletic training).

The clinical segments of all health professions education are 
designed to prepare students to be sensitive and proficient 
practitioners of their respective disciplines. Although students 
may learn their responsibilities by observing athletic training 
role models who are experienced professionals, formal and

consistent clinical education would help to ensure that all stu 
dents are exposed to a comprehensive, uniform clinical ex 
perience in their profession. 5 A lack of formal emphasis on 
clinical education settings promotes haphazard and coinciden 
tal learning during students' clinical experiences. Instruction 
may not be consistent or available from 1 clinical setting to 
the next. Such disorder occurs because many athletic trainers 
have not realized the importance of the clinical education set 
ting. The focus in clinical education settings must include ed 
ucational standards and experiences designed to augment stu 
dents' knowledge and to promote their professional maturity. 
The clinical setting provides validation of previously learned 
principles and concepts; moreover, clinical skills are learned 
and practiced in simulated environments. Ideal clinical expe 
riences are closely relevant and timely to what is being taught 
in concurrent courses and allow continued reinforcement and 
practice of what has been learned. Such experiences are vital 
to a student's development of competence, self-confidence, 
and flexibility in unfamiliar situations.6

The standards and criteria developed in this research project 
for the selection and evaluation of clinical education settings 
should be used as guidelines to foster and augment effective 
athletic training clinical education. Further research should in 
clude evaluating and comparing perceptions between sexes 
and among ethnic groups concerning their clinical education 
experiences. Also, standards and criteria for clinical instruction 
in athletic training should be systematically developed. Ex 
amples of possible clinical instruction standards may include 
helpful teaching behaviors, teaching clinical skills, evaluating 
clinical skills, and learning clinical skills.
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Objective: To present a comprehensive review of the anat 
omy, biomechanics, and mechanisms of tibiofibular syndes- 
mosis ankle sprains.

Data Sources: MEDLINE (1966-1998) and CINAHL (1982- 
1998) searches using the key words syndesmosis, tibiofibular, 
ankle injuries, and ankle injuries-etiology.

Data Synthesis: Stability of the distal tibiofibular syndes 
mosis is necessary for proper functioning of the ankle and lower 
extremity. Much of the ankle's stability is provided by the mor 
tise formed around the talus by the tibia and fibula. The anterior 
and posterior inferior tibiofibular ligaments, the interosseous lig 
ament, and the interosseous membrane act to statically stabi 
lize the joint. During dorsiflexion, the wider portion anteriorly 
more completely fills the mortise, and contact between the ar 
ticular surfaces is maximal. The distal structures of the lower

leg primarily prevent lateral displacement of the fibula and talus 
and maintain a stable mortise. A variety of mechanisms individ 
ually or combined can cause syndesmosis injury. The most 
common mechanisms, individually and particularly in combina 
tion, are external rotation and hyperdorsiflexion. Both cause a 
widening of the mortise, resulting in disruption of the syndes 
mosis and talar instability.

Conclusions and Recommendation: Syndesmosis ankle 
injuries are less common than lateral ankle injuries, are difficult 
to evaluate, have a long recovery period, and may disrupt nor 
mal joint functioning. To effectively evaluate and treat this injury, 
clinicians should have a full understanding of the involved struc 
tures, functional anatomy, and etiologic factors.

Key Words: high ankle sprain, inferior tibiofibular joint, eti 
ology of ankle injury

I njuries to the ankle are common at all levels of athletic 
participation. The injuries sustained vary greatly in degree 
and severity, depending on the structures involved. Spe 

cifically, sprains to the ankle are among the most frequent 
types of injuries that athletic trainers must assess.

Much research has focused on injury to the lateral ankle 
ligaments and inversion ankle sprains. 1 However, literature on 
injuries to the distal tibiofibular syndesmosis is limited. Com 
pared with the lateral ankle sprain, syndesmosis sprains (some 
times called high ankle sprains) are uncommon and noted less 
frequently. The incidence of these injuries is reported at any 
where from 1% to 11% of all ankle injuries. 2 '3 Boytim et al4 
retrospectively studied professional football players during a 
6-year period and found a total of 98 ankle injuries were sus 
tained. Of these injuries, 28 were significant lateral ankle 
sprains, and 1 8 were syndesmotic ankle sprains—the latter in 
cidence greater than previously demonstrated. These authors, 
however, believed that the incidence in the "normal" popu 
lation would be less than that incurred by professional football 
players.4

Research on evaluation, treatment, and long-term sequelae 
of distal tibiofibular syndesmosis injury is also rare. 5 This in 
jury is difficult to evaluate and diagnose6 and has a longer 
recovery time than other ankle sprains.4- 5 Therefore, it is im 
portant for those clinicians evaluating, treating, and rehabili 
tating ankle and lower leg injuries to fully understand the anat

omy, biomechanics, and mechanisms of injuries involving the 
tibiofibular syndesmosis.

ANATOMY

To understand the tibiofibular syndesmosis, a thorough 
knowledge of the surrounding anatomic structures is needed. 
A detailed and comprehensive understanding of the superficial 
and deep structures of the talocrural and subtalar joints, in 
addition to the tibiofibular articulations, is needed to fully 
comprehend the joint mechanics and injury mechanisms in 
volved.

Talocrural and Subtalar Joints
The talocrural, or ankle joint, is a uniaxial, modified-hinge 

joint formed by the talus, the medial malleolus of the tibia, 
and the lateral malleolus of the fibula. Specifically, the concave 
distal articular facet of the tibia articulates with the convex 
superior articular surface of the talus, or trochlea. The medial 
malleolus articulates with the medial aspect of the trochlea, 
whereas the lateral malleolus articulates with the lateral aspect 
of the trochlea. The stability of the ankle mortise is enhanced 
because the dome-shaped body of the talus fits snugly into the 
slightly concave tibial undersurface.7" 10

Just inferior to the talocrural joint is the subtalar joint. This 
joint lies beneath the talus, where the posterior calcaneal facet
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on the talus articulates with the posterior facet on the superior 
aspect of the calcaneus. 11 ' 12 The subtalar joint is a gliding 
joint, with the 2 bones held together by an articular capsule 
and by anterior, posterior, lateral, medial, and interosseus ta- 
localcaneal ligaments. Subtalar inversion and eversion occur 
at this articulation. 11

The relation of the tibia, fibula, and talus is maintained by 
an articular capsule and 3 groups of ligaments (medial, lateral, 
and syndesmosis). The articular capsule surrounds the joint 
and is attached to the borders of the articular surfaces of the 
malleoli proximally and to the distal articular surface of the 
talus distally. The anterior aspect of the capsule is broad, thin, 
and membranous, whereas the posterior component of the cap 
sule is very thin and consists mostly of transverse fibers. The 
lateral aspect of the capsule is slightly thickened. 11

The deltoid ligament is a strong, flat, and triangularly 
shaped ligament on the medial aspect of the ankle. This liga 
ment consists of 4 bands: the anterior tibiotalar, the posterior 
tibiotalar, the tibiocalcaneal, and the tibionavicular. The deltoid 
ligament is considered the strongest of the ankle liga 
ments8 '9 ' 12~ 14 and, especially during plantar flexion, functions 
to prevent excessive eversion at the subtalar joint. The deltoid, 
particularly its anterior portions, also resists talar external ro 
tation. The lateral malleolus extends further distally than does 
the medial malleolus and, as a result, provides a bony limi 
tation against excessive eversion. 15

Three lateral ligaments aid in preventing excessive inversion 
at the subtalar joint. The anterior talofibular ligament, the pos 
terior talofibular ligament, and the calcaneofibular ligament 
make up the lateral collateral ligaments of the ankle.9 The 
anterior talofibular ligament limits anterior displacement and 
medial shifting of the talus and posterior displacement and 
lateral rotation of the tibia and fibula, respectively, primarily 
in plantar flexion. This ligament also helps to prevent lateral 
talar tilt. The posterior talofibular ligament braces the talus 
posteriorly and helps to limit talar external rotation (or internal 
rotation of the tibia and fibula). The calcaneofibular ligament 
functions to prevent lateral talar tilt, principally when the ankle 
is in a neutral amount of plantar flexion and dorsiflexion. 16

The bony and ligamentous arrangement of the talocrural 
joint provides it with considerably more stability than other 
diarthrodial joints, such as the knee or shoulder. Depending on 
the position and the loads placed on the joint, the bones and 
ligaments alternate as primary and secondary stabilizers. 17 
Weight bearing and axial loading have been reported to in 
crease talocrural bony stability. When dorsiflexed, the ankle is 
thought to be in the most stable position, sometimes termed 
close packed, since this is the position of the most bony con 
tact. In this position, most of the mortise is occupied by the 
talus, and contact is maximal between the involved articulating 
surfaces. 18

Tibiofibular Syndesmosis
A third articulation in the region of the ankle and lower leg 

is between the tibia and fibula. This articulation of the fibula 
with the tibia can be subdivided further into 3 regions: the 
superior or proximal tibiofibular joint, the interosseous mem 
brane, and the inferior or distal tibiofibular joint. The superior 
tibiofibular joint is a syndesmotic joint that is held in place by 
the anterior superior tibiofibular and posterior superior tibio 
fibular ligaments. This articulation helps to maintain proximal 
integrity between the tibia and fibula. 12

The interosseous membrane holds the fibula and tibia to 
gether. This membrane also stabilizes any posterolatcral bow 
ing of the fibula that may occur with weight bearing. 19 This 
membrane is a thick osseofascial structure extending from the 
tibial periosteum to the fibula, nearly the entire length between 
the 2 bones. Anteriorly, the fibers are parallel and run oblique 
ly downward from the tibial interosseous ridge at approxi 
mately a 15° to 20° angle. Posteriorly, the fibers are closer to 
vertical as they run from the tibia to the fibula. 17 - 20^22

Skraba and Greenwald21 investigated the role of the inter 
osseous membrane in stress transmission to the fibula. The 
loads experienced in normal gait were reproduced using 3 ca 
daver legs fitted with strain gauges. The interosseous mem 
brane was found to play an important role in transfer of forces 
to the fibula. After the membrane was incised, strains recorded 
in the fibula decreased to approximately 0. These results sug 
gest that an intact interosseous membrane keeps the fibula ac 
tive during weight bearing and that this structure plays an ac 
tive role in normal tibiofibular function. 21

Thomas et al 19 investigated the roles of the fibula and in 
terosseous membrane on compressive load sharing in the low 
er extremity. Twelve fresh-frozen cadaver lower extremities 
were evaluated intact, after interosseous membrane sectioning, 
and after partial fibula excision. The specimens were also test 
ed in different ankle and subtalar positions. Thomas et al, 19 in 
contrast to Skraba and Greenwald,21 found that fibular strain 
was not reduced to 0 after sectioning of the interosseous mem 
brane, indicating that loads are transmitted at the proximal and 
distal tibiofibular articulations.

Inferior Tibiofibular Joint
The inferior tibiofibular joint is defined as a syndesmotic 

articulation between the convex surface of the distal fibula and 
the concave distal tibia. 23 The distal fibula is firmly attached 
at the fibular notch of the tibia by several syndesmotic liga 
ments. 23"26 The stability of this articulation is integral in al 
lowing for proper functioning of the ankle and lower extrem 
ity. The ligaments that stabilize this joint are the anterior 
inferior tibiofibular ligament, the posterior inferior tibiofibular 
ligament, and the interosseous ligament. The most distal and 
inferior aspect of the interosseous membrane also helps to sta 
bilize this joint. 16 - 20 '23-27

The anterior inferior tibiofibular ligament is a flat, strong 
ligament (Figure 1). It originates from the longitudinal tubercle 
on the anterior aspect of the lateral malleolus, and the fibers 
course superiorly and medially, attaching on the anterolateral 
tubercle of the tibia. 1 - 20 '25 The fibers of this ligament increase 
in length from proximal to distal, with the most distal fibers 
being the longest. 16 In addition to holding the fibula tight to 
the tibia, this ligament prevents excessive fibular movement 
and external talar rotation. 28

The posterior inferior tibiofibular ligament has superficial 
and deep components (Figure 2). The superficial fibers orig 
inate widely on the posterior tubercle of the tibia and run 
obliquely, distally, and laterally to the posterior lateral mal 
leolus. This ligament works with the anterior inferior tibio 
fibular ligament to hold the fibula close in the fibular groove 
of the tibia. 1 - 26 The deep component of the posterior ligament 
is the transverse tibiofibular ligament. Some anatomists con 
sider this ligament to be independent from the posterior in 
ferior tibiofibular ligament. 25 - 26 The transverse ligament is a 
thick, strong structure with twisting fibers. It passes from the
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Figure 1. Anterior inferior tibiofibular syndesmosis. Figure 2. Posterior inferior tibiofibular syndesmosis.

posterior tibial margin to the osteochondral junction on the 
posterior and medial margins of the distal fibula. 26 The lo 
cation of the transverse ligament below the posterior tibial 
margin helps it to prevent posterior talar translation. The lig 
ament creates a posterior labrum, which deepens the articular 
surface of the distal tibia. It also fills in the posteromedial 
aspect of the lateral malleolus, deepening the mortise and 
increasing joint stability. 5 > 6 - 16

The remaining ligament of the distal tibiofibular syndes 
mosis is the interosseous ligament. Originating at the antero- 
inferior triangular segment of the medial aspect of the distal 
fibular shaft, this ligament then courses to insert on the lateral 
surface of the distal tibia. 16 The interosseous ligament is a 
thickening of the distal aspect of the interosseous membrane 
and is thought to act as a "spring," allowing for slight sepa 
ration between the medial and lateral malleolus during dorsi- 
flexion at the talocrural joint.5 '6 ' 16 '20 '25 '27

Ogilvie-Harris et al27 studied the relative importance of each 
of the syndesmotic ligaments in the distal tibiofibular articu 
lation. They tested 8 fresh-frozen cadaver specimens on a hy 
draulic system to evaluate the percentage of contribution of 
each ligament during 2 mm of lateral fibular displacement. The 
anterior inferior tibiofibular ligament provided 35%; the trans 
verse (deep posterior) ligament, 33%; the interosseous liga 
ment, 22%; and the superficial posterior inferior ligament, 9%. 
Thus, 3 major ligamentous components provide stability to the 
syndesmosis, accounting for more than 90% of the total resis 
tance to lateral fibular displacement. Injury to one or more 
ligaments results in weakening, abnormal joint motion, and 
instability. 27

FUNCTIONAL ANATOMY AND BIOMECHANICS
The primary motions of the ankle joint occur within the 

sagittal plane: dorsiflexion (ankle flexion) and plantar flexion 
(ankle extension). Dorsiflexion can be described as movement

of the top of the ankle and foot toward the anterior aspect of 
the tibia. Plantar flexion is movement of the ankle and foot 
away from the tibia. The normal ankle allows approximately 
15° to 20° of active dorsiflexion and between 45° and 55° of 
active plantar flexion. 10 Sarrafian 16 reported about 24° of sag 
ittal plane motion at the ankle during the stance phase of gait. 
Maximal dorsiflexion is approximately 10° during the stance 
phase of normal running and 14° for plantar flexion. As for 
most joints with passive ranges of motion greater than active 
ranges, the full weight-bearing ankle passively allows up to 
40° of dorsiflexion. 10

The articular surfaces of the talus and malleoli remain in 
contact as the ankle moves from dorsiflexion to plantar flexion. 
The superior talar surface is wider anteriorly than posteriorly, 
with an average difference of 4.2 mm. 16 During dorsiflexion, 
the wider anterior portion of the talus "wedges" between the 
medial and lateral malleoli, and much of the mortise becomes 
occupied. This position is considered the safest for the ankle 
due to the increased joint stability that results from this close 
packing of the bones and increased contact of the articular 
surfaces. The wider anterior aspect of the talus moves out of 
the mortise during plantar flexion (loose packing), thus de 
creasing the ankle's bony stability. 12 ' 18 '29

Despite some decreased bony stability in full plantar flexion, 
the posterior two thirds of the talar dome remains in the mor 
tise as the result of talar rotation. Close 13 documented 5° to 
6° of talar external rotation during both active and passive 
ankle dorsiflexion. During plantar flexion, the talus internally 
rotates as a result of its conical and wedged shape. 13 ' 16 '30 Sar 
rafian 16 reported that, in addition to rotating internally, the 
talus also supinates slightly during plantar flexion. This, in 
turn, causes posterolateral wedging of the talar trochlea. As 
plantar flexion increases, wedging between the posterolateral 
trochlea and lateral malleolus increases correspondingly. Dur 
ing dorsiflexion, therefore, the talus must pronate, a fact that
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may be important in the many tibiofibular ligament injuries 
occurring from dorsiflexion and external rotation.

Lundberg et al,31 using roentgen stereophotogrammetry, 
evaluated talar motion during weight-bearing tibial rotation. 
They reported triaxial talar movement when the leg (ie, tibia) 
was either externally or internally rotated. Tibial external ro 
tation of 10° caused the talus to dorsiflex 4.3° ± 3.5°, supinate 
1.5° ± 1.6°, and laterally rotate 0.7° ± 2.5°. Internal tibial 
rotation of 20° resulted in talar lateral rotation equal to 5.0° ± 
2.0°, pronation equal to 0.7° ± 0.5°, and plantar flexion of 0.1 ° 
± 1.9°. These results coincide with Close's 13 earlier findings 
related to talar horizontal rotation.

Inversion, eversion, supination, and pronation primarily oc 
cur at the subtalar joint. Inversion is inward turning of the sole 
of the foot, whereas eversion is outward turning. Supination 
is a combination of calcaneal inversion, foot adduction, and 
plantar flexion, whereas pronation is calcaneal eversion, foot 
abduction, and dorsiflexion. 12 The normal ranges of motion 
for subtalar inversion are approximately 20° to 30°, whereas 
ranges for eversion are between 5° and 15°. 10

During ankle plantar flexion and dorsiflexion, some move 
ment normally occurs at the distal tibiofibular syndesmosis. 
When the foot is moved from a plantar-flexed position to a 
dorsiflexed position, the joint permits approximately 1 to 2 
mm of widening at the mortise. 3 -5 '6 ' 13 ' 17 '26'32 Movement of the 
fibula occurs at and affects the tibiofibular syndesmosis. While 
in the fibular groove of the tibia, the fibula rotates around its 
vertical axis when the ankle is plantar flexed and dorsiflexed. 
Lateral fibular rotation is approximately 3° to 5° with dorsi 
flexion, and medial rotation is 3° to 5° with plantar flex-
jon 8,12,13,26,33

Function of the Fibula

The fibula is a long, thin bone whose length functions stat 
ically as a proximal attachment site for the plantar flexors (so- 
leus, tibialis posterior, flexor hallucis longus, peroneus longus, 
and peroneus brevis) and some of the extensors (peroneus ter- 
tius, extensor digitorum longus, and extensor hallucis longus) 
of the ankle and digits of the foot. 10'33

The fibula also has an important dynamic function in main 
taining ankle mortise stability during weight bearing. Scranton 
et al33 reported, in a radiographic study of 10 ankles, an av 
erage fibular migration of 2.4 mm inferiorly in weight bearing. 
This distal movement is the result of contraction of the foot 
flexors, which attach proximally on the fibula. Downward fib 
ular movement deepens the ankle mortise and tightens the in- 
terosseous membrane, resulting in a more acute angle of the 
membrane's fibers and pulling of the fibula medially. The 
deepened mortise and taut interosseous membrane provide ad 
ditional lateral support to the ankle during both the stance and 
push-off phases of gait. 16 '26 '33 The fibula may move proxi 
mally or rotate laterally to accommodate the talus with ankle 
dorsiflexion during functional motions. 27 '33

The fibula has also been found to function in weight bear 
ing, bearing approximately 6.4% of the applied loads, accord 
ing to Takebe et al. 34 These researchers also reported that fib 
ular weight bearing increased when the ankle dorsiflexed and 
decreased when the ankle plantar flexed. This change in fibular 
loading may be explained by fibular elevation in dorsiflexion 
and fibular lowering in plantar flexion. Wang et al22 suggested 
that the fibula carries between 1 0% and 30% of a static axial 
load. The proportion of the load on the fibula heightened when

the load was increased or displaced laterally and when the 
ankle was dorsiflexed. These results suggest that fibular load 
ing varies during normal activities and under abnormal situa 
tions.

INJURY TO THE TIBIOFIBULAR SYNDESMOSIS

Injury to the distal tibiofibular syndesmosis occurs when 
forces disrupt the congruency of the ankle mortise. Injury to 
the syndesmosis can occur to any or all of the following struc 
tures: anterior tibiofibular ligament; posterior tibiofibular lig 
ament, including its superficial and deep (transverse) compo 
nents; interosseous ligament; and interosseous membrane.4

Rasmussen et al,35 using 18 cadaver specimens, evaluated 
the role of the tibiofibular ligaments in ankle stability and the 
mechanisms that may cause their rupture. The authors reported 
that mortise integrity was only minimally influenced after iso 
lated incision of the anterior tibiofibular ligament. However, 
external rotation was greatly increased by incising both the 
anterior tibiofibular ligament and the anterior aspect of the 
deltoid ligament or the posterior talofibular ligament. There 
fore, rupture of the distal tibiofibular structures may occur only 
with external rotation trauma. Anterior tibiofibular ligament 
injury in isolation must be rare, and complete rupture of the 
distal tibiofibular structures is probably combined with injury 
to the anterior aspect of the deltoid ligament, the posterior 
talofibular ligament, or both.

The function of the distal structures of the lower leg is pri 
marily to prevent lateral displacement of the fibula from its 
groove in the tibia or diastasis. 1 ' 13 '36 Generally, when diastasis 
occurs, separation of the syndesmosis and ankle mortise re 
sults. The tibiofibular ligaments usually rupture, the deltoid 
ligament may tear, and the lateral malleolus (fibula) fractures 
above the ankle. 18 There are instances, however, when no frac 
ture occurs. 17 Diastasis without fibular fracture can be classi 
fied into 2 categories: latent diastasis and frank diastasis. La 
tent diastasis occurs when the ankle mortise does not appear 
to be widened on normal radiographs. However, when external 
rotation stress is applied, the mortise separates. Frank diastasis 
differs in that the ankle-mortise widening can easily be seen 
on routine x-ray films. 37

Injuries specifically to the distal tibiofibular ligaments are 
most often incomplete and occur in association with other in 
juries. 1 Depending on the mechanisms and forces involved, 
the anterior tibiofibular ligament can become sprained or even 
avulsed with a small fragment of bone from the tibia or fibula.4 
Continued application of forces to the ankle, especially an ex 
ternal rotation force, can rupture the tibiofibular ligaments and 
interosseous membrane and possibly cause an oblique or spiral 
fracture to the fibula (Maissoneuve fracture). 38 Maissoneuve 
fractures can be classified into 5 stages. Each stage involves 
a ruptured syndesmotic ligament, a ruptured and avulsed lig 
ament, a fibular fracture, a fracture to the medial malleolus, 
or a combination of these. 38

Mechanisms of Injury
Many mechanisms of syndesmosis injury have been report 

ed in the literature. The 2 most common are external rota- 
tion2,4,6,8,17,36-39 and hyperdorsiflexion. 2 '4 - 17 ' 18 '37-40 Other re 
ported causes of syndesmosis injury are eversion,6 ' 18 ' 39 '40 
inversion,3 '6' 38 '40 plantar flexion, 2 - 5 - 39 pronation, 12 and internal 
rotation. 5
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Figure 3. A common mechanism of syndesmosis injury in football 
is a blow to the lateral leg of a player who is lying prone on the 
field, usually in a pile-up. (Adapted with permission.4)

External rotation seems to bring the most opportunity for 
syndesmosis injury, despite other positions of the ankle, such 
as dorsiflexion, plantar flexion, supination, or pronation. When 
the ankle is in the neutral position, external rotation appears 
to cause injury to the tibiofibular ligaments only, without dam 
aging other structures. 2

External rotation injures the structures of the syndesmosis 
by widening the mortise. 6 ' 18 Normally, the talus is positioned 
between the medial and lateral malleoli and is unable to rotate 
substantially. However, with a great enough force to the fore 
foot, the talus is forced to rotate laterally, thereby pushing the 
fibula externally away from the tibia. Depending on the mag 
nitude of the force applied, this abnormal motion tears the 
anterior tibiofibular ligament, the superficial posterior inferior 
tibiofibular ligament, the transverse tibiofibular ligament, or a 
combination of these. 36 These twisting injuries can also tear 
the interosseous ligament or membrane or even fracture the 
proximal fibula. 29

Two sport activities in which syndesmosis injuries have 
been reported are American football4 and skiing. 39 Although 
the mechanisms of these injuries have not been firmly estab 
lished, external rotation of the foot is thought to be responsi 
ble. Boytim et al4 described 2 external-rotation mechanisms 
for syndesmotic injury in American professional football. The 
first was external rotation of the foot, caused by a direct blow 
to the lateral leg of a downed player whose foot was held in 
external rotation (Figure 3). The second mechanism was ex 
ternal rotation of the foot, caused by a blow to the lateral 
aspect of the knee while the foot was planted in external ro 
tation, with the body rotating or spinning in the opposite di 
rection (Figure 4). The researchers reported that syndesmosis 
sprains were the result of significant forces to the ankle, lower 
leg, or both.4

Fritschy39 reported syndesmosis injuries in competitive sla 
lom skiers. The syndesmosis ligaments are under maximal ten 
sion when the ankle is either fully dorsiflexed or fully plantar 
flexed and external rotation of the foot on the leg causes the 
talus to press against the lateral malleolus. This rotational 
movement first affects the anterior inferior tibiofibular liga 
ment of the syndesmosis. If external rotation continues, the 
interosseous membrane and then the posterior tibiofibular lig 
ament will be injured. In skiing, the boot does not allow any 
sagittal plane movement (dorsiflexion or plantar flexion);

Figure 4. Receiving a blow to the lateral leg, thigh, or anterior 
trunk, with the foot planted, commonly causes rotation of the body 
in the opposite direction and results in a tibiofibular syndesmosis 
sprain. (Adapted with permission.4)

Figure 5. A ski that sticks in the snow, causing external rotation 
of the leg and rotation of the body in the opposite direction, causes 
syndesmotic injury.

therefore, slalom skiing can result in excessive external rota 
tion and injury to the tibiofibular syndesmosis (Figure 5). 39

Widening of the ankle mortise that causes syndesmosis in 
jury can also be the result of excessive or severe dorsiflexion. 
Normally, dorsiflexion causes the interosseous ligament to be 
come taut. 2 However, since the anterior aspect of the dome of 
the talus is wider than the posterior aspect, the wider portion 
of the talus pushes or wedges the malleoli apart during ex 
treme dorsiflexion. 38 This excessive force at the syndesmosis 
can sprain or even rupture the anterior and posterior tibiofib 
ular ligaments.40

The hyperdorsiflexion mechanism is seen in running and 
jumping sports when the foot is planted and the athlete falls 
or is pushed forward. Another example is when an athlete 
must come to a sudden stop with the foot planted, and the 
athlete's momentum continues to carry the body forward, 
pushing the foot into dorsiflexion and placing stress on the 
mortise. Extreme dorsiflexion and resultant injury can also oc 
cur when an ice hockey player's skate is forced into the 
boards. 18 '40 A syndesmotic injury resulting from hyperdorsi 
flexion is much less likely in the presence of an extended knee 
due to the increased tautness of the gastrocnemius muscle.

Syndesmosis injuries can also result from severe eversion
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or inversion ankle sprains.6 ' 38 '40 Excessive eversion at the sub- 
talar joint can tear the deltoid ligament, force the talus to push 
the fibula laterally, and eventually damage the tibiofibular lig 
aments. 18 '40 Severe inversion injuries damage the lateral ankle 
ligaments and can also disrupt the ankle mortise and fibular 
stability2 '38 ; the tibia and fibula usually separate and sponta 
neously reduce.40 In the eversion and inversion mechanisms, 
the lateral malleolus, distal fibula, or medial malleolus usually 
fractures before the syndesmosis ligaments rupture. 38

Several other mechanisms of syndesmotic injuries have 
been described in the literature. Mack8 discussed combined 
pronation and external rotation of the foot, causing both del 
toid ligament and anterior inferior tibiofibular ligament injury. 
Taylor et al5 reported that either internal or external rotation 
could cause the mortise to widen and lead to syndesmosis 
injury. Several researchers have also reported extreme plantar 
flexion as a mechanism in syndesmosis injuries.2 '5 ' 39

CONCLUSIONS
Injury to the distal tibiofibular syndesmosis is less common 

than injury to the lateral ankle ligaments. Syndesmosis injuries 
are difficult to evaluate, take longer to recover from, and can 
be disruptive to normal, proper functioning and the biome- 
chanics of the ankle and lower leg.

Little research has been conducted on syndesmosis injury, 
especially evaluation and treatment and rehabilitation regi 
mens. To evaluate, treat, and manage this injury, it is extreme 
ly important for the clinician to have a thorough knowledge 
of ankle and lower leg anatomy and joint biomechanics. When 
evaluating for a possible distal tibiofibular syndesmosis sprain, 
remember that injuries to the distal tibiofibular ligaments are 
most often incomplete and frequently occur with other injuries. 
Isolated injuries to the distal tibiofibular joint usually result 
from either external rotation or forced dorsiflexion.

Much research is still needed on syndesmosis injuries. Ac 
cording to current literature, this injury is considered a rare 
ankle injury,2 '3 ' 38 is difficult to evaluate,6 and has a long re 
covery time.4 '5 A thorough background in and knowledge of 
the anatomy, mechanics, and injury mechanisms will assist 
clinicians in improving their evaluation skills and developing 
treatment regimens.
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Objective: Many Special Olympics athletes experience hy- 
pokinetic diseases and comorbid conditions that may predis 
pose them to serious injuries during physical activity. A clear 
understanding of these conditions and diseases may assist 
health care professionals in preventing further distress and 
managing the injuries sustained by these athletes. Such dis 
eases and conditions include overweight and obesity, diabetes, 
vision problems, seizure disorders, and Down syndrome, which 
is often associated with atlantoaxial instability.

Data Sources: MEDLINE, SPORT Discus, and Special 
Olympics information sources for the years 1990-2000 using 
the key terms Special Olympics, mental retardation, comorbid- 
ity, Down syndrome, hypokinetic diseases, and physical activity 
were searched.

Data Synthesis: A basic review of hypokinetic diseases and 
comorbid conditions prepares health care professionals for 
working with people with mental retardation.

Conclusions and Recommendations: Health care volun 
teers at Special Olympics events treat athletes with mental re 
tardation who may also have some of the comorbid conditions 
and hypokinetic diseases observed commonly in this popula 
tion. Moreover, many of these conditions and diseases are typ 
ical in athletes without mental retardation. Athletic trainers 
should be familiar with these conditions and diseases but 
should review the unique conditions and prescription medica 
tions commonly found in the Special Olympics population be 
fore providing medical services for these athletes.

Key Words: mental retardation, comorbidity, Down syn 
drome, hypokinetic diseases, physical activity

T he National Athletic Trainers' Association defines the 
physically active as "individuals who engage in athlet 
ic, recreational, or occupational activities that require 

physical skills and utilize strength, power, endurance, speed, 
flexibility, range of motion, or agility." 1 Today, certified ath 
letic trainers (ATCs) serve a larger and more diverse popula 
tion than in past years. One population that is included in event 
coverage is Special Olympics (SO).

As ATCs volunteer their expertise at SO events or by treat 
ing athletes in the clinical setting, they find that working with 
SO athletes is similar in many ways to working with athletes 
who do not have cognitive developmental delays. Many SO 
athletes receive their education in the least restrictive environ 
ment, where the opportunity for full or partial inclusion in the 
general primary and secondary school setting exists, with a 
small percentage participating in high school-sanctioned ath 
letic teams. The same methods of prevention, management, 
and rehabilitation of athletic injuries used for noncognitively 
challenged athletes are used for SO athletes. Certain physical 
conditions, often called comorbidities and hypokinetic diseas 
es, are found commonly in SO athletes as well as in athletes 
without cognitive developmental delays. The ATCs working 
with the SO population should be cognizant of the comorbid 
and hypokinetic diseases and be well prepared for injury man 
agement. It is imperative that ATCs recognize and understand 
the underlying pathologies that are characteristic of the SO 
population.

Comorbid diseases are accompanying, but unrelated, path

ogenic conditions that indicate the coexistence of 2 or more 
disease processes. 2 An example would be an SO athlete with 
Down syndrome (DS) who is diabetic and being treated for 
an ankle sprain. The ankle sprain and diabetes are comorbid 
conditions; thus, the ATC should have a complete understand 
ing of the pathologic features and considerations of both con 
ditions before initiating treatment. This comorbid condition is 
managed in SO athletes as in all physically active people with 
diabetes. Therefore, the purpose of this article is to provide 
clinical information to health care professionals regarding the 
SO population.

OVERVIEW OF SPECIAL OLYMPICS
Special Olympics, Inc, is a nonprofit, international program 

that was developed in the early 1960s to provide year-round 
sports training and athletic competition for people with mental 
retardation (MR). Accredited SO programs exist in 150 coun 
tries, including all 50 United States and Washington, DC. An 
estimated 25 000 communities in the US have SO programs. 
These programs rely very heavily on volunteers to organize 
and operate the local, regional, state, and world games. 3

Mental retardation occurs in about 2% to 3% of the popu 
lation in the United States, affecting 7.5 million people. 3 This 
condition affects approximately 1 in 10 US families. World 
wide, approximately 3% of the population (156 million peo 
ple) is affected by MR. Of these, 1 million people participate 
in SO, and approximately 550000 athletes participate in the 
US program. 3
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Table 1. Special Olympics Sports5

Alpine skiing
Aquatics
Athletics (track/field)
Badminton
Basketball
Bocce
Bowling
Cross-country skiing
Cycling

Distance running
Equestrian sports
Figure skating
Floor hockey
Golf
Gymnastics
Power lifting
Roller skating
Sailing

Soccer (football)
Softball
Speed skating
Table tennis
Team handball
Tennis
Volleyball
Unified sports*

*Unified sports combines approximately equal numbers of athletes with 
and without mental retardation to form sports teams for training and 
competition at local, state, national, and international events.

Mental retardation is identified before age 18, with char 
acteristics including significantly subaverage intellectual func 
tioning with significant limitations in 2 or more adaptive skill 
areas. These adaptive skill areas include communication, self- 
care, home living, social skills, community use, self-direction, 
health and safety, functional academics, leisure, and work.4 An 
example of 2 or more adaptive skill deficits may be deficits in 
communication with health and safety. For instance, when SO 
athletes are injured in practice, do they realize that the pain 
being experienced may be harmful, and can they communicate 
to someone that they are injured and need help?

To be eligible to participate in SO, athletes must be at least 
8 years of age and must be identified by a professional agency 
as having MR. 3 Other criteria for participation are having a 
developmental disability with significant learning or vocation 
al problems due to cognitive delay that require specially de 
signed instructions. 3 These criteria for participation align with 
the definition of MR. Other terms that are synonymous with 
MR are cognitive disabilities, mental handicaps, and intellec 
tual disabilities.

It is mandatory for all SO participants to have a preparti- 
cipation physical examination from a physician or other pro 
fessional certified to perform physical examinations before 
competing in any official SO competition. The athletes must 
participate for 8 weeks in formal sports training and practice 
sessions before competing in their chosen sport. Further, ath 
letes have the opportunity to train and compete in multiple 
sports throughout the year. Special Olympics offers 25 differ 
ent sports, which follow the rules and regulations set forth by 
the national governing body for each sport (Table 1). More 
over, the SO Rules Committee governs any slight modifica 
tions that occur in certain sports. 3

Coaches are required to be formally certified in SO sports 
via the SO Skills Course. During this course, coaches are 
shown new techniques for conditioning, building strength, and 
teaching athletic skills to help develop highly competitive ath 
letes, regardless of their ability. As coaches learn new tech 
niques, ATCs can use this forum to share their knowledge 
about strength and conditioning, prevention and management 
of sport-related injuries, and the need and methods for devel 
oping standard operating procedures for events.

COMMUNICATION POINTS FOR SPECIAL 
OLYMPICS ATHLETES

When working with SO athletes during competition or re 
habilitation, health care providers should give SO athletes a 
primary set of instructions with simplified information regard 
ing their injuries. Certified athletic trainers should make eye

contact and speak clearly and directly to the athlete. Language 
should be concise and spoken at an age-appropriate level when 
giving instructions to the athlete. Verbal instructions should be 
short and sequential, and all dialogs should be reviewed with 
the athlete to ensure that the athlete understands the directions. 
All motor patterns and activities should be demonstrated by 
the ATC before asking the athlete to engage in movement. 
Further, all motor patterns should be reinforced and repeated 
to allow the athlete to explore his or her kinesthesis to assist 
in the learning process. Finally, the athlete should be ques 
tioned to describe what he or she is being asked to perform.6 
The aforementioned communication skills, with slight modi 
fications, are appropriate for giving instructions to all physi 
cally active people.

MEDICAL CONDITIONS ASSOCIATED WITH 
SPECIAL OLYMPICS ATHLETES

Medical conditions found in people with MR include many 
of the common hypokinetic diseases, such as overweight and 
obesity, diabetes, and hypertension. 7 Other conditions identi 
fied in the SO population are cardiovascular diseases (congen 
ital and acquired), seizure disorders, vision problems, asthma 
and allergies, musculoskeletal conditions, joint laxity, and 
DS. 8 As previously stated, all SO athletes must have a pre- 
participation physical examination before competition. Past 
medical history forms with the parent or guardian's signature 
and physician certification forms must be present at all prac 
tices and competitions. During competition, it is common 
practice in certain states for the athletes to wear some form of 
identification credential, with codes denoting any serious med 
ical problems. These codes provide a quick reference as to the 
athlete's underlying conditions. Some state competitions may 
require athletes to wear wristbands with abbreviated medical 
information or color-coded dots denoting certain medical con 
ditions. For example, red dots may indicate hypertension or a 
heart condition, green dots may imply susceptibility to sei 
zures, blue dots may denote the use of multiple medications, 
and yellow dots may suggest an asthma or allergy condition. 
The athlete's medical history records still need to be present 
at all events, as the color codes only indicate nonspecific con 
ditions. For instance, a red dot alerts the medical provider to 
a heart condition without specifying hypertension or mitral 
valve prolapse. This coding method should be described fully 
in the event handbook and the health care professionals' hand 
book for the particular competition. This coding system should 
also be a part of the standard operating procedures and should 
be explained fully, by the medical director overseeing the 
event, to the medical staff providing coverage.

Overweight and Obesity
It is estimated that approximately one half of all people with 

MR are overweight, as compared with one third of the general 
population in the United States. 7 Overweight is defined as 
16% to 24% body fat for men and 24% to 31% for women. 
A person is diagnosed as obese when the percentage of body 
fat exceeds 25% in men and 32% in women.9 Athletes who 
are overweight are at greater risk for developing hypertension, 
diabetes, and high cholesterol, which can increase the risk for 
heart disease. Other identified health problems associated with 
overweight and obesity include an increased psychological 
burden, a greater risk for cancer, and an increased rate of pre-
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Table 2. Characteristics and Symptoms of Type 1 Diabetes 
Mellitus101213

Characteristics
Only 10% of all diabetic patients have type 1 diabetes
Abrupt onset
Onset usually occurs during puberty or after age 40
Genetic predisposition factors for diabetes 

General symptoms
Cessation of growth among the young
Excessive urination (polyuria)
Excessive thirst (polydipsia)
Unsatisfied hunger (polyphagia)
Weight loss
Irritability
Drowsiness
Coma 

Symptoms of uncontrolled type 1 diabetes
Glucose in the urine (glycosuria)
Excessive levels of glucose in the blood (hyperglycemia)
High levels of ketone bodies in the blood (ketosis)

Table 3. Characteristics and Symptoms of Type 2 Diabetes 
Mellitus10 ' 1213

Characteristics
Accounts for 90% of diabetic patients
Gradual onset
Usually occurs in people over age 40 and frequently over age 55
Usually occurs in overweight and obese people
Has a higher incidence in African American and Hispanic people than 

in other ethnic groups
Genetic predisposition factors for diabetes 

Symptoms
Fatigue
Urination at night (nocturia)
Excessive thirst (polydipsia)
Weight loss just before diagnosis
Blurred vision
Cuts or bruises that are slow to heal
Tingling or numbness in the hands or feet
Recurring skin, gum, or bladder infections

mature death. 10 As with all athletes, SO athletes who are over 
weight or obese should be monitored for proper hydration to 
prevent heat-related illnesses because these individuals' core 
body temperatures rise more quickly than those of fit individ 
uals. 11 Special Olympics athletes who are taking antiepileptic 
and psychotropic drugs are at a greater risk for heat-related 
illnesses because these drugs decrease the body's thermoreg- 
ulatory capacity. Moreover, these athletes need to be reminded 
often to continue to hydrate before, during, and after compe 
tition and practice. Proper counseling and recommendations 
for healthier lifestyles should be discussed with athletes, 
coaches, parents, and guardians during the physical examina 
tion. Follow-up measures should be implemented to ensure 
that proper interventions occur, just as other follow-up mea 
sures are implemented for physically active individuals. This 
process may entail a phone call from the physician or ATC to 
the parent or guardian or discussion of the progress report 
during a follow-up visit to the athletic training room, clinic, 
or office.

Diabetes
Another condition observed in SO athletes is diabetes mel- 

litus. This metabolic disease, in which carbohydrate use is re 
duced, results in increased use of lipid and protein sources for 
energy production. Diabetes is caused by an ultimate or rela 
tive deficiency of insulin. Normal blood glucose levels should 
be in the range of 4.4 to 5.6 mmol/L (80 to 100 mg/dL). Low 
blood glucose levels (hypoglycemia) and high blood glucose 
levels (hyperglycemia) are levels less than 2.2 to 2.8 mmol/L 
(40 to 50 mg/dL) and greater than 7.8 mmol/L (140 mg/dL), 
respectively. 12 Two types of diabetes are common: type 1 di 
abetes (formerly called insulin-dependent diabetes mellitus 
[IDDM]) and type 2 diabetes (formerly called non-insulin-de 
pendent diabetes mellitus [NIDDM]) (Tables 2 and 3). Major 
risk factors associated with type 2 diabetes include a family 
history, obesity, race, age, previously identified impaired glu 
cose tolerance, hypertension, and significant hyperlipid-
emia. 10.12.14

Characteristics of decreased insulin levels include hypergly 
cemia, glycosuria, water and electrolyte loss, ketoacidosis, and 
coma. Neuropathy, retinopathy, nephropathy, generalized de

generative changes in large and small blood vessels, and in 
creased susceptibility to infection are long-term complications 
of this condition. 12

People with diabetes have delayed wound healing due to 
the occlusion of arteries and arterioles and the decreased pres 
ence of white blood cells. Abnormal chemotaxis and defective 
phagocytosis in the white blood cells lead to an increased risk 
of infection. Certain pathogens procreate more rapidly in an 
environment containing increased sugar levels, which provide 
excellent energy sources for the infecting organism. Athletes 
with diabetes who sustain tissue wounds should be monitored 
closely on a regular basis to ensure that proper tissue healing 
occurs. 12

Wound management is essential for all athletes; therefore, 
it is imperative that athletes with diabetes or any other physical 
conditions such as DS have properly fitting orthoses and pros- 
thetics to prevent skin irritations. Further, proper-fitting athletic 
shoes must be worn to prevent blisters or other tissue wounds, 
which may ultimately lead to severe infections and osteomy 
elitis. As these athletes grow and mature, regular screenings 
for proper-fitting footwear and any other orthopaedic devices 
that may be warranted should be performed during physical 
examinations to ensure proper compliance.

Exercise has been proven to assist in the management of 
diabetes by improving diabetic control, assisting in the pre 
vention of obesity, reducing the risk of coronary heart disease, 
and enhancing psychosocial well being. 13 ' 15 During and after 
exercise, 2 potential problems exist for athletes with diabetes: 
hyperglycemia and hypoglycemia. Hyperglycemia occurs 
when insulin is insufficient to mobilize glucose; thus, glucose 
levels rise dangerously high. Normal physical activity increas 
es epinephrine levels, which naturally causes an increase in 
blood glucose. For the athlete who is hyperglycemic, it is es 
sential that blood glucose be monitored regularly to prevent 
the onset of a diabetic coma. 13 ' 16 The SO athlete may need 
frequent reminders from the coach or health care professional 
to monitor blood sugar levels. Some SO athletes may be able 
to perform their own glucose checks, whereas others may need 
assistance.

Hypoglycemia can occur when insulin is mobilized too rap 
idly, producing dangerously low levels of blood glucose. 16 Hy 
poglycemia can impair judgment and cause loss of coordina 
tion, leading to potential injuries. If blood glucose falls below
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Table 4. Exercise Guidelines for the Athlete16

1. Exercise should begin 1 to 2 hours after meals and before peak 
insulin activity occurs. Peak insulin levels occur 2 to 4 hours after 
injection.

2. Insulin should not be injected into primary muscle groups before 
exercise, as this may cause rapid absorption, resulting in hypogly- 
cemia.

3. Glucose levels need to be measured frequently before and after 
exercise to determine accurate insulin dosages. Physicians should 
be directly involved in regulating correct dosages.

4. Insulin injections should be given at least 1 hour before physical 
activity.

5. Quick-acting carbohydrates (such as juice or candy) should be 
readily available for the athlete to consume to correct potential hy- 
poglycemia.

6. Regular practice schedules at similar times in the day should be 
set to assist in the regulation of metabolic activity.

7. Exercise should be avoided during peak insulin activity.
8. Carbohydrate snacks should be consumed before and during pro 

longed exercise.
9. Proper athletic shoes and fit of shoes are essential during physical

activity.
10. Foot hygiene is very important; immediately treat any cuts, blisters, 

calluses, and signs of infection.

5.6 mmol/L (100 mg/dL), the athlete should consume more 
carbohydrates before beginning or resuming physical activity. 
If an athlete's blood glucose level rises above 13.9 mmol/L 
(250 mg/100 dL), exercise should be postponed until normal 
glucose levels are attained. 17 Special Olympics athletes may 
compete on any day and at any time. For example, marathon 
runners or cyclists competing at 6:30 or 7:00 AM may not have 
had an adequate breakfast to allow for regulation and stabili 
zation of blood sugar. Therefore, it is imperative that all SO 
athletes who are diabetic be monitored and evaluated before 
and after competition. Exercise guidelines for athletes with 
diabetes are outlined in Table 4.

Down Syndrome and Associated Medical and 
Orthopaedic Conditions

Down syndrome is a condition that occurs because of the 
presence of an extra chromosome 21, or trisomy 21. 12 Chil 
dren with DS are usually smaller than children without this 
syndrome, and they often have delayed cognitive develop 
ment. Motor skill and language development also may be de 
layed. Most people with DS function in the mild to moderate 
range of MR. 18 Approximately 13% or 65 000 of 550000 SO 
athletes are estimated to have DS. 3

One physical characteristic occurring in approximately 10% 
to 20% of the DS population is atlantoaxial instability. 18 ' 19 
Atlantoaxial instability is caused by laxity of the transverse 
ligament, which holds the odontoid process of the axis in place 
on the inner aspect of the anterior arch of the atlas. This lig 
ament assists in maintaining integrity of the C1-C2 articula 
tion. Atlantoaxial instability can also result from abnormalities 
of the odontoid, including hypoplasia, malformation, or com 
plete absence. 18 All athletes with DS must have a lateral-view 
radiograph of the cervical region in neutral position, full flex 
ion, and full extension before being cleared to participate. 20 
Athletes who have abnormal radiographs are eliminated from 
contact sports such as diving, gymnastics, floor hockey, and 
soccer and are limited to noncontact competition such as bowl 
ing, swimming, cross-country skiing, figure skating, and dis

tance running. Swimmers who have abnormal radiographs are 
restricted from starting on the blocks and required to start in 
the pool.5

If cardiopulmonary resuscitation or rescue breathing is nec 
essary in an athlete with DS and atlantoaxial instability, man 
aging the airway may be difficult. Decreased mandibular range 
of motion, a larger tongue, and a smaller neck length create 
special airway management concerns in these athletes. Also, 
tilting the head back to open the airway is not recommended; 
hence, the modified jaw thrust is indicated because of the lax 
ity of the upper cervical spine.

Other common orthopaedic problems associated with DS 
are patellar instability, metatarsus primus varus with hallux 
valgus or varus, pes planus, poor muscle tone, and scoliosis. 
It is essential to achieve a proper fit for athletic footwear (ie, 
ice skates, soccer cleats, ski boots, and running shoes), but this 
fit is hard to achieve because it is difficult to obtain the correct 
shoe length and width from public shoe and sporting goods 
stores. Potential problems arise due to the anatomical disorders 
of the feet, including conditions such as hallux valgus or varus, 
pes planus or cavus, and insensate feet, which can result in 
blisters, tendinitis, and other associated overuse or sensory in 
juries. 19

Some form of congenital heart disease, including ventricular 
septal defects, mitral valve prolapse, and aortic regurgitation, 
is present in 40% to 45% of people with DS. 8 - 19 - 21 The SO 
Medical Advisory Board investigated recommendations for 
athletes with DS and cardiac conditions and determined that 
athletes with DS should be examined carefully for the presence 
or development of aortic regurgitation and mitral valve pro 
lapse before they are permitted to compete. 5 Given the innoc 
uous status of these conditions in the DS population, it is rec 
ommended that these athletes be permitted to participate in 
physical activity. 19 Nevertheless, these conditions necessitate 
certain interventions and recommendations before an athlete 
is cleared for participation.

During physical activity, indications of distress in athletes 
with cardiovascular conditions may include heart palpitations, 
syncope, lightheadedness, and dyspnea. The coach or ATC 
should recognize these signs and symptoms quickly and im 
plement first aid management efficiently because these con 
ditions may lead to more serious cardiovascular complications, 
such as cardiac arrest or cerebrovascular accidents. It is im 
perative to know which athletes have which medical condi 
tions. Before the competition begins, the medical director 
should review the medical history forms. As previously noted, 
these history forms should also be readily accessible on site 
for reference.

Automated external defibrillators are becoming more and 
more available in the athletic training setting. It is imperative 
that ATCs receive training and education in the use of these 
defibrillators because cardiovascular conditions can affect ath 
letes of all ages and abilities.

Other medical conditions associated with DS are decreased 
auditory function, vision problems, and obesity. 19

Vision Problems
Vision problems occur in almost one half of the population 

with MR. These conditions include astigmatism (37%), re 
fractive errors (49%), nystagmus (30%), strabismus (52%), 
lenticular opacities (35%), and blepharitis (12%). 22 During the 
1995 Special Olympics Summer World Games, a comprehen-
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sive vision screening was performed on 905 SO athletes from 
70 countries. Visual acuity, refractive error, ocular motor 
skills, stereopsis, color vision, contrast sensitivity, eye-hand 
and eye-foot coordination were assessed, and external and in 
ternal ocular evaluations were conducted. Among these SO 
athletes, 30% (272 athletes) wore glasses, 0.6% (5 athletes) 
wore contact lenses, and only 0.3% (3 athletes) wore American 
Society for Testing and Materials-approved sports frames. The 
risk of eye injuries for athletes wearing standard spectacles 
during contact sports is greatly increased. Therefore, it was 
strongly recommended that greater preventive measures be 
taken to ensure that more athletes wear approved sports frames 
during practice and competition.23

Special Olympics athletes who have undiagnosed vision 
problems are at increased risk for sustaining injuries during 
practice and competition because of the great demands for eye- 
hand and eye-foot coordination and body kinesthetics. The 
combination of the vision deficit and the existing cognitive 
impairment also affects coordination and kinesthetics and sets 
these athletes up for a greater chance of injury: for example, 
a softball player may misjudge a fly ball and sustain a facial 
injury, a soccer player may miscalculate a header ball and 
sustain a mild concussion, or a gymnast may sustain a trau 
matic injury while performing a balance-beam routine.

Seizure Disorders
Seizures are the result of a sudden, explosive, disorderly 

discharge of cerebral neurons. They are characterized by a 
sudden, transient alteration in brain function, usually involving 
motor, sensory, autonomic, or psychic clinical manifestations 
and an altered level of arousal. 12 The jerky, contraction-relax 
ation movement associated with seizures is described as a con 
vulsion, whereas epilepsy is defined as a predisposition to re 
current seizures. 24 In the general population, approximately 
10% of all individuals will have a seizure during their lives; 
however, only 2% of the population will develop epilepsy. 14 
To date, no epidemiologic studies have been performed to de 
termine the percentage of SO athletes who are seizure prone 
or epileptic.

There are 3 categories of seizures: absence attacks (petit mal 
seizures), complex partial seizures (psychomotor seizures), and 
tonic-clonic seizures (grand mal seizures). Further descriptions 
of each type of seizure are given in Table 5. Tonic-clonic sei 
zures are the most severe type of seizure. Physical injury can 
result even if proper precautions are taken. Cervical, clavicu 
lar, humeral, trochanteric, and ankle fractures and shoulder and 
hip dislocations have occurred due to the forceful contractions 
of the muscles. 13 Causes of seizures include metabolic defects, 
congenital malformations, genetic predisposition, perinatal in 
juries, postnatal trauma, motor syndromes, infections, brain 
tumors, vascular diseases, and fevers (Table 6).

Preventing physical injury is the primary goal in managing 
seizures. The athlete's head and body must be protected at all 
times but not restrained. Objects should never be placed in the 
athlete's mouth as dental health and the airway may be com 
promised. Certified athletic trainers should ensure that the ath 
lete does not aspirate any foreign material. If a seizure occurs 
in the water, the athlete's head and trunk should be supported 
but not restrained. The athlete's head and face must remain 
above the surface, and an open airway must be maintained at 
all times. It is important to remove the athlete from the water 
as quickly as possible and to transport him or her to the hos-

Table 5. Characteristics of Seizures1213

Type Duration Description

Absence attacks 5-10 s Blank staring into space for a short 
(petit mal) time

Very mild in nature
Cognitive state may change slightly
Facial muscles may twitch; eyelids

may flutter
Onset may occur around age 5 
Attacks are most prevalent in child 

hood
Complex partial 1-5 min Disorientation, loss of contact with re- 

(psychomotor) ality
Uncontrolled motor activity in isolated 

muscle groups such as lip smack 
ing, hand clapping, or wandering 
about

Fidgeting with clothes 
Person may seem to be drunk,

drugged, or psychotic
Tonic-clonic 50-90 s Sensory phenomena (such as a 

(grand mal) taste, a sensation, or an aura) be 
fore the onset 

Loss of consciousness 
Temporary amnesia 
Loss of bladder and bowel control 
Intense physical activity may occur 

after either tonic or clonic convul 
sions

Tonic refers to rigid muscle contrac 
tions with no relaxation 

Clonic refers to repetitive muscle con 
traction and relaxation in rapid suc 
cession 

Most severe type of seizures

Table 6. Common Precursors to Seizures12 ' 14

Hypoglycemia
Fatigue
Lack of sleep
Emotional or physical stress
Environmental stimuli, such as 

blinking or bright lights, 
certain music, loud noises, 
and certain odors

Ingestion of large amount of water
Constipation
Withdrawal from depressant drugs
Hyperventilation
Being startled
Use of stimulant drugs
Febrile illness
Poorly adjusted TV screens

pital for a thorough examination for water ingestion. More 
over, medical providers need to be cognizant that delayed on 
set of shock can occur from water ingestion. 14

A single seizure in a previously diagnosed person with ep 
ilepsy is usually not treated as an emergency, unless the epi 
sode is unusual for that athlete. However, multiple seizures in 
a short period of time, regardless of previous diagnosis, should 
be viewed as a medical emergency. If the seizure is a first 
occurrence, a written description including duration, trigger or 
onset (if identifiable), and type of seizure should accompany 
the athlete to the emergency room. 13 After a seizure, the 
athlete will return to normal consciousness and be very 
tired; therefore, returning to competition immediately is not 
recommended. Currently, no uniform protocol exists for all 
athletes for clearance to return to physical activity. Each 
local accredited program's board of directors will determine 
its own protocols. 5 For instance, one county-accredited pro-
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Table 7. Common Prescription Drugs Prescribed to Special Olympics Athletes2

Drug Indications Adverse Effects*

Antidepressant
Prozac
Zoloft
Nardil
Norpramin
Elavil 

Antiepileptic
Dilantin
Klonopin
Phenobarbital
Tegretol
Mysoline
Depakote 

Antipsychotic
Haldol
Moban
Thorazine
Zyprexa
Risperdal 

Antianxiety
Vistaril
Atarax
BuSpar
Valium
Librium

Depression, mania

Seizure control

Control of psychosis, schizophrenia, psy 
chotic depression, and severe para 
noia disorders

Calming effect

Sedation, insomnia, orthostatic hypotension, muscle 
weakness, Gl upset, polyuria, diarrhea

CNS depression, drowsiness, ataxia, hypersalivation, 
Gl upset, headache, dizziness, dermatitis

Sedation; blurred vision; dry mouth; constipation; or 
thostatic hypotension; changes in motor involve 
ment such as altered balance, altered posture, and 
involuntary movements

Drowsiness, Gl upset, uncoordinated movements, 
decreased motor performance

*CNS indicates central nervous system; Gl, gastrointestinal.

gram may require that, after each seizure episode and before 
returning to physical activity, the athlete be examined by a 
physician; the neighboring county's accredited program may 
state that only first seizures require that the athlete be ex 
amined by a physician; and the next county's program may 
not require that the athlete be examined after any seizure.

Common antiepileptic drugs used by both SO and nondis- 
abled athletes include phenytoin, phenobarbital, ethosuximide, 
primidone, carbamazepine, divalproex sodium, and clonaze- 
pam. Adverse effects of these drugs can include reduced func 
tion of the thermoregulatory system, fatigue, difficulty con 
centrating, and impaired coordination or double vision. 14 
These adverse effects can affect athletic performance, thus pre 
disposing the athlete to preventable injuries. Many athletes 
with seizure disorders can participate fully once they are 
cleared by their physician or neurologist; however, certain ath 
letes may be restricted to noncontact sports in which the risk 
of physical trauma is decreased. 14 Nakken et al25 reported that 
subjects with epilepsy thought that they had better control of 
their seizures and felt better overall when they engaged in 
some form of physical activity. As with all athletes, proper 
nutrition and adequate sleep are essential. Common prescrip 
tion medications prescribed for athletes with epilepsy, along 
with their indications and adverse effects, are presented in Ta 
ble 7.

ATHLETIC INJURIES AMONG SPECIAL OLYMPICS 
ATHLETES

Only 4 studies have been identified that investigated com 
mon injuries sustained by SO athletes. The studies evaluated 
injuries and illness surveillance during SO summer games held 
in Michigan, Connecticut, Hawaii, Texas, the United King 
dom, France, and Germany. 28"31 All of the studies revealed 
that orthopaedic trauma, consisting of the typical sprains,

strains, abrasions, lacerations, and fractures, occurred more of 
ten than did all other medical conditions combined. The knee 
was the most often injured joint, followed by the ankle, back, 
and shoulder. 28 '30' 31 The other medical conditions documented 
included heat illnesses, epistaxis, seizures, diabetes, asthma, 
sunburn, dermatitis, bee stings, and abdominal pain. Sunburn, 
heat exhaustion, seizures, and abdominal pain were the most 
recorded medical conditions. 28"31 In 3 of the 4 studies, track 
and field events and softball events accounted for the greatest 
number of incidents. 28 ' 29 '30 The high incidence of injury may 
have been a direct result of the greater number of participants 
competing in these sports than in other sports.

As with all athletic rehabilitation, goal setting is essential 
during the healing phase for the SO athlete. The final phase 
of rehabilitation should include sport-specific activities to help 
recondition the body and prepare the athlete for competition. 
It is imperative that SO athletes be treated and rehabilitated 
like noncognitively challenged athletes, with only slight mod 
ifications in the presentation of instructions.

CONCLUSIONS
In conclusion, as health care providers volunteer at local, 

regional, state, and world competitions, they must understand 
the comorbidities, or compound medical conditions, that affect 
SO athletes. Moreover, many of the conditions found in SO 
athletes are identical to those seen in athletes without cognitive 
delays. As with all injuries or medical incidents, the medical 
team needs to be able to react quickly and efficiently to pro 
vide proper care for these athletes. Further, the medical team 
is responsible for preventing injuries, as well as managing 
them. By being a part of the SO games organizing committee 
medical team, ATCs can provide valuable precompetition in 
formation on items such as pre-event meals and standard op 
erating procedures. Certified athletic trainers may also assist
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in the development of local medical protocols to ensure that 
the athletes receive the health coverage and care that they de 
serve. It is important for all ATCs to remember that working 
with SO athletes in rehabilitation and reconditioning or cov 
ering their events is no different from the ATCs' usual prac 
tices. Health care volunteers should prepare themselves well 
in advance by reviewing the underlying conditions and co- 
morbid diseases that are observed and identified in SO ath 
letes, as well as the prescription medications these athletes 
take.
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Objective: To describe the evaluation, diagnosis, and con 
servative treatment of a 15-year-old male high school football 
player with an avulsion fracture of the ischial tuberosity.

Background: Avulsion fracture of the ischial tuberosity is a 
rare and often missed diagnosis. A literature review offered lim 
ited information concerning the evaluation and conservative 
treatment of such an injury.

Differential Diagnosis: Avulsion fracture of the ischial 
tuberosity.

Treatment: The athlete's treatment goal was to return to foot 
ball and weight lifting without surgical intervention. Treatment 
initially focused on controlling pain and normalizing gait. The 
athlete then advanced to a progressive resistance exercise pro 
gram and functional sporting drills as he improved in hip range 
of motion, strength, and neuromuscular control. He returned to 
unrestricted sporting activities 14 weeks after the injury.

Uniqueness: Avulsion of the ischial tuberosity is a rare injury. 
Most published case reports have recommended surgical inter 
vention for this injury, with little information describing conser 
vative treatment.

Conclusions: Sports medicine practitioners must obtain an 
accurate history, perform a thorough physical examination, and 
obtain appropriate radiographs in order to correctly diagnose 
an ischial tuberosity avulsion fracture. Furthermore, they should 
consider conservative treatment for minimally displaced ischial 
tuberosity avulsion fractures. Should the athlete not show sig 
nificant functional gains within a month of conservative treat 
ment, the health care provider should consider surgical 
treatment.

Key Words: tuberosity avulsion, hip pain, rehabilitation

Avulsion fractures are injuries commonly seen in ado 
lescent athletes. The injury mechanism is either a sud 
den violent muscular contraction or an excessive 

amount of muscle stretch across an open apophysis. 1 Common 
sites of avulsion injuries include the tibial tubercle and the 
medial epicondyle. Avulsion fractures also occur at the hip 
and may affect the anterior superior iliac spine, the lesser tro- 
chanter, and the ischial tuberosity.

Avulsion fracture of the ischial apophysis is a rare injury,2"4 
which typically results from a sudden forceful flexion of the 
hip joint when the knee is extended and the hamstring muscles 
are powerfully contracted. The athlete complains of pain in 
the buttock and of difficulty walking, standing, and squatting.4 

The diagnosis of an avulsion of the ischial tuberosity is 
often missed because of its rare occurrence and similarity to 
a muscle tear. Severe muscle tears are less common in the 
adolescent age group and more common in adults, after the 
apophyses are closed. 5 Important distinguishing factors be 
tween a hamstring tear and avulsion fracture include the ath 
lete's age and inability to bear weight through the affected 
lower extremity. Consequently, the health care provider must 
gather an accurate history, perform a detailed examination, and 
confirm the diagnosis with roentgenograms. 5 - 7

Some physicians recommend conservative treatment for

such fractures 1 '3 '6 ; others advocate surgical intervention. 2 '4 '7 - 8 
Therefore, the purpose of this case study is to discuss the eval 
uation, management, and treatment considerations for an ath 
lete sustaining an ischial tuberosity avulsion.

CASE PRESENTATION
A 15-year-old high school football player with no history 

of hip or back pain reported to the sports medicine clinic com 
plaining of left buttock pain. He came to the clinic for a second 
opinion after an initial recommendation for open reduction, 
internal fixation for an ischial tuberosity avulsion fracture. The 
athlete's main goal was to return to football and weight lifting 
without surgical intervention.

The player stated that he had hurt his hip on the previous 
day while doing squats in the high school weight room. The 
athlete had routinely and safely squatted 201.85 kg (445 
pounds); however, he had changed his technique on this par 
ticular day, such that his right leg was 5.08 cm (2 in) in front 
of the left, placing more weight on the left lower extremity. 
As he was coming out of the parallel position (thighs parallel 
to the floor), the athlete felt a tearing and sharp pain in his 
left buttock. After this lift, he could neither fully extend his 
left knee or hip nor bear weight on the left lower extremity.
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Athlete's Rehabilitation Program

Week(s) Goals Activity

Figure 1. Computed tomography scan showing an ischial tuber- 
osity avulsion fracture displaced approximately 1.2 cm.

Assessment and Diagnosis
The player walked into the clinic using crutches because he 

was unable to bear weight on the left lower extremity second 
ary to pain. Palpation revealed extreme point tenderness at the 
ischial tuberosity. The athlete was neurovascularly intact, yet 
he had decreased tone of the left hamstring muscles. Gonio- 
metric measurements showed hip extension to neutral. In the 
sitting position, he had 45° of hip flexion. We did not measure 
hip abduction, internal rotation, or external rotation because 
these positions increased his pain. In the prone position, he 
had 90° of active knee flexion. The athlete had normal quad 
riceps strength. Sitting hip flexion strength was graded at 3+/ 
5. Hip extension was graded at 1/5 because he could not ex 
tend his left hip from a prone position, although he did have 
a visible hamstring contraction. The athlete was limited in all 
activities of daily living due to increased posterior hip pain, 
as well as decreased strength, range of motion, and flexibility 
of the left hip. A computed tomography scan (Figure 1) re 
vealed a left ischial apophyseal avulsion displaced approxi 
mately 1.2 cm. Of note, the athlete had anterior-posterior pel 
vis films made at another hospital's emergency room but did 
not bring them to our clinic. The physician felt no need to 
repeat the X-ray films because the computed tomography scan 
provided a clear diagnosis.

Clinical Course
During the first week, the athlete took a nonsteroidal anti- 

inflammatory drug and continued with ice and rest. One week 
after the injury, he began rehabilitation (Table). Rehabilitation 
initially focused on pain control, gait training, and hamstring 
strengthening. Specifically, the initial treatment plan included 
modalities such as moist heat before and ice after each exercise 
session for pain control, weight-bearing activities (weight 
shifts with progression to single-leg stance) to normalize gait, 
submaximal hamstring isometrics for muscle re-education, and 
gentle hip stretches for restoring flexibility. Two weeks after 
the injury, the athlete walked with a normal gait pattern, dem 
onstrated improved hip range of motion, and reported a sig 
nificant decrease in pain.

1 Pain reduction

Muscle re 
education

2-4 Pain reduction 
Normal gait

Normal hip range of
motion 

Improve hip
strength*

Restore neuromus- 
cular coordination

5-8 Normal cardiovas 
cular endurance 

Normal hip 
strengthf

9-14 Return to sport

Rest, icing, and nonsteroidal anti- 
inflammatory drug

Submaximal hamstring isometrics 
(pain free)

Moist heat and ice
Weight shifts and single-leg 

stance balancing
Stationary bicycle, gentle hip 

stretches
Leg press, standing hip thera 

peutic exercises (all planes); 
front, side, backward step-ups, 
bridging

Quarter lunges, quarter squats, 
balance activities on mini- 
trampoline

Bicycle, jog, swim

Leg press, multihip machine, half 
squats, half lunges, hamstring 
curls

Weight room activities as above, 
sport-specific drills

*The athlete performed 3 sets of 20 repetitions of each exercise at 65%
of the maximum repetition for muscle endurance, range of motion, and
flexibility.
fThe athlete performed 3 sets of 10 repetitions of each exercise at 80%
of the maximum repetition for strength effects.

Based on these functional improvements, the athlete was 
then progressed to a more aggressive strengthening program, 
which included both open and closed kinetic chain exercises 
with concentric and eccentric activity. At this point, he toler 
ated riding a stationary bicycle and walking on a treadmill to 
improve cardiovascular endurance. Had a regular stationary 
bicycle been uncomfortable, then the athlete could have used 
a recumbent bicycle. The athlete used the leg press and multi- 
hip machines to strengthen the hip musculature. He also pro 
gressed to lunges with the knee at 45° of flexion and quarter 
squats. Four weeks after the injury, the athlete demonstrated 
normal hip range of motion and significant strength improve 
ments, and he began a jogging program. The physician felt 
that the athlete could safely initiate the jogging program based 
on his functional gains and the fact that the fracture was stable 
and nondisplaced. Initially, the athlete jogged at 25% effort on 
a treadmill for 5 minutes and gradually progressed to running 
at 50% speed for 20 minutes on the football field over the next 
4 weeks.

Eight weeks after the injury, the athlete's hip strength re 
turned to a functional level. At this time, he began sport-spe 
cific drills. Examples included lunges to 90° of knee flexion, 
jump squats (standing in a squatting position with 30° of knee 
flexion, jumping upward and landing in the same position), 
single-leg balance clock drill (balance on the left leg and 
touching different points on the ground with his fingertips), 
and low-level cutting drills. Except for the cutting drills, the 
athlete performed 3 sets of 10 repetitions for each exercise. 
As he progressed with each activity, we challenged him more 
by adding rubber tubing resistance to the left lower extremity. 
Cutting drills began at submaximal speeds without sharp turns 
over a 45.72-m (50-yard) distance and progressed to sharper 
turns at faster speeds over the same distance. The player con-
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Figure 2. X-ray film (inlet view) taken approximately 1 year after 
the initial injury.

tinued these activities in conjunction with his weight-room 
program for another 6 weeks. After successfully completing 
therapeutic exercise and all functional drills specific to playing 
football, the athlete returned to his previous sporting level 14 
weeks after the initial injury. He played throughout the entire 
football season without limitation, returned to regular weight- 
room activities, and won his high school's annual weight-lift 
ing award that following spring. Approximately 1 year later, 
the athlete reported no pain or decrease in sporting capability 
(Figure 2).

DISCUSSION
Bony avulsions from the ischial tuberosity are rare. 2 '4 In 

juries of the ischial tuberosity occur most commonly in indi 
viduals whose tuberosity is not yet fused. 6 Generally, the 
mechanism of injury is a forceful flexion of the hip with the 
knee extended and the hamstring muscles powerfully contract 
ed, which can occur with sprinting, long jumping, or hur 
dling. 2 '6 '7 ' 8 Such injuries involve the hamstrings working ec 
centrically in decelerating hip flexion. Our patient's injury 
differed in that the avulsion occurred as he performed a strong 
concentric contraction across an open apophysis.

The athlete with such a fracture has localized swelling, ten 
derness, and limitation of motion about the site of the avulsion 
fracture. Pain may be extreme. In addition to obtaining an 
accurate history and performing a complete physical exami 
nation, the examiner must obtain radiographs to confirm the 
diagnosis. 1 ' 5 ' 6 Additionally, sports medicine practitioners 
should order radiographs whenever an athlete cannot bear 
weight on a lower extremity in order to rule out a fracture. 
The health care provider should also rule out other potential

diagnoses such as piriformis syndrome, intervertebral disc dis 
ease, ischial tuberosity bursitis, and osteomyelitis. 5 - 6

Wootton et al 8 recommended nonsurgical intervention for 
avulsions separated by less than 2 cm. Other authors'•3>5 -6 also 
advocated conservative treatment; however, few follow-up 
studies have demonstrated the long-term effects of conserva 
tive treatment. A potential complication resulting from con 
servative treatment is nonunion of the avulsion fracture, or the 
"hamstring syndrome," in which shortening and usually fi- 
brosis occur in the hamstring origin near the ischial tuberos 
ity. 9 Symptoms include an inability to sit, groin or buttock 
pain, muscle weakness, and decreased sporting ability. In pa 
tients with nonunion or persistent pain sitting or during func 
tional activities, surgical restoration of normal hamstring 
length by an orthopaedic surgeon can help the athlete regain 
normal function. 8

Our case involved an athlete with a 1 .2-cm ischial tuberosity 
avulsion, and our orthopaedic surgeon recommended conser 
vative treatment. He did discuss the potential for surgical in 
tervention should the athlete not achieve significant functional 
gains with conservative treatment after 4 weeks.

We patterned our rehabilitation plan after Metzmaker and 
Pappas' 5 5-phase program. First, they recommended rest and 
ice. Second, they initiated gradual mobilization as pain sub 
sided. Third, the athlete began a comprehensive resistive ex 
ercise program as active range of motion improved. When the 
athlete demonstrated hamstring strength (knee flexion and hip 
extension on manual muscle testing) of 50% of the expected 
outcome, he or she could begin more functional activities. Fi 
nally, the athlete could return to full sporting activities after 
achieving full strength and neuromuscular coordination. Our 
treatment plan incorporated these principles, and our athlete 
safely returned to full sporting activities.

CONCLUSIONS
Avulsion fracture of the ischial tuberosity is a rare, often 

misdiagnosed injury. Factors vital to the proper diagnosis in 
clude an accurate history, thorough physical examination, and 
appropriate radiographic views. After making a proper diag 
nosis, the physician must then decide between conservative or 
surgical treatment.

Our case demonstrates an athlete's safe return to full sport 
ing activity after conservative treatment. Health care practi 
tioners should consider conservative treatment for minimally 
displaced (less than 2 cm) avulsion fractures. Early goals of 
rehabilitation include controlling pain and normalizing gait. As 
pain subsides and gait improves, the athlete can safely begin 
a progressive resistance program. Once full range of motion 
and strength are restored, the athlete can begin functional ac 
tivities in preparation for full return to sport. If an athlete fails 
to make significant gains in hip range of motion, strength, 
function, and pain within the first month of rehabilitation, then 
surgical intervention may be indicated.
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e-matf to jap©fi

Objective: To repoitf abnormal: changes; im tower1'eg!.antertw" 
compartment pressure in 1 subie&iwi®&emmm^€m&$m'3,& 
a dietary supplement.

Background: The subject received' creatine at a dosage of 
©1.3 g-kg body mass-'-cf 1 for 6 days, followed by 0.03 g-kg. body 
iwass' 1 -d" 1 for 28 days. Thereafter, the subject consumed 1 no 
supplement for 21 days. Compartment pressure was measured 
pie-exercise and for 15 minutes postexercise after a-treadmill 
nun for 20 minutes at 80% of VO2 max before supplterfrentetitsriM 
and after 6 and 34 days of supplementation.

Differential Diagnosis; Normally, resting anterior compart 
ment pressure is less than 15 rnm Hg> whereas postexercise- 
pessure is below 30 to 35 mm Hg. Creatine supplementation! 
fer 6 days dramatically increased' pressure at rest (31 mrn Hg)' 
and'at 1 minute (67 mm Hg), 5 minutes (35 mrn Hg), 10 minutes 
((28 rnm Hg), and 15 minutes (26 mrn Hg) postexercise. Pres 
sure: remained high at rest (35 mrn Hg) and at t minute ('109 

i Hi|),.. S iwinuteS'(90 mrn Hg), 10

Compartment pressure was imeasured'al
after 7 and 21 days with no supplementation. Anterior norn- 
parturient 1 pressure decreased after cessation of cmalim sup- 
plementation. However", pressures were elevated! ai / i''.:«v/"i 
postsupplementation at rest (26 mm Hg) and at 1 nniinT" : i ' J- 
mnihHg), 5 minutes (58 mm Hg), 10 minutes (40 .mm Hat. -isid 
15 minutes (30 mm Hg) postexercise.. Pmfisnrn?; .it :•> \\ riay;, 
postsuppfementation remainied high at rest (?A nnirn Hfj) und a! 
t minute (64 mm Hg), 5 minutes (42 mm Hg), 10 
rffffiihtg), and 15 minutes (P? rnm Hr|)

Conclusion: These "'i^iM ic-rii,"..,!,. ;i 
tation can substantially •iiif.M.;H;,*; .mi'-in 
in the leg.

Key 
eifftp

compaitment pressures of the lower leg were 
measured in I healthy, physically active, male subject 
(age, 25 years) during and after creatine supplemen 

tation. The subject, was not a. vegetarian dieter, was not cur- 
nently using' any prescription medication, had never used a.n L 
arjelie- steroids,-, and 1 had a normal' resting" blood1 pressure of 
1139/89' mm Hg or lower: he had not used creatine suppiemen- 
t&tion within 3 months oi' skuting the investigation. The sub- 
j^pcttttaliliro previous history of lower leg conditions involving 
thV musculoskeletal, neurologic, or vascular structures.-The 
subject read and signed an informed consent form and'coitl 1- 
pleted a health ! history questionnaire in accordance with guide 
lines set forth by the Advisory Co mm itt.ee for Hum an'Exper 
imentation. 1 at 1 the University of Kansas.

r COfflpltitiem11' rJtfem]fW: Wetr rriMttJretf ifl 1 tfi* "s'U'lJ^- 
jjbet on '5 occasions. For each experimental session, he reported

to the laboratory in a .v-honr post absorptive state, ll^ivim;.' ire- 
frained from exercise t'nr IK hours mid From j,';iFfHii<': " jilroh^L 
arid'Other poteritial'diunTir-, for 24 HiM'nr 1 fvhH'v 
ing each 1 experiment;) I .iSMnii, (lie Miihiftvi" KIV 
measured! and a muscle biopsy was pec'Fnntk'il '<. 
days postsiipfllenientation. when no mir 
formed); the •M.ibj{'ei il'ien ran on M le\'«'! 
maximal ;ierob)e poxver For 20 
pressure xv;:ts nieasurc'd al i"t ! sl 

Resting ;.nf«l jioslexereise c 
sured with the siilhjecl in ;.i ' 
the knee, with ibf ;

11 11 1 If |)i!"«"-,'-,iifti:i ', Vi'ein- ( ''itf('' i! ,;ii ;'-

on .iM'i"'!! il.be I irM in<
ol" the foot pointed verfjeally. Aiitfecuir i'<iai['); :niiin's

i j i e a su ret! i j s i n ;. i S f r v k> ' r If nf j"; ?•('"• * >

compart men! felt re I fixed iir
insertion irrfn I}

e tibia! tuberositv and J. eni hilt'k';
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Table 1. Vastus Lateralis Adenosine Triphosphate, 
Phosphocreatine, Free Creatine, and Total Creatine 
Concentrations (mmol-kg-d-m 1 ) Before, During, and After 
Creatine Supplementation

Substance

Adenosine
triphosphate

Phosphocreatine
Free creatine
Total creatine

Before
Supple

mentation

25.6
75.3
41.5

116.8

6 d
Supple

mentation

24.8
81.3
46.9

128.2

34 d
Supple

mentation

24.6
89.7
48.0

137.7

7 d Without
Supple

mentation

25.1
87.9
46.2

134.1

cm2 area of skin was sterilized with Betadine solution (Purdue 
Frederick Co, Norwalk, CT) and anesthetized with 1 mL of 
1% lidocaine without epinephrine. The fascia was pierced at 
a 30° angle to the long axis of the leg, and the catheter was 
directed cephalad at a 45° angle into the muscle belly of the 
tibialis anterior and positioned 2 to 3 cm within the anterior 
compartment. The pressure monitor was filled with a saline 
solution containing heparin (Celsus, Inc, Cincinnati, OH) that 
provided a continuous fluid column from the catheter tip to 
the transducer. After catheter insertion, the pressure was al 
lowed to stabilize (approximately 30 seconds) and was then 
recorded from the digital monitor display. After resting pres 
sure was measured, the catheter was removed, and the subject 
began exercising. After a 5-minute warm-up at 50% of max 
imal aerobic power, the exercise intensity was increased to 
80% of maximal aerobic power, and the subject ran for 20 
minutes. Immediately after exercise, the subject was posi 
tioned as previously described, and the catheter was reinserted. 
Pressures were recorded immediately postexercise and every 
minute for 15 minutes. The data are reported for the pre-ex- 
ercise period and for 1, 5, 10, and 15 minutes postexercise.

Muscle biopsies of the vastus lateralis were performed using 
procedures outlined by Bergstrom, 3 with suction applied to the 
biopsy needle to aid in tissue extraction. The samples were 
immediately frozen in liquid nitrogen and stored at — 70°C 
until analysis. The freeze-dried sample was powdered and an 
alyzed for adenosine triphosphate, phosphocreatine, and cre 
atine concentrations.4 Total creatine concentration was calcu 
lated as the sum of the phosphocreatine and free creatine 
concentrations.

TREATMENT

The subject received creatine monohydrate (NutraSense, 
Shawnee Mission, KS) in tablet form (1 g creatine monohy 
drate and 1.4 g dextrose). He was given creatine for 6 days in 
a loading phase (86.8 kg X 0.3 g-kg body massed" 1 ), fol

lowed by a 28-day maintenance phase (88.5 kg X 0.03 g-kg 
body mass^-d" 1 ). The subject consumed the supplement in 4 
equal doses throughout the day, according to the manufactur 
er's directions. He continued training during supplementation. 
After 34 days of supplementation, the subject was withdrawn 
from supplementation for 21 days. Muscle biopsies were col 
lected, and anterior compartment pressure was measured at 
rest and after exercise before supplementation, after comple 
tion of 6 and 34 days of supplementation, and after 7 and 21 
days without dietary creatine supplementation.

CLINICAL COURSE

The subject's body mass increased from baseline by 1.7 kg 
at 6 days and remained elevated from baseline by 1.8 kg at 
34 days of supplementation. Body mass decreased by 0.4 kg 
after 7 days without supplementation and by 0.7 kg after 21 
days without supplementation. As expected, the dietary sup 
plement protocol used in this study was successful in increas 
ing the intramuscular levels of creatine, phosphocreatine, and 
total creatine relative to presupplementation levels (Table 1). 
Compared with presupplementation levels, phosphocreatine 
levels increased by 7.9% at 6 days and by 19.1% at 34 days. 
Creatine concentration increased by 13.0% at 6 days and 
15.7% at 34 days, while total creatine increased by 9.8% at 6 
days and 17.9% at 34 days. No significant changes in muscle 
adenosine triphosphate were observed at any measurement 
time. Phosphocreatine, creatine, and total creatine levels de 
creased slightly after 7 days without supplementation. The 
subject did not provide a muscle biopsy sample at the 21-day 
measurement time.

Compared with presupplementation measurements, creatine 
supplementation increased compartment pressure at rest, with 
markedly steeper increases in response to exercise (Table 2). 
Large increases in anterior compartment pressure were ob 
served after both 6 and 34 days of dietary supplementation. 
Compared with presupplementation measurements, increases 
were observed at rest and at 1, 5, 10, and 15 minutes post- 
exercise. For example, compared with presupplementation 
pressure, the resting compartment pressure was increased to 
31 mm Hg after 6 days and 35 mm Hg after 34 days of sup 
plementation. After 6 days of supplementation, the subject's 
1-minute postexercise pressure was 67 mm Hg, and after 34 
days, the subject's pressure was 109 mm Hg. The pressures at 
5, 10, and 15 minutes postexercise at 6 and 34 days of sup 
plementation were markedly elevated compared with presup 
plementation pressures.

After 7 days without supplementation, resting anterior com 
partment pressure decreased to 26 mm Hg from the 35 mm 
Hg recorded at 34 days (Table 2). At 1 minute postexercise, 
the pressure was still elevated at 112 mm Hg. For the remain-

Table 2. Anterior Compartment Pressure (mm Hg) Before, During, and After Creatine Supplementation

Creatine Supplementation

Before supplementation
6 d supplementation
34 d supplementation
7 d after supplementation
21 d after supplementation

Before
Exercise

15
31
35
26
24

1 Min After
Exercise

22
67

109
112

64

Time

5 Min After
Exercise

16
35
90
58
42

10 Min After
Exercise

16
28
87
40
27

15 Min After
Exercise

15
26
69
30
27
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der of the postexercise measurement period, anterior compart 
ment pressures were lower than those measured after 34 days 
of supplementation but still much higher than presupplemen- 
tation pressures.

Anterior compartment pressure continued to decrease after 
21 days without supplementation (Table 2). For example, rest 
ing pressure decreased to 24 mm Hg, while 1-minute postex 
ercise pressure decreased to 64 mm Hg. Similar responses 
were observed in the 5-, 10-, and 15-minute pressure mea 
surements.

DISCUSSION

Creatine dietary supplementation has been promoted as a 
beneficial ergogenic aid for athletes participating in certain 
athletic events. Creatine supplementation is thought to im 
prove athletic performance by increasing intramuscular con 
centrations of creatine and phosphocreatine. The subject ex 
amined in our study had greater muscle phosphocreatine, 
creatine, and total creatine content after creatine supplemen 
tation compared with presupplementation content (Table 1). 
These data are similar to those reported by Harris et al, 5 who 
observed a 20% increase in phosphocreatine in subjects sup 
plemented with 5 g of creatine 4 to 6 times per day for 1 
week. Similarly, Hultman et al6 demonstrated that taking 20 g 
of creatine per day for 6 days acutely elevated the total crea 
tine content of muscle, and ingestion of 2 g of creatine per 
day for 30 days maintained the elevated total creatine concen 
tration.

A decrease in fluid excretion has been observed during the 
early phases of creatine supplementation. 6 A sodium-depen 
dent process that actively transports creatine across the cell 
membrane has been documented and may be a factor in the 
observed changes in fluid homeostasis.7 ' 8 This mechanism al 
lows for the uptake of 1 creatine molecule with 2 sodium 
molecules. Several researchers9" 11 have reported increases in 
body mass of 0.9 to 3.8 kg during the early phases of creatine 
supplementation and have suggested that the transport process 
is partly responsible for the increase in body mass.

Creatine uptake may contribute to the increased water trans 
ferred into the muscle fiber during supplementation, and as a 
result, stimulate a swelling of the muscle fiber. l l Additionally, 
the synthesis of new protein throughout the body after the later 
phase of supplementation may contribute to an increase in 
muscle fiber size. 12 Because of the rigidity of the anterior com 
partment of the lower leg, an increase in water content or de 
novo protein synthesis in the muscle fiber will likely result in 
higher anterior compartment pressures at rest and after exer 
cise.

Three factors should be considered when determining the 
presence of abnormally high tissue pressures in the anterior 
compartment of the lower leg. These factors include but are 
not limited to the geometric dimensions of the interstitial spac 
es, the physical characteristics of the surrounding tissues, and 
the total amount of fluid in the cell and the interstitial spaces. 13 
A normal increase of 20% in tissue volume of the lower leg 
compartment during exercise has been documented. 14 This av 
erage increase in volume is due in part to increases in regional 
blood volume and transcapillary filtration of intravascular flu 
id. 14" 16 If the compartment is unable to accommodate this ex 
ercise-induced increase in fluid volume, pressure rises within 
the osteofascial space. 17 Any change in muscle fiber size as a 
result of creatine supplementation might further limit the space

available for normal increases in anterior compartment pres 
sure. As a result of this space restriction, fluid within the elas 
tic compartment may begin to shift from the vascular bed of 
the capillaries into the interstitial spaces. Capillary blood flow 
may be limited by the increased pressures surrounding the ves 
sel, thus leading to ischemia. This effect would be followed 
by a resultant decrease in microcirculation, 18 limiting function 
of the arterial and venous systems and further compromising 
nutrient blood flow, tissue oxygenation, and neuromuscular 
function and eventually leading to muscle necrosis. 19

Measuring compartment pressures after the specific sport 
activity responsible for the increased pressure is the optimal 
method for identifying exercise-induced compartment syn 
drome. Pedowitz et al2 published criteria based on intramus 
cular anterior compartment pressures recorded with a slit cath 
eter before and after exercise in 210 muscle compartments 
without chronic compartment syndrome. They recommended 
the following diagnostic criteria for abnormally elevated com- 
partmental pressures: (1) a pre-exercise pressure of 15 mm Hg 
or greater; (2) a 1 -minute postexercise pressure of 30 mm Hg 
or greater; or (3) a 5-minute postexercise pressure of 20 mm 
Hg or greater.2 After creatine supplementation, not only were 
the pressures that we observed higher at rest, but the pressures 
were substantially increased after exercise. The pressure re 
sponses were extremely elevated during the postexercise pe 
riod after 6 and 34 days of supplementation. The resting and 
postexercise pressures were abnormally elevated after 6 days 
of supplementation and remained so after 34 days of supple 
mentation. In each instance, the elevated pressures were ob 
served in combination with a prolongation of the duration re 
quired for the pressures to return to pre-exercise levels. 
Clinically, the magnitude and duration of the compartment 
pressure are critical; if these abnormal pressures remain high, 
irreversible tissue damage results, particularly damage of the 
peroneal nerve. After 7 and 21 days without supplementation, 
the anterior compartment pressure was reduced compared with 
the pressure measured after 34 days of supplementation. It is 
attractive to speculate that the reduction in pressure resulted 
from a decrease in intramuscular creatine supplementation and 
a possible loss of muscle fiber size. A decrease in intramus 
cular phosphocreatine and creatine levels after the withdrawal 
of creatine supplementation has been reported. 6 Intramuscular 
phosphocreatine and creatine levels decreased slightly after 7 
days without supplementation. It is unfortunate that we were 
unable to obtain a 21-day, no-supplementation biopsy to eval 
uate the changes in phosphocreatine and creatine levels. This 
biopsy may have provided more insight into the relationship 
between changes in the intramuscular metabolites and anterior 
compartment pressure. Future studies should focus on the re 
lationship between changes in anterior compartment pressure 
and creatine supplementation.

Individuals suffering from increased compartment pressures 
are expected to complain of lower extremity aching, cramping, 
or burning pain and sometimes tightness over the affected 
compartment. 17 Symptoms resembling these complaints were 
noted by the subject after 6 and 34 days of supplementation. 
Subjective complaints of tightness and pain in the region of 
the anterior compartment during exercise were noted and con 
tinued for approximately 15 to 20 minutes after exercise end 
ed. Consequently, despite the positive performance benefits 
that may result from creatine supplementation, the risk of ab 
normally elevating the pressures of the anterior compartment 
may contraindicate supplementation in some individuals.
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It is important that medical personnel be aware of this side 
effect associated with creatine supplementation. Knowledge of 
this adverse effect is important in diagnosing those individuals 
more susceptible to lower leg injury and should enable the 
identification of potentially preventable adverse medical con 
ditions. Stretching, cross-training, slow exercise progression, 
and avoiding ballistic movements may minimize the exacer 
bation of present symptoms, and modification of training pro 
grams should decrease the possible occurrence of debilitating 
conditions. Additional study of the effects of creatine supple 
mentation on muscle blood flow, muscle function, and nerve 
conduction in the anterior compartment of the lower leg should 
be performed.
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