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

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

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

* U.S. Pat # 4,084,584
For additional information on these and other quality PRO products, call

1-800-523-5611

Our service personnel will be happy to send you a new
catalog and ordering information.
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FOR ANY LINE OF WORK
The comprehensive occupational healthcare line from
Whitehall-Robins Healthcare

Quality healthcare products specially packaged for easy dispensing in the workplace
ADKIL®OTC ibuprofen, 200 mg tablets.
ADUIL COLD ft SINUS 200mg ibuprofen/30mg
pseudoephedrine HCI coated caplets
(No Drowsiness).
ANACIN coated, aspirin-based analgesic tablets.

ANBESOL@ GEL oral anesthetic/antiseptic for fast relief
of minor mouth pain.
AXID AH acid reducer (nizatidine tablets, 75 mg).
Prevents: heartburn, acid indigestion, and sour stomach.

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

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

To order Whitehall-Robins Healthcare products for your workplace: call 1-800-446-9824,
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

©1997 Whitehall-Robins Healthcare, Madison, N.J.
WHR-6915
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Foundation

Committed to optimizing function
and improving medical outcomes

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

Introducing AIM™ soFtware - the new

built-in

and improved Athletic Injury Management

injury reports and

solution From Cramer.

there's a report we didn't think of, just Follow

If you skipped Bookkeeping 101 and Beancounting

the step-by-step instructions to design it your-

222, listen up. Cramer has a new injury-tracking

selF. So dig out From under that pile oF paper

software package that actually does the paperwork

work with AIM soFtware.

for you.

AIM

software automates

forms you

including

rosters,

daily treatment logs.

If

And use the extra time

most common
_______

injury management tasks, so you can complete your
record keeping in record time. You'll Find all the

need

\

^^^L

to help your athletes
\

..„_.

come out on top.

Now available For Windows® and Macintosh®!
AIM™ Plus includes inventory lists, insurance and medical records.
System requirements: Macintosh with 8 MB RAM and OS 7.5 or newer.
PC with Windows '95 or '98
AIM is a trademark of Cramer Products, Inc. Windows is a registered trademark of Microsoft Corp.
Macintosh is a registered trademark of Apple Computer, Inc. ©2000, Cramer Products, Inc.

SPORTSMEDICINE SOLUTIONS_______
1-800-255-6621
www.cramersportsmed.com

Areyou
counting
solely on
your
employer's
malpractice
program?

What are Inadequate coverage provided by your employer can leave unexpected
'

the limits of
liability provided
for you by your
employer?

expenses for you to pay. If you are named in a malpractice lawsuit and
your legal costs and settlement or judgment exceed your employer
coverage limits, you may need to make up the difference. Coverage
through HPSO can help you avoid a financial crisis by providing your
own personal limits of coverage in line with today's defense costs and
high court awards. If multiple parties are named as defendants, as is
often the case today, shared limits may not adequately cover you.
HPSO provides full limits for you alone.

Are you
covered for
off-duty
incidents?

Most employer provided coverage protects you only on the job. If you
are involved in providing emergency care after hours, volunteer
activities, or helping a friend or neighbor, odds are, your employer plan
will not provide coverage for you. HPSO coverage protects you 24
hours a day — when you are on the job, off-duty, even when you
change jobs.

As an Athletic Trainer, HPSO offers you up to $5,000,000 annual aggregate,
up to $1,000,000 per covered occurrence protection along with:
>• License Protection
>• Assault Coverage
>• Deposition Fees and Expense Coverage

HHPSO

>• Defendant Expense Benefit
>- Personal Liability Protection
>- Special Discounts

>- Plus protection for "moonlighting activities" at no extra cost

Healthcare Providers Service Organization"

All this protection for only $175/year. for employed Athletic Trainers.
Don't find yourself with less coverage than you expect, just when you need it most. Complete and mail the application below.
For more coverage information, please call us at 1-800-982-9491.
Healthcare Providers Service Organization is a division of Affinity Insurance Services, Inc.; in NY and NH, A1S Affinity Insurance Agency; in MN and OK, AIS Affinity Insurance Agency, Inc.; and in CA,
Aon Insurance Services. In FL, we are not an unaffiliated or independent not-for-profit entity. Affinity Insurance Services, Inc. is the program administrator for the insurer underwriting the policy.
This program is underwritten by American Casualty Company of Reading, PA, a CNA company. CNA is in the process of seeking necessary regulatory approvals which will enable them to offer the
enhanced coverages described in this ad al this premium rate. If your state has approved the filing by the time your application is processed, your policy will be issued with the rates and coverages
described in this ad. 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 in the United States. Coverages, rates and limits differ in some states. This material is for illustrative purposes only and is not a contract. Only the policy
can provide the actual description of services, terms, conditions and exclusions. CNA is a registered service mark and trade name of CNA Financial Corporation/CNA Plaza/Chicago, IL 60685.
JA300
© 2000 Affinity Insurance Services, Inc.
www.hpso.com

For All the Commitments You Make*

Mail to: HPSO • 159 East County Line Road * Hatboro, PA 19040-1218

LJ YES! I want Athletic Trainers Professional Liability Insurance with
limits of up to $5,000,000 annual aggregate, up to
$1,000,000 per occurrence. (09)
Name________________________________
Address ______________________________
City ______________ State _____ Zip _______
Date of Birth _ /_

_ Tel.#(

1.1 am : H Full-Time
n Part-Time
Does not exceed 20 hours per week?..........
2. Indicate class of coverage below:
Athletic Trainer/Employed
Athletic Trainer/Self-Employed
1 Student Name of school

Yes D No
Full-Time

Part-Time

D $525*

D$100
D$100

a $175

Student

D$20

DN/A

Graduation Date

(If you are incorporated or self-employed with employees, please call 1 -888-288-3534.)
*Self-employed Personal Jrainers are not eligible for coverage under this program.

D Enclosed is my check (Payable to HPSO).
D Bill me
D Charge my credit card. D Visa HI MasterCard D Discover

HHPSO
APE-A2CAAX3A

3. Social Security # ________ - ________ - ________
4. Requested Effective Date of Coverage: ____ /____ /____
(Must be within 60 days following the application date.)

3. Have you ever had professional liability insurance which was declined,
canceled or non-renewed? (Not applicable for MO residents.).................... D Yes D No
6. Has any malpractice claim or suit ever been brought against you?...... D Yes D No
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 have 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:

D Homeowner's policy, tU Condominium owner's policy,
D Tenant homeowner's policy, D None of the above

Insurance Agent: Nicholas C. Kihm Florida License #203261003

Credit Card #

Exp. Date

I have answered these questions to the best of my knowledge. I have not withheld information that would influence the judgment of the Insurance Company. My signing of this 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 fact 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 underwritten by American Casualty Company of Reading, PA, a CNA company. Availability of this program is subject to each state's approval. Program is only available within the United States. Coverages, rates and limits may
differ in some slates. CNA is a registered service mark and trade name of CNA Financial Corporation.

Questions? Call 1-800-982-9491 • Fax 1-800-739-8818
G-l 21510-B (6/98)
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FOOT MANAGEMENT, INC

7201 Friendship Rd, P.O. Box 100, Pittsville MD 21850
1-800-HOT-FOOT / fax 410-835-3494

Moleskin
Adhesive
Adhesive Foam
Turf Toe Straps
Turf Toe Insoles
Felt and Foam Rolls
Plantar Fascia Straps
Shocker® Ultra
Insoles
kinky Di
Custom Cut Foot Pads
Today
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I
NATA

Research & Education Foundation
Requests For Proposals
HP
J. he NATA Research and Education Foundation currently has the
following four (4) active Requests for Proposals. Detailed infor
mation regarding each RFP, as well as the application process, may
be found at the NATA Foundation web site at www.natafoundation.org.
1. General Grants Program for 2000
2. Epidemiological Study for Pediatric Sports Healthcare
3. National High School Injury Surveillance Study Data
4. Athletic Training Outcomes Assessment Data

For additional information:
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CEU Quiz
The CEU quiz for the March 2000 issue
(Volume 35, Number 1) of the
Journal of Athletic Training will be located
in the April 2000 NATA News.

23*° Annual Student Writing Contest
Entries must be received at the following address by March 1, 2001
NATA Student Writing Contest
Deloss Brubaker, EdD, ATC
Life College
1269 Barclay Circle
Marietta, GA 30060
For a detailed description of the contest rules, please refer to the
September 1999 issue of the Journal ofAthletic Training.

Once Certified, Always Competent?
Glint Thompson, MA, ATC
Associate Editor
Our NATA forefathers solidified the fact that athletic training isn't just what we do; it is what we are, a way of life. It's a
professional lifestyle that allows us to take pride in knowing that we are the best at what we are and what we do. As such, we
have an obligation to maintain that professional posture in every facet of our professional life.
Every hour, day, week, month, and year produces conceptual and technologic advancements in both the tools we use and the
methods with which we use those tools. The sports medicine literature abounds with information on new modalities, revamped
rehabilitation techniques, new ways to deal with the psyche of an injured athlete, the threat of second-impact syndrome,
dangerous dietary supplements, etc. The athletic trainer who has been certified for 5 to 10 years should be at least as up to date
as the May graduate who will take the certification examination this April.
Professional continuing education is a vital component to ensuring clinical competence and preventing professional
obsolescence. 1 " 4 A recent conference for competency assurance put forth a recommendation that states "should require that their
regulated health care practitioners demonstrate their competence in the knowledge, judgement, technical skills, and interpersonal
skills relevant to their jobs throughout their careers."5 The path to continued individual competency, whether through acquiring
new knowledge or honing previous skills, is supported by the NATA's requiring 80 Continuing Education Units (CEUs) every
3 years, a process monitored by the NATA Board of Certification. These CEUs can be obtained by attending or participating in
national, regional, or state seminars and workshops; through publishing activities; through home study quizzes; through CEU
quizzes on JAT articles; and through collegiate postcertification education. But mandatory continuing education does not ensure
competence in some allied medical professions. 1
Regardless of how long ago you were certified, ask yourself this introspective question, "Since becoming an ATC, have I
actively improved on, or retained, the knowledge and skills I possessed when I passed the exam?" The answer to that question,
if one is being honest, may gradually metamorphose from a resounding "yes" into a softly uttered "no," as the event of taking
"the exam" recedes into history. Carpenito6 indicated that, within 2 years, half the professional knowledge gained through formal
education will have waned.
Some medical professions (eg, EMT and PA) require periodic professional reexamination. ATCs, PTs, and OTs ensure
retention of previously learned knowledge and skills or require minimal updating of new knowledge and skills through CEUs,
either at the state or national level. Measured continuing education is often based on attendance or satisfaction, but attendance
and satisfaction may not measure learning achievement. 6
How many ATCs sincerely pursue the quest for new knowledge through continuing education? That is a pertinent but
unanswerable question. We are all familiar with that segment of the NATA membership that, for whatever reason, chooses not
to take seriously the purpose and need for furthering knowledge through continuing education. Those ATCs are, at the least,
tempting fate by allowing themselves to become less-than-competent practitioners of athletic training. Our own Role Delineation
Study7 is designed, in part, "to protect the public from an incompetent practitioner." In a recent mock sports litigation trial, the
plaintiff's counsel pointed out that it is the responsibility of the individual ATC to obtain CEUs, but, unfortunately, there is no
way to prove that knowledge is gained by the acquisition of any CEU, because ATC reexamination occurs only when the original
certification has lapsed. 8
Rhetorically speaking, after the initial certification procedure, how does one prove that knowledge has been either retained or
gained? Given the present job diversification within the NATA, the attempt to update the knowledge of clinical, academic,
industrial, and traditional ATCs may be served by, for example, recertifying ATCs according to their specific setting at 5-year
intervals, beginning with the class of 2004. All ATCs certified before 2004 could be exempted from recertification as long as
they meet the prevailing CEU requirement.
What would be the vehicle of recertification when an ATC has not retained certification? Will there be a grace period whereby
the ATC is allowed a specified time to meet the requirements before being decertified? These are 2 of the many valid questions
raised by this concept. The differences between state practice acts and licensure and registration will prove a major cause of
concern of standardization when it comes to nationally applying any new rules dealing with NATA certification, decertification,
and recertification. Of course, the collective minds of many must be tapped to broadly debate such a proposal.
In theory, recertification would affect all ATCs in a positive way, including those lacking self-motivated learning attitudes.
But, all in all, the encouragement to further postcertification knowledge in athletic training can be viewed as a means of providing
public accountability and remaining abreast of advancing technology. In the present quest to raise the athletic training profession
to a higher level, why not consider the concept of periodic reexaminations?
Journal of Athletic Training
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Effects of Mild Head Injury on Postural
Stability as Measured Through Clinical
Balance Testing
Bryan L. Riemann, MA, ATC; Kevin M. Guskiewicz, PhD, ATC
Sports Medicine Research Laboratory, University of North Carolina at Chapel Hill, Chapel Hill, NC
Objective: Although force-platform measures of postural
stability provide objective information concerning mild head
injury (MHI) resolution, their application has remained limited
due to the high costs and impracticality for sideline use.
Therefore, we investigated the efficacy of a clinical balance
testing procedure for the detection of acute postural stability
disruptions after MHI.
Design and Setting. We used a posttest control group
design with repeated measures. Postural stability was tested at
3 postinjury time intervals (days 1 , 3, and 5) using 2 procedures
in a sports medicine laboratory: 1) a clinical balance battery
consisting of 3 stances (double leg, single leg, and tandem) on
2 surfaces (firm and foam), and 2) the Sensory Organization
Test using a sophisticated force-platform system.
Subjects: Sixteen MHI and 16 matched control subjects
participated in this study.

M

ild head injury (MHI) represents one of the most
challenging pathologies facing sports medicine per
sonnel. The complexity of the brain and the few
objective signs often manifested at the time of injury contribute
to the difficulty surrounding MHI assessment. In the absence
of loss of consciousness, sports medicine personnel are left to
depend upon subjective symptoms reported by the athlete.
Return-to-play decisions in these circumstances are often based
on speculation rather than certainty. The potential result of
prematurely returning an athlete to competition after MHI can
be catastrophic; the incidence and danger of second-impact
syndrome are well documented in the literature. ! ~5 Of less
concern, but still worthy of consideration, is the possible risk of
predisposition to other injuries during activities that alter
sensory input to 1 or more sensory systems. 6 Thus, the need for
development of objective measures that can be used during
both sideline and clinical assessments is substantial.
Postural control has been proved to be an objective measure
in the evaluation of acute MHI. 6 " 8 Guskiewicz et al7 demon
strated increases in postural sway in athletes with MHI using a
modified Clinical Test of Sensory Interaction and Balance
protocol. The decreases in postural stability persisted for up to
3 days after injury in comparison with control subjects and
were most evident when the subjects were standing either on a
foam or a moving (tilting) surface. In a similar manner,
Address correspondence to Bryan L. Riemann, MA, ATC, Sports
Medicine Research Laboratory, Fetzer CB #8700, University of North
Carolina at Chapel Hill, Chapel Hill, NC 27599-8700.

Measurements: We measured performance with the Bal
ance Error Scoring System for each of the clinical balance tests
and the NeuroCom Smart Balance Master for Sensory Organi
zation Testing.
Results: We found significantly higher postural instability in
the MHI subjects revealed through the clinical test battery, with
the 3 stances on the foam surface eliciting significant differ
ences through day 3 postinjury. Results of the Sensory Orga
nization Test revealed significant group differences on day 1
postinjury.
Conclusions: Our results revealed that the Balance Error
Scoring System may be a useful clinical procedure to assist
clinicians in making return-to-play decisions in athletes with
MHI in the absence of force-platform equipment.
Key Words: concussion, postural equilibrium, postural
control

decreases in postural stability have been reported for up to 3
days postinjury using the Sensory Organization Test (SOT) on
the NeuroCom Smart Balance Master (NeuroCom Interna
tional, Inc, Clackamas, OR). 6'8 Again, differences between
MHI and control subjects became most evident when visual
and support surface conditions were altered. MHI subjects
demonstrated increased postural instability under altered envi
ronmental conditions, suggesting that MHI causes a transient
sensory interaction problem.
Both the modified Clinical Test of Sensory Interaction and
Balance and the SOT used in the above studies require
sophisticated force-plate systems that provide a means to
challenge several of the sensory modalities involved in balance
by altering visual and support surface conditions. Neither of
these force-plate systems is readily available to clinicians
making MHI assessments.
The Balance Error Scoring System (BESS) was developed
as a method of evaluating postural stability without the use of
complex or expensive equipment. 9 Significant correlations
between the BESS and force-platform sway measures using
normal subjects have been established for 5 static balance tests
(single-leg stance on a firm surface, tandem stance on a firm
surface, double-leg stance on a foam surface, single-leg stance
on a foam surface, and tandem stance on a foam surface), with
intertester reliability coefficients ranging from 0.78 to 0.96.9
The purpose of our study was to investigate several potential
objective balance tests that could be conducted in the athletic
arena to assist in the assessment of MHI without the use of
computerized force-platform equipment. Specifically, we cornJournal of Athletic Training
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pared balance performance in MHI and control subjects using
a battery of clinical balance tests to try to identify the test
variations that would best elicit postural unsteadiness after
MHI. Additionally, we administered the SOT to determine
whether the results of the clinical balance tests paralleled the
results obtained with the force-plate system. We hypothesized
that the single-leg and tandem stances on the foam surface,
coupled with the increased measurement sensitivity afforded
by the BESS, would best elicit postural unsteadiness after
MHI. Further, we hypothesized that the results obtained in
these 2 clinical tests would parallel those of the SOT.
METHODS

Subjects
Sixteen athletes (15 men, 1 woman: age = 19.2 ± 2.3 years,
height = 183.1 ± 10.0 cm, weight = 84.3 ± 18.6 kg) who
sustained an MHI either during practice or competition were
assessed on days 1, 3, 5, and 10 postinjury. Cervical spine
pathology in all subjects had been ruled out by attending
certified athletic trainers or team physicians, or both, before
each subject entered the study. MHI was defined according to
the 4 criteria provided by Rimel et al, 10 which includes a
Glascow coma scale score greater than 12, fewer than 20
minutes of unconsciousness, hospitalization for fewer than 48
hours, and negative findings on neuroimaging. This definition
encompasses grade I and II concussions according to the
Cantu scale." Additionally, 16 matched control subjects (15
men, 1 woman: age = 22.5 ± 2.3 years, height = 183.1 ± 9.0
cm, weight = 88.7 ± 17.5 kg) were recruited from the
intramural sports program and assessed according to the same

schedule. Control subjects were matched on the basis of sex,
age, height, and weight. No subjects in either group had
sustained either a musculoskeletal injury that could have
affected their ability to balance or a head injury within the
previous year. We screened all subjects for pre-existing visual,
vestibular, and balance disorders by asking about any previ
ously diagnosed conditions. Each subject signed an informed
consent form approved by the institutional review board at the
University of North Carolina at Chapel Hill after being advised
of the purposes and methods of the study.
Procedures
At each testing session, we evaluated subjects with both a
clinical test battery and the SOT using the NeuroCom Smart
Balance. The order of testing was randomized between sub
jects and testing sessions postinjury. In addition to the postural
stability testing, subjects were questioned at each testing
session from a standard list about the presence of signs and
symptoms commonly associated with MHI.
Clinical test battery. Three different stances (double, sin
gle, and tandem) were tested twice, once on a firm surface and
once on a 10-cm-thick piece of medium-density foam (45 cm2
X 13 cm thick, density = 60 kg/m3 , load deflection = 80 to
90) for a total of 6 trials. The nondominant leg was used as the
stance limb during the single-leg trials and was placed in the
rear position during the tandem stances. Leg dominance was
defined as the preferred leg to use while kicking a ball. The
order of the clinical tests was randomized between subjects and
session, with each test lasting 20 seconds. After each subject,
the foam was rotated 90° to prevent it from wearing unevenly
over many trials. We asked subjects to assume the required

Figure 1. Subjects performed each clinical test with their eyes closed and hands on their iliac crest. A, Double-leg stance; B, single-leg
stance; C, tandem stance on the firm surface.
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Figure 2. A, Double-leg stance; B, single-leg stance; C, tandem stance on the foam surface.
Table 1. Balance Error Scoring System*
Errors
Lifting hands off the iliac crests
Opening the eyes
Stepping, stumbling, or falling
Moving the hip into more than 30° of flexion or abduction
Lifting the forefoot or heel
Remaining out of the testing position for more than 5 s
*The BESS score is calculated by adding 1 error point for each error.

stance by placing their hands on their iliac crests and told them
that the test would begin when they closed their eyes. During
the single-leg stances, subjects were asked to maintain the
contralateral limb in 20° of hip flexion and 40° of knee flexion.
Additionally, we asked subjects to stand quietly and as mo
tionless as possible in the stance position, keeping their hands
on their iliac crests and their eyes closed (Figures 1 and 2).
Subjects were told that upon losing their balance, they were to
make any necessary adjustments and return to the testing
position as quickly as possible. Performance was scored by
adding 1 error point for each error committed (Table 1). Trials
were considered incomplete if subjects could not sustain the
stance position for longer than 5 seconds, and these trials were
assigned standard maximum scores. 9 This method of testing
has been previously described in detail and has been shown to
be both valid and reliable using normal subjects. 9
Sensory Organization Test. The SOT is designed to sys
tematically disrupt the sensory selection process by altering the
orientation information available to the somatosensory or
visual inputs (or both) while measuring a subject's ability to
maintain equilibrium (Figure 3). The test protocol consists of 3
20-second trials under 3 different visual conditions (eyes open,

eyes closed, sway referenced) and 2 different support surface
conditions (stable, sway referenced). This testing series in
volves 18 trials overall. The term "sway referencing" refers to
the tilting of the support surface or visual surround, or both, to
directly follow the subject's center of gravity such that the
orientation of the surface remains constant in relation to the
center of gravity angle. By using this technique, the somato
sensory or visual systems (or both) perceive that the subject's
orientation to gravity is constant when in fact it is changing,
requiring the subject to ignore the inaccurate information from
the sway-referenced sense(s). The composite equilibrium score
describing a person's overall level of performance during all
the trials in the SOT is calculated, with higher scores being
indicative of better balance performance. A full description of
the administration and interpretation of the SOT, including the
calculation of the equilibrium score, has been published. 12
Validity of the SOT is supported by studies demonstrating
correlations between balance impairments as measured by the
SOT and other testing and survey instruments in patients with
MHI, stroke, and balance or dizziness disorders. 6' 13" 15 Of
particular interest is the fact that the SOT has been reported to
distinguish with high reliability among normal individuals,
individuals with known vestibular pathology, and individuals
suspected of exaggerating symptoms. 16' 17
Data Analysis
We analyzed error scores from the clinical test battery using
a repeated-measures analysis of variance (ANOVA) with
group as a between-subject factor and day, stance, and surface
as within-subject factors. Additionally, we conducted a repeat
ed-measures ANOVA with group as a between-subject factor
and day as a within-subject factor on the SOT composite scores
to determine group differences. Statistical significance of P <
Journal of Athletic Training
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Table 2. Subjects Experiencing Signs and Symptoms After MHI
(n = 16)
Day of
Injury
Loss of consciousness
Disorientation
Anterograde amnesia
Retrograde amnesia
Neck pain
Headache
Blurry vision
Photophobia
Dizziness/disequilibrium
Fatigue
Sleepiness
Nausea/vomiting
Tinnitus

2
6
4
2
10
15
5
4
7
4
5
3
2

Day 1
Postinjury

2
1
7
14
2
2
3
5
2
1

Day 3
Postinjury

4
5

2

control subjects on day 1 postinjury on the firm surface (Figure
4) and on days 1 and 3 postinjury on the foam surface
(Figure 5). Additionally, the multiple paired t tests revealed
significant differences between groups for double-leg
(tls = -3.10, P = .01), single-leg (r15 = -3.11, P = .01), and
tandem stances (r15 = —4.01, P = .00) on a foam surface
(Figure 6). The repeated-measures ANOVA we conducted on
the SOT composite scores revealed a significant group X day
interaction (F260 = 3.70, P = .03), as well as significant main
effects for group (F li30 = 7.05, P - .01) and day (F260 =
22.88, P = .00). Tukey post hoc analysis (Tukey HSD = 5.28)
revealed that MHI subjects demonstrated increased postural
instability as measured by the SOT composite equilibrium
score on day 1 postinjury when compared with the control
group and their own day 3 postinjury scores (Figure 7).
Figure 3. The NeuroCom Smart Balance Master allows for sensory
organization testing using a dual force-plate system. Both the
support surface and visual surround tilt (sway referencing) to alter
sensory conditions.

.05 was set a priori for the ANOVA analyses. Multiple paired
t tests were performed on day 1 scores to identify the tests most
sensitive to postural instability after MHI. To avoid the
problem associated with inflated error rates from the multiple
tests, we considered results significant only at the .01 level.
This level was obtained by dividing .05 by the number of tests,
according to the Bonferroni method. 18
RESULTS

Of the 16 subjects with MHI, 9 had lingering symptoms
lasting up to 3 days postinjury, and only 2 subjects complained
of symptoms lasting up to 5 days postinjury (Table 2).
Repeated-measures ANOVA on the error scores for each test
and surface (Tables 3 and 4) revealed the following significant
interactions: group X day X surface (F2,60 = 3.73, P = .03),
group X day X stance (F4 P0 = 3.76, P = .01), group X
surface (F, 30 = 9.69, P = .00), and group X day (F2 60 = 8.92,
P = .00). Main effects for group (F, 30 = 6.01, P = .02), day
(F260 = 4.85, P = .01), surface (F K30'= 141.62, P = .00), and
stance (F260 = 121.46, P — .00) were also significant. Tukey
post hoc analysis of the group X day X surface interaction
(Tukey honestly significant difference [HSD] = 1.55) demon
strated higher error scores by MHI subjects in comparison with
22
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DISCUSSION

Under normal circumstances, a person balances by integrat
ing sensory information from the visual, vestibular, and somatosensory systems. This information is used to select appro
priate motor responses for the maintenance of postural
equilibrium. If the information from 1 system is deficient or
altered, the information from the other systems should com
pensate and allow the individual to remain in static postural
equilibrium. Athletes sustaining MHI have been reported to
exhibit sensory interaction problems, whereby they are unable
to ignore altered sensory information, resulting in the selection
of improper motor responses for up to 3 days postinjury. 6 " 8
Thus, information concerning MHI may be best obtained
through postural control assessments under altered somatosensory and visual sensory conditions.
The most significant finding in our investigation was the
identification of a clinical balance testing battery sensitive to
acute postural stability disruptions after MHI. Significant
group differences on day 1 postinjury were revealed using the
BESS with the single-leg, double-leg, and tandem stances on a
foam surface. The results of the SOT composite scores paral
leled the results revealed with the clinical balance tests and are
similar to those noted in our previous investigation. 6
The resolution of signs and symptoms recorded across the 3
postinjury testing sessions appears to coincide with the postural
stability recoveries demonstrated by the MHI subjects (Table
2; Figures 4, 5, and 7). Signs and symptoms are suspected by
clinicians to be underreported in many situations. Assuming

Table 3. Error Scores (Mean ± SD) by Day Postinjury for Test and Surface
Day 1
Stance/Surface
Double/firm
Single/firm
Tandem/firm
Double/foam
Single/foam
Tandem/foam

MHI
.1
2.6
1.5
.6
7.8
4.6

±
±
±
±
±
±

Day 3
Control

.3
1.9
1.8
.8
3.8
2.6

0
1.9
.4
0
4.3
1.7

±
±
±
±
±
±

MHI

0
1.5
.5
0
1.5
1.6

0
1.9
.8
.2
5.2
3.7

±
±
±
±
±
±

Day 5
Control

0
1.5
1.3
.5
2.6
2.9

0
1.9
.5
.1
4.5
1.6

±
±
±
±
±
±

MHI

0
1.7
.9
.3
3.1
1.5

0
2.5
.6
.3
5.3
2.6

±
±
±
±
±
±

Control

0
2.5
1.0
.7
2.7
2.0

0
1.8
.8
.1
4.4
2.4

±
±
±
±
±
±

0
2.0
1.1
.3
1.2
1.4

Table 4. Total Error Scores (Mean ± SD) by Day Postinjury and Surface
Day 1

Day 3

Day 5

Surface

MHI

Control

MHI

Control

MHI

Control

Firm
Foam

4.3 ± 3.0
13.1 ± 6.6

2.3 ± 1.9
6.1 ± 2.1

2.6 ± 2.4
9.2 ± 5.3

2.4 ± 2.3
6.3 ± 3.4

3.2 ± 3.1
8.2 ± 4.4

2.6 ± 2.9
6.9 ± 2.0

that the subjects were accurate in reporting signs and symp
toms, our results justify consideration of subjective informa
tion in combination with postural stability measures.
Our results failed to reveal significant differences between
MHI and control subjects using the double-leg, single-leg, and
tandem stances on a firm surface. The double-leg balance test,
often referred to as the Romberg test, has been previously
advocated for use in MHI assessment. 19 ~21 A potential reason
for the failure of the tests involving the 3 stances on a firm
surface to elicit postural instability after MHI may be that the
balance task failed to challenge the postural control system of
conditioned athletes. Clinicians should be cautious in relying
on these tests to elicit postural instability during acute MHI
assessments.
From a statistical perspective, post hoc analysis of the
group X day X surface interaction revealed significant differ
ences for both surfaces on day 1 postinjury (Figures 4 and 5).
The differences in postural stability between groups, however,
were more pronounced and clinically relevant for all 3 stances
using the foam surface on day 1 postinjury. Supporting this
statement are the results of the t tests on the day 1 error scores.
Again, all 3 stances on the foam surface elicited significantly
higher postural instability in the MHI subjects (Figure 6). Our
previous work using an identical test battery and methodology
with normal subjects has suggested that overall balance per
formance is best described from a battery of tests, rather than
1 specific test. 9 Based on those findings and the results of our
current investigation, we recommend clinicians consider using
a battery of tests to assess postural instability rather than
relying solely on any 1 test. Specifically, we recommend using
the 3 stances on a foam surface during MHI assessments.
We attribute the decreased postural stability during the foam
test battery to the sensory interaction and processing problems
previously demonstrated in MHI subjects during the first few
days after injury. 6 " 8 The single-leg and tandem stances, along
with the foam surface, diminish the amount of somatosensory
information available to the postural control system. These
factors, plus the elimination of visual inputs, may present
enough of a challenge to the central sensory integration and
processing mechanisms to elicit deficits resulting from MHI.
Adjunct maneuvers performed during the various stances on
foam may further challenge the postural control system and
help clinicians in their evaluations. Such tasks include finger-

to-nose coordination movements and maintenance of the head
and neck in varying degrees of flexion, extension, or rotation.
Knowing whether improvements in performance over re
peated trials are related to increases in test familiarity or
improvements in an underlying deficiency represents an im
portant aspect of clinical evaluation techniques. Our previous
work with this test battery in normal subjects failed to reveal
performance improvements over repeated exposures, as mea
sured through the BESS during identical between-assessment
intervals. 9 Clinicians using these procedures, therefore, can be
confident that improvements across days 1, 3, and 5 postinjury
represent resolution of the postural instability after MHI.
Further research is needed to determine whether learning
effects occur during shorter between-test time intervals.
Significant group differences with the foam surface were
revealed on both days 1 and 3 postinjury, whereas the SOT
results revealed significant group differences only on day 1
postinjury. This is consistent with other findings,
whereby balance deficits resolve before day 3 postinjury.6'7
We speculate that the discrepancy between the foam surface
and SOT results may be related to several factors. First, the
SOT involves altered sensory conditions while the subject
remains in a double-leg stance, whereas 3 different stances
(single, double, and tandem) constitute the results on the foam
surface. Although both tests, the SOT and the 3 stances on
foam, are focused on assessing postural stability, they may
evaluate different aspects of postural control. This idea is
supported by the lack of significant correlations between SOT
composite scores and performance in the 3 stances on the foam
surface in normal individuals. 22 Additionally, the differences
between the SOT and foam surface results may be related to
the scales of measurement associated with the 2 tests. The
range of composite scores is larger than the error scores,
possibly rendering the latter less sensitive and, therefore, less
likely to be significant.
An ideal evaluation procedure allows clinicians to distin
guish pathologic from normal results based on a current
assessment. We use the evaluation of a suspected anterior
cruciate ligament lesion as an example. As part of the assess
ment, clinicians can compare the laxity of the involved knee
with that of the contralateral knee. In addition, experienced
clinicians often have a "feeling" of normal laxity and endstop
quality they can compare. In the case of MHI, bilateral
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Figure 4. Error score means (±SD) for the 3 stances on the firm
surface for each testing session (day 1 postinjury through day 5
postinjury). Asterisk indicates significant difference from other
group; +, significant difference from day 1 test. Tukey HSD = 1.55,
P < .05.

Figure 6. Error score means (±SD) for the 3 stances on both
surfaces on day 1 postinjury (DL, double-leg stance; SL, single-leg
stance; TD, tandem stance; Fl, firm surface; FO, foam surface). No
errors were committed by the control group for either the DL/FI or
DL/FO tests. One subject in the MHI group committed an error
during the DL/FI test. Asterisk indicates significant difference from
other group.

20

100

16
£12

80

UJ 8

V)

i.70-1

4 -

Q60
D1

D3
Days Postinjury

D5

Figure 5. Error score means (±SD) for the 3 stances on the foam
surface for each testing session (day 1 postinjury through day 5
postinjury). Asterisk indicates significant difference from other
group; +, significant difference from day 1 test. Tukey HSD = 1.55,
P < .05.

comparisons are not possible, and the large variations in signs
and symptoms can make clinical judgments difficult. Thus, the
most effective use of any objective measure available for MHI
assessment involves comparing an individual's postinjury
scores with those recorded at a baseline session. If baseline
scores are not available, clinicians might consider using the
means and standard deviations reported in Table 3 as guides for
comparison in an athletic population.
The challenge to develop objective MHI assessment procedures
has been undertaken by several disciplines, including neurosurgery, neuropsychology, family practice, and pediatrics. 11 ' 19'23"26
We should not rely solely on only 1 assessment approach, such as
postural control or cognition, but should instead consider all
available methods. The pathophysiology of MHI is complex and
can be expected to affect each individual differently. For example,
we have witnessed several athletes who exhibit momentary
unconsciousness, but fail to display postural instability or cogni
tive deficits. Clinicians with retum-to-play decision responsibili
ties should, therefore, remain abreast of MHI-related research and
developments, incorporating all available approaches into their
assessment protocols.
Return-to-play guidelines have been proposed based on loss
of consciousness and symptom resolution. 11 ' 19'24 Although
these guidelines provide for convenient grading systems, their
bases for return-to-play timing are not objective scientific data.
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Figure 7. Composite score means (±SD) on the NeuroCom Smart
Balance Master for each testing session (day 1 postinjury through
day 5 postinjury). Asterisk indicates significant difference from
other group; +, significant difference from day 1 test. Tukey HSD =
5.28, P < .05.

In addition, the underlying basis for return-to-play timing in
the absence of loss of consciousness is symptom resolution.
Many athletes may not understand the seriousness of MHI and
may be inclined to deny the presence of symptoms in hopes of
a more timely return. It is imperative that clinicians use
guidelines for their original purpose, as guides, and make their
final decisions with considerations to loss of consciousness,
resolution of symptoms, and the results of objective testing
procedures.
CONCLUSIONS

The results of our investigation are applicable to all clini
cians with return-to-play decision responsibility. We propose
that a battery of stances (double leg, single leg, and tandem) on
a foam surface in conjunction with the BESS may be useful for
identifying postural instability after MHI in the absence of
sophisticated balance equipment. In addition, these results
suggest an objective procedure that could be used in sideline
evaluations; however, further research is warranted. Relying
solely on postural stability for MHI assessment is not recom
mended. As previously mentioned, MHI is a complex pathol
ogy, and unique individual responses can be expected. Efforts
should be made to consider both subjective symptoms and

other objective measures, such as cognitive testing, before
making return-to-play decisions.
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Effect of Orthotics on Postural Sway
After Fatigue of the Plantar Flexors
and Dorsiflexors
David T. Ochsendorf, MEd, ATC*; Carl G. Mattacola, PhD, ATCt;
Brent L. Arnold, PhD, ATCt
"Virginia Military Institute, Lexington, VA; fCollege of Allied Health Professions, University of Kentucky,
Lexington, KY; tCurry School of Education, University of Virginia, Charlottesville, VA
Objective: To examine the effects of orthotic intervention on
unilateral postural sway after fatigue of the plantar flexor and
dorsiflexor muscle groups.
Design and Setting: Subjects were assigned to both or
thotic and nonorthotic testing conditions in a counterbalanced
order, then assessed for postural sway before and after isokinetic fatiguing contractions of the plantar flexors and dorsiflexors. Postural stability was measured on the motor-dominant
extremity. (Motor dominance was assessed as the foot the
subject used to kick a ball.)
Subjects: Eleven active, healthy male subjects (mean age =
24 ± 2.0 years, wt = 74.5 ± 8.8 kg, ht = 180.3 ± 8.4 cm)
volunteered to participate in the study.
Measurements: Center-of-pressure postural sway was as
sessed via the force platforms of a Chattecx Dynamic Balance
System and transformed via 4 transducers as values indicative
of sway in the anterior-posterior and medial-lateral directions.
The dependent measure was postural sway in centimeters.

A

growing number of studies are focusing on postural
sway as it relates to injury and stability of the ankle
joint."~ 8 This recent focus is due to an increasing
awareness of the importance of proprioception in return to
functional activity after injury, as well as its role in athletic
performance, 9 " 13 and interest in pathologic postural sway as a
predisposing factor to ankle injury. 8
The ability to maintain the body's center of mass with
minimal deviation requires the coordinated activation of joint,
muscle, visual, and vestibular receptors. Investigators have
attempted to evaluate gross changes in proprioception via
postural sway assessment. For example, Lentell et al4 exam
ined the role of muscular function on postural control in
individuals with unilateral ankle instability. They found no
significant difference in peak torque values between the
involved and uninvolved ankles and no relationship between
peak torque values and postural stability as assessed with a
Romberg test. However, Konradsen and Raven3 found a
significant difference in the reaction time of the peroneus
brevis and longus after sudden inversion movements when
Address correspondence to Carl G. Mattacola, PhD, ATC, CAHP
Building, 121 Washington Avenue, University of Kentucky, Lexington,
KY 40536-0003. E-mail address: carlmat@pop.uky.edu
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Fatigue was induced by consecutive concentric plantar flexiondorsiflexion contractions on a Kin-Corn II isokinetic dynamom
eter.
Results: A repeated-measures analysis of variance revealed
a significant orthotic-by-test interaction. Post hoc analysis with
the Tukey honestly significant difference method revealed that
postural sway values of the postfatigue nonorthotic condition
were significantly greater when compared with the prefatigue
orthotic, prefatigue nonorthotic, and postfatigue orthotic con
ditions.
Conclusions: Our results suggest that molded orthotics may
be an effective means of decreasing postural sway after an
isokinetic fatigue protocol. Further research is needed to de
termine the exact mechanism of this improvement and whether
orthotics are an effective means of preventing ankle injury.
Key Words: balance, postural stability, isokinetic dynamometry

stable and unstable ankles were compared. Correlation be
tween postural sway (as measured via forceplate) and peroneal
reaction time was high (Spearman p = 0.92). 3 Lundin et al5
examined the effects of plantar and dorsiflexor fatigue on
unilateral postural control. The fatigue protocol resulted in a
significant increase in medial-lateral postural sway amplitude
and an increase in anterior-posterior postural sway. They
speculated that, if the forces required for the correction of an
unstable placement of the foot are delayed due to fatigue, then
the ankle joint is at risk for injury and that the differences
found in their study might be the result of proprioceptive
deficits. Tropp et al8 found that individuals with "pathological"
sway amplitudes were predisposed to injury in the following
season.
Several studies have addressed the abnormal foot and ankle
mechanics that accompany foot pathologies. 14 " 17 Orthotic
devices have been shown to successfully modify selected
aspects of lower extremity mechanics, as well as improve
balance in individuals with acute ankle sprains. 1 '6' 14 " 16 Orthot
ics have been shown to improve postural sway when prescribed
for injured populations, but results in uninjured subjects have
been inconclusive, suggesting that orthotics increase structural
support, improve joint congruency (which may improve pro
prioceptive and kinesthetic awareness), decrease stress to the

soft or bony structures, and enhance tactile stimulation to the
surface of the foot, thus decreasing postural sway. 1 '6 Lundin et
al5 suggested that fatigue may adversely affect postural stabil
ity. However, it remains to be seen whether orthotic interven
tion can affect postural stability in the fatigued, uninjured
individual.
The purpose of our study was to determine the effect of
orthotics on postural sway after fatigue of the plantar flexors
and dorsiflexors. We hypothesized that postural stability would
improve after orthotic intervention due to neutral alignment of
the subtalar joint and the increased tactile stimulation of the
orthotic.
METHODS

Subjects
Eleven active males (age = 24 ± 2.0 years, wt = 74.5 ± 8.8
kg, ht = 180.3 ± 8.4 cm) volunteered to participate in the
study. Subjects were eligible to participate if they had no
history of injury to the lower extremity within the past year, no
previous surgery, no visual or vestibular problems, and no
previous use of orthotics. Before participating, subjects read
and signed a university-approved human consent form. The
study was approved by the University of Virginia's institu
tional review board.
Orthotic Construction
Before testing, subjects reported to be fit for a pair of custom
orthotics using foam impression trays (Foot Management, Inc,
Pittsville, MD). The subjects were seated, and the foot was
placed on a foam casting block with the hip, knee, and ankle at
90° angles and the foot in a subtalar joint neutral position. The
subject pressed his heel approximately 5.1 cm into the foam
while the examiner's hand maintained a neutral position at the
subtalar joint. The examiner's other hand pressed the remain
der of the foot into the foam to the same depth as the heel. This
procedure was repeated for the contralateral foot, and the
negative impressions were sent to the manufacturer for fabri
cation of a pair of semirigid orthotics. The manufacturer was
instructed to correct for any malalignments or abnormalities
revealed by the impressions.
Testing Procedures
Subjects reported for testing on 2 separate occasions. On the
first occasion, subjects' postural stability was assessed with or
without orthotics (sequentially and alternately), before and
after fatiguing contractions. On the second testing occasion,
subjects were tested under the opposite condition. Subjects
wore the same shoes for all testing occasions, and all testing
was performed with the foot the subject used to kick a ball.
After the orthotics were applied, subjects were allowed a
20-minute acclimatization period before testing.
Fatigue protocol. A Kin-Corn II isokinetic dynamometer
(Chattanooga Corp, Hixson, TN) was used to simultaneously
fatigue the subjects' plantar flexors and dorsiflexors. Subjects
were positioned on the Kin-Corn II in a supine position with
the hip and knee flexed to approximately 45°. The axis of
rotation of the Kin-Corn II dynamometer was aligned with the
medial and lateral malleolus at the ankle, and the foot was
secured with straps around the ankle and toes. For additional

stabilization, a hook-and-loop strap was placed across the
subject's waist. Subjects were instructed to keep their arms
folded across their chests during testing. The warm-up and
familiarization period consisted of 3 submaximal and 3 maxi
mal concentric plantar flexion-dorsiflexion contractions. The
speed of contraction was 30°/s for plantar flexion and 1 20°/s
for dorsiflexion. We found during pilot testing that the dorsi
flexors fatigued much more easily than the plantar flexors.
Therefore, we chose a test speed that was less for the plantar
flexors and more for the dorsiflexors to maximally fatigue the
plantar flexors without exhausting the smaller and weaker
dorsiflexor muscle group. The contractions occurred through a
controlled range of motion of 10° of dorsiflexion to 25° of
plantar flexion. After familiarization, subjects performed 3
maximal voluntary concentric contractions (MVCCs) in the
plantar-flexion motion at 30°/s and 3 maximal contractions in
the dorsiflexion motion at 120°/s. The highest recorded peak
torque value for plantar flexion was recorded as the MVCC,
and 50% of this value was used as the measure of fatigue. A 2to 3-minute rest period was given before the fatiguing contrac
tions were initiated.
For the fatigue protocol, subjects were instructed again to
"push down and pull back with the foot as hard as possible
until told to stop." Subjects were told to stop when the
generated force fell below 50% MVCC for at least 3 consec
utive plantar-flexion contractions. Immediately after induce
ment of fatigue, subjects were placed on the Chattecx Dynamic
Balance System (CDBS) (Chattanooga Corp) for unilateral
postural-sway assessment. The same procedure was repeated
on the second day for the opposite testing condition, with at
least 1 week between testing sessions. The amount of time
from the end of the fatiguing protocol to the beginning of the
postural sway assessment was no greater than 60 seconds.
Postural sway assessment. The CDBS was used to assess
postural sway. Postural sway was measured as the distance (in
centimeters) that the individuals swayed in the medial-lateral
and anterior-posterior directions. The sway index produced by
the machine reflects the degree of data scatter about a subject's
center of balance. The data from the force-platform measure
ments were interfaced with software that filters and samples
the data at approximately 15 cycles per second, and the sway
index was calculated by determining the distance from the
subject's center of balance for each of the data points. The
intertester reliability of this system has been previously report
ed, 18 with intraclass con-elation coefficients ranging from 0.41
to 0.90 during single-leg static and dynamic conditions.
To reduce any potential recovery from fatigue, positioning
of each subject on the CDBS occurred before the fatigue
protocol, and these settings were maintained to expedite
postural assessment immediately after fatigue. Additionally, 2
25-second warm-up and familiarization trials were performed
before fatigue to help control for any learning effect. During
testing, the subject's dominant foot was centered on the
forceplate according to the prefatigue set-up, and a harness was
strapped around each subject's waist to prevent him from
falling. The subjects were positioned in a unilateral stance with
the weightbearing extremity slightly flexed at the hip and knee
joints. The nonweightbearing extremity was placed in a neutral
hip position with the knee flexed to approximately 45°.
Subjects were instructed not to touch the weightbearing ex
tremity with the opposite leg, to keep their eyes open and
focused on a spot on the wall, and to let their arms relax at their
sides. Testing duration was 25 seconds on a stable platform.
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Subjects were instructed to maintain single-limb stance while
attempting to remain as stable as possible during the test.
Statistical Analysis

We used a 1 X 3 repeated measures (between factor: subject;
within factors: orthotic, test, and plane) analysis of variance
(ANOVA) to analyze the data. All statistics were generated
with the Statistical Package for the Social Sciences (version
6.1; SPSS Inc, Chicago, IL). We employed the Tukey honestly
significant difference (HSD) post hoc analysis to examine any
significant results. An a priori a level of P < .05 was set.
RESULTS

The means and standard deviations for all postural sway
measurements are presented in Table 1 . The ANOVA revealed
a significant orthotic-by-test interaction (F uo = 7.67, P < .05)
(Table 2). Post hoc analysis with the Tukey HSD method
revealed that postural-sway values for postfatigue nonorthotic
condition were significantly greater when compared with the
prefatigue orthotic, prefatigue nonorthotic, and postfatigue
orthotic conditions (Figure).
DISCUSSION

Our major finding was that, after fatiguing contractions of
the plantar-flexor and dorsiflexor muscle groups, combined
postural-sway values were significantly less for the orthotic
conditions, both prefatigue and postfatigue (3.27 cm and 3.48
cm, respectively) than for the nonorthotic postfatigue condition
(4.51 cm). Without orthotics, postfatigue postural-sway values
were 1 .24 and 1.03 cm higher than for the orthotic prefatigue
and postfatigue conditions, respectively. In addition, there was
a significant difference in postural-sway values between the
prefatigue and postfatigue nonorthotic conditions, but not the
orthotic conditions. It appears that the use of orthotics after
isokinetically induced fatigue reduced postural sway. These
results suggest that, with fatigue, the ability of the lower leg
musculature to control sway becomes compromised, and
molded orthotics may provide additional support. We speculate
that orthotics may add structural support to the sides of the foot
or improve alignment to enhance mechanical stability at the
ankle mortise. Improved alignment may also be an important
factor in terms of joint mechanoreceptor function and neural
feedback.
To our knowledge, the effects of orthotics on postural sway
in healthy, fatigued individuals have not been examined.
Previous research has examined the effects of orthotics on
postural sway in individuals with acute ankle sprains.
Guskiewicz and Perrin 1 reported that orthotics reduced pos
tural sway in individuals with acute ankle sprains but had no

effect on uninjured individuals. This finding differs from our
results. One reason for the difference may be the duration of
the stability test. Guskiewicz and Perrin 1 tested for 10-second
periods, versus 25-second periods in our study. They proposed
that orthotics may improve alignment and relieve excessive
strain on injured ankle ligaments and, thus, enhance joint
mechanoreceptor function, reducing postural sway. They also
speculated that orthotics may provide structural support to the
sides of the foot or tactile stimulation to the bottom of the foot.
Although the patients in our study were uninjured, these
proposed mechanisms are all possible explanations for the
postural-sway improvements we saw.
Orteza et al6 also found that orthotic intervention improved
balance in subjects with acute ankle sprains and decreased pain
levels with jogging. However, they found no effect on unin
jured individuals, which differs from our results. The ability to
discern differences in an uninjured sample in our study may be
attributed to a more sensitive measuring device. Orteza et al6
measured postural sway using a single-axis digital balance
evaluator that assessed the time out of balance and the number
of times balance was lost. We measured postural sway with an
instrument (CDBS) that measured vertical reaction forces
using 4 force transducers. Subjects in our study were unin
jured; therefore, within the limits of our study, we suggest that
the increase in postural sway was due to a decline in the
force-generating capacity of the plantar-flexor and dorsiflexor
muscle groups.
Muscle receptors have been described as a prominent if not
primary determinant of joint position sense. 19 Decreases in
unilateral and bilateral balance after fatiguing contractions of
the lower extremity have been attributed to muscle spindle or
Golgi tendon desensitization.20 Continued and intense stress to
the muscular motor unit results in fatigue, which may be
central or peripheral in origin.21 Central fatigue is associated
with reduced recruitment of new motor units or decreased
firing frequency of the active units, or both. Peripheral fatigue
results from a decrease in the efficiency of the contractile units
of the muscle. 21 One limitation to our study was that the only
measures of central and peripheral fatigue were reductions in
muscular force and balance performance. We speculate that
improved performance with the orthotic condition may be due
to mechanical stability of the talocrural joint.
The cradling effect of the orthotic improves alignment of the
talocrural joint and places the ankle mortise in a more neutral
position. Neutral positioning places the muscle spindles in a
position of decreased stretch and activity. Therefore, the
fatigued muscle spindles are not challenged. Application of the
orthotic results in increased tactile pressure to the bottom of the
foot. The increased area of stimulation or increase in the
receptive field might theoretically result in increased activa
tion of nearby parent afferent fibers. 22 Our findings are

Table 1. Postural-Sway Measurements for Medial-Lateral and Anterior-Posterior Directions for the No-Orthotics and Orthotics
Conditions*
Medial-Lateral

No orthotics
Orthotics

Combined!

Prefatigue

Postfatigue

Prefatigue

Postfatigue

Prefatigue

Postfatigue

2.44(1.28)
2.32 (0.77)

2.89(1.64)
2.38 (0.42)

4.66 (2.21)
4.22(1.66)

6.13(4.28)
4.57 (2.58)

3.55(2.10)
3.27(1.59)

4.51 (3.57)
3.48(2.13)

*Mean values are expressed in centimeters (SD).
tMedial-lateral and anterior-posterior combined.
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Table 2. Summary Table for the ANOVA
Source of Variance
Orthotic
Error
Test
Error
Plane
Error
Orthotic x test
Error
Orthotic x plane
Error
Test x plane
Error
Orthotic x test x plane
Error

SS*

dff

MS*

F

9.47
52.07
7.48
65.64
125.79
36.39
3.10
4.04
2.59
6.13
2.37
38.52
.73
3.36

1
10
1
10

9.47
5.21
7.48
6.56
125.79
3.64
3.10
.40
2.59
.61
2.37
3.85
.73
.34

1.82

.207

1.14

.311

1

10

1

10

1

10

1

10

1

10

Significance

34.57

.000§

7.67

.020§

4.24

.067

.62

.451

2.18

.171

*SS, sums of squares.
|df, degrees of freedom.
tMS, mean square.
§Significant at P < .05.

8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Prefatigue
.

Postfatigue

* +# indicate significant differences (P < .05) among like terms.

The orthotic x test interaction. There were 2 levels for the Orthotic
factor (Orthotic and No orthotic) and 2 levels for the fatigue factor
(Prefatigue and Postfatigue).

consistent with Orteza et al,6 who suggested that improved
alignment at the mortise may account for better stability. Even
though the force-generating capacity of the plantar-flexor and
dorsiflexor muscle groups was reduced, there was no resulting
decrease in postural sway for the orthotic condition. We
theorize that maintenance of a more neutral position of the
subtalar joint may decrease reliance on the supporting muscu
lature.
Induction of fatigue to the lower extremity musculature has
been established with isokinetic dynamometry. Lundin et al5
found a significant increase in postural sway after a protocol in
which the subjects maximally assisted and resisted concentriceccentric plantar-flexion and dorsiflexion contractions. Al
though we used a different fatiguing protocol, isokineticinduced fatigue of the plantar flexors and dorsiflexors
increased postural sway in an uninjured group of subjects.
While performing the fatiguing contractions on an isokinetic
dynamometer serves as an accepted and established clinical

model, it remains to be seen whether postural-sway values will
be compromised after a more functional and sport-specific
fatigue protocol. We agree with Lundin et al 5 that, as the ankle
musculature becomes fatigued, its ability to control the joint is
compromised, which may be due to fatigue-induced proprioceptive deficits.
Tropp et al 8 examined athletes with a history of ankle
sprains to see whether a disturbance in proprioception had an
effect on functional status or predisposition to future injury.
They found that subjects with large postural-sway amplitudes
were especially susceptible to ankle injury in the following
season. If fatigue does indeed increase postural sway, we could
speculate that subjects are predisposed to ankle injury, but
more research is needed in this area.
A limitation with our study was that our sample size was
small (n = 11). This was a practical limitation, since we were
able to secure funding for the fabrication of 12 pairs of
orthotics, and 1 subject withdrew for personal reasons. Al
though our sample size was small, there was a significant
test-by-orthotic interaction. Our postanalysis value for the
test-by-orthotic interaction had a power of 0.70. The differ
ences that were apparent with the orthotic application need
further investigation to determine the clinical relevance of our
results in a more functional environment. Therefore, although
encouraging, the differences we found are not generalizable to
all conditions in which balance may be compromised by
muscular fatigue.
In summary, our results show that orthotics may reduce
postural sway and, we believe, may prevent injuries in later
stages of sport activity. Future research should address a more
functional fatigue protocol, as well as postural-sway assess
ment under dynamic platform conditions. Additional research
is also needed to determine whether orthotics have a role in
injury prevention. Due to the small sample size of this study,
clinicians must be cautious in generalizing these results to all
sport conditions.
CONCLUSIONS

Orthotic intervention appears to be an effective means of
decreasing postural sway after an isokinetic fatigue protocol.
Further research may be warranted to determine whether
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orthotics do indeed reduce postural sway in healthy individuals
and whether they are an effective means of preventing ankle
injury.
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Effects of Tape and Exercise on Dynamic
Ankle Inversion
Mark D. Ricard, PhD; Stephen M. Sherwood, MS, ATC, CSCS;
Shane S. Schulthies, PhD, PT, ATC; Kenneth L. Knight, PhD, ATC
Brigham Young University, Provo, UT
Objective: To compare the effects of tape, with and without
prewrap, on dynamic ankle inversion before and after exercise.
Design and Setting: Doubly multivariate analyses of vari
ance were used to compare the taping and exercise conditions.
Subjects were randomly assigned to a fixed treatment order as
determined by a balanced latin square. The independent vari
ables were tape application (no tape, tape with prewrap, tape to
skin) and exercise (before and after). The dependent variables
were average inversion velocity, total inversion, maximum in
version velocity, and time to maximum inversion.
Subjects: Thirty college-age male and female students (17
males, 13 females; mean age = 24.9 ± 4.3 years, range, 19 to
39 years) were tested. Subjects were excluded from the study
if they exhibited a painful gait or painful range of motion or had
a past history of ankle surgery or an ankle sprain within the past
4 weeks.
Measurements: We collected data using electronic goniom
eters while subjects balanced on the right leg on an inversion
platform tilted about the medial-lateral axis to produce 15° of
plantar flexion. Sudden ankle inversion was induced by pulling
the inversion platform support, allowing the platform support
base to rotate 37°. Ten satisfactory trials were recorded on the
inversion platform before and after a prescribed exercise bout.
We calculated total inversion, time to maximum inversion,

M

ost ankle inversion injuries occur during landing with
the foot plantar flexed and internally rotated. ! Taping
or bracing the injured ankle to decrease range of
motion and thereby prevent further injury is standard practice
among sports medicine clinicians. 2 Researchers have reported
that tape provides adequate restriction of range of motion, 3"9
even though it loosens with exercise.4'7'9' 10
Several factors have been suggested to affect the restric
tive quality of a tape application: perspiration, skin mobil
ity, prewrap, spray adherent, and taping configuration. 11 " 13
Opinions conflict concerning the relative effectiveness of
taping over prewrap. 11 " 13 It has been reported that taping
over prewrap results in greater, 11 the same, 13 and less 12
inversion restriction than taping directly to the skin. Perhaps
the inconsistent results were due to the methods used to
study the question. Two of the studies involved nonweightbearing tests, 11 ' 13 as did several others dealing with ankle
Address correspondence to Mark Ricard, PhD, Physical Education
Department, PO Box 22116, Human Performance Research Center,
Brigham Young University, Provo, UT 84602. E-mail address:
Mark Ricard@BYU.EDU

average inversion velocity, and maximum inversion velocity
after sudden inversion.
Results: We found no significant differences between taping
to the skin and taping over prewrap for any of the variables
measured. There were significant differences between both
taping conditions and no-tape postexercise for average inver
sion velocity, maximum inversion, maximum inversion velocity,
and time to maximum inversion. The total inversion mean for
no-tape postexercise was 38.8° ± 6.3°, whereas the means for
tape and skin and for tape and prewrap were 28.3° ± 4.6° and
29.1° ± 4.7°, respectively. After exercise, inversion increased
by 1.0° ± 2.8° for the no-tape condition, whereas the tape-toskin and tape-over-prewrap inversion increased by 2.1° ± 3.2°
and 1.7° ± 2.2°, respectively.
Conclusions: There was no difference in the amount of
inversion restriction when taping with prewrap was compared
with taping to the skin. Tape and tape with prewrap significantly
reduced the average inversion velocity, maximum inversion,
maximum inversion velocity, and the time to maximum inver
sion. Both taping conditions offered residual restriction after
exercise.
Key Words: ankle taping, prewrap, inversion, ankle sprain,
inversion platform

inversion2'4' 14 ; another study involved partial weightbearing. But ankle sprains occur from dynamic, unexpected
weightbearing inversion. Therefore, the purpose of our
study was to test the effect of taping over prewrap on
restricting dynamic, weightbearing inversion.
METHODS

Design
We used doubly multivariate analyses of variance to com
pare the taping and exercise conditions. The independent
variables were tape application (no tape, tape with prewrap,
tape to skin) and exercise (before and after). The dependent
variables were total inversion, time to maximum inversion,
average inversion velocity, and maximum inversion velocity.
Subjects
Thirty subjects (17 males, 13 females; height = 176.2 ± 7.8
cm, weight = 76.5 ± 12.9 kg, age = 24.9 ± 4.3 years, range,
19 to 39 years) with no acute symptoms of lower leg, ankle, or
Journal of Athletic Training
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foot injury volunteered to participate in this study. All subjects
wore their own low-top athletic shoes for every trial. Subjects
were excluded from the study if they exhibited a painful gait or
painful range of motion or had a past history of ankle surgery
or an ankle sprain within the past 4 weeks. We obtained
institutional approval from the Institutional Review Board at
Brigham Young University, and subjects gave written in
formed consent.
Instruments

We used an inversion platform with a foot-support base that
rotates 37° after a trap door is pulled with a string to induce
dynamic ankle inversion (Figures 1-3). To help simulate the
mechanism of sprain,6 the back of the inversion platform was
raised 15° so that ankle inversion could be measured with 15°
of plantar flexion (Figure 1). The design and function of the
platform is similar to that used in several other stud•

!C-i>.

7,11,12,14-18

We chose to use an electronic goniometer to measure ankle
inversion rather than video marker tracking because of the
increased sampling rate available for the goniometer at 1000
Hz, compared with the typical video sampling rate of 60 to 120
Hz, which is not fast enough to capture the dynamic nature of
ankle inversion. An electronic goniometer (Penny & Giles,
Santa Monica, CA) was placed on the heel of the subject's shoe
with adhesive tape, and its position was outlined with a marker
for future reference. This goniometer measured the inversioneversion of the subject's ankle as a function of time. Due to the
fragile nature of the instrumentation and the potential that the
exercise bout would alter the position of the goniometer, the
instrument was removed for exercise and then replaced using
the marker guidelines. Another electronic goniometer was
placed on the platform from the base support to the trap door
to measure the rate, distance, and time of the trap door fall
(Figures 1-3).
Surface electromyography (EMG) was used to record the
level of activity of the peroneus longus and the tibialis anterior
to monitor preactivation and muscle guarding. A quiet signal
(ie, no muscle activity) was obtained before the trap door was
activated. EMG and goniometer signals were sampled at 1000

Figure 1. Inversion platform instrumented with an electronic goni
ometer to measure the rotation of the platform foot-support base.
When the trap door is pulled out with the string, the platform
foot-support base rotates 37°, causing a sudden ankle inversion.
The back of the inversion platform was raised to allow the subject
to be tested at 15° of plantar flexion.
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Figure 2. Inversion platform with the subject's weight on the right
foot and using the great toe of the left foot to maintain balance. A
goniometer was placed on the rear of the shoe and lower leg to
measure ankle inversion. A second goniometer was placed on the
inversion platform to measure the 37° rotation of the platform
foot-support base after the trap door was pulled with the string
shown. The back of the inversion platform was raised to allow the
subject to be tested at 15° of plantar flexion.

Figure 3. Inversion platform and subject after the trap door is
released. The platform foot-support base rotates 37°, causing a
sudden ankle inversion.

Hz using a Micron P-133 computer (Nampa, ID) interfaced to
a Noraxon EMG amplifier (Scottsdale, AZ) by a KeithleyMetrabyte 1802 HC, 64-channel, 12-bit analog-to-digital con
verter (Taunton, MA). The EMG signals were recorded with
Medicotest pregelled, M-OO-S, circular, 30-mm-diameter, Ag/
AgCl surface electrodes (Rolling Meadows, IL) placed over
the muscle belly parallel to the muscle fibers, in pairs 3 cm
apart from center to center. The electrode sites were prepared
by shaving the hair, lightly abrading the skin with sandpaper,
and cleansing the area with rubbing alcohol to lower input
impedance below 3000 H. The EMG signals were differen
tially amplified with a gain of 1000 and a bandwidth of 16 to
500 Hz at — 3dB using a Noraxon Telemyo telemetry system.
The Noraxon amplifiers have an input noise below 1 ju,V RMS
and an effective common mode rejection ratio of 135 dB.

Procedures
Subjects read and signed an institutionally approved subject
consent form. Each subject's height, weight, age, and previous

injury history were recorded. Testing was conducted before
and after exercise under 3 conditions: no tape (control), tape
directly to the skin (tape-skin), and prewrap with tape (tapeprewrap). The treatment order was randomly assigned and
determined by a balanced latin square. The testing of each
condition occurred on separate days within a 3-week time
frame.
Upon entering the research facility, the subjects were in
structed to shave the right leg from the midcalf down to the
toes. We recorded weight, age, and height. The EMG electrode
sites were lightly abraded with sandpaper and cleansed with
sterile alcohol prep pads (Professional Disposables, Orangeburg, NY). For the tibialis anterior, the EMG electrodes were
located 7 cm below the level of the fibular head, and for the
peroneus longus, 8 cm below the level of the fibular head. A
ground electrode was placed directly over the fibular head.
We marked the positions of the electrodes to prevent
misplacement if they became dislodged during the exercise
bout and for accurate placement on subsequent days. The
subjects were instructed not to remove either the goniometer or
electrode placement marks until they completed the study. The
subjects then had the right ankle taped according to the method
specified by the assigned treatment order.

calculated the total inversion, average rate of inversion, and
correlation between the calcaneal inversion and shoe inversion.
The mean correlation between calcaneal and shoe inversion for
the 5 trials was 0.997. Total calcaneal inversion was 38.3° ±
0.1 1°, and total inversion calculated from the shoe goniometer
was 38.1° ± 0.08°. The average rate of inversion of the
calcaneus was 110.8°/s ± 0.44°/s, and the average rate of
inversion of the shoe was 109.2°/s ± 0.81°/s.
Clarke et al 19 and Nigg20 have also established that measur
ing the rear of the shoe is a valid measure of ankle inversion.
They used specially designed shoes with a clear plastic heel,
placing markers on the calcaneus and the rear of the shoe and
then digitizing the shoe and calcaneal movement relative to the
rear of the lower leg. This methodology enabled them to
quantify the effects of foot movement within the shoe, as well
as the relationship between calcaneal movement and shoe
movement. Frederick21 agreed with Clarke et al 19 and Nigg20
that placing markers on the rear of the shoe is a valid indicator
of the amount of inversion and eversion about the subtalar
joint.
Testing

Once the tape was applied, subjects were pretested, stretched
the
lower legs, exercised, and then were posttested. To mini
Taping Method
mize the effects of movement of the foot within the shoe during
The same athletic trainer applied each tape application to all inversion testing, subjects were instructed to tightly lace their
subjects. The choice of ankle taping method was based upon shoes before each set of platform inversion tests. For both
personal preference. The tape application included 3.8-cm (1.5 pretesting and posttesting, the goniometer was attached to the
in) zinc oxide tape (Jaybird & Mais Athletic Products, Law back of the heel of the subject's shoe and to the base of the
rence, MA), heel and lace antifriction pads (Mueller Sports gastrocnemius in line with the Achilles tendon. Each time the
Medicine, Inc, Prairie du Sac, WI), which contained a small goniometer was attached to the subject, it was zeroed with the
amount of skin lubricant (Cramer Products, Inc, Gardner, KS), subject's right ankle in a neutral inversion-eversion position.
and tape adherent spray (Mueller Sports Medicine).
Zeroing the ankle inversion goniometer before inversion plat
Tape adherent was evenly sprayed over the area to be taped form testing eliminates any errors due to removing the goni
and allowed to dry for a few seconds. The lubricated heel and ometer and replacing it before and after exercise. The platform
lace pads were then placed over the Achilles and pretibial goniometer was also zeroed at the beginning of each set of
tendons. Tape was then applied in a basketweave pattern, trials. The EMG electrodes were attached to the telemetry
followed by heel locks and figure eights. Anchors were placed system at this time.
around the leg at the base of the calf (musculotendinous
Subjects stood on the inversion platform facing away from
junction of the gastrocnemius) and the base of the foot, slightly the testers to avoid anticipation of the platform drop. They
posterior to the base of the fifth metatarsal, and 4 inversion were instructed to stand with most of their weight on the right
stirrups were applied from medial to lateral, with each stirrup foot, using the left great toe for balance (Figures 2 and 3). The
followed by a circular anchor (3 to 6 total) working down the subject was instructed to relax the ankle and roll into the
leg. Three heel locks and 2 figure eights were then applied. subsequent inversion. At random intervals, the platform door
Reanchoring was the last step, starting from the top of the tape was dropped. Each trial was visually inspected and saved for
job down to approximately the maleollar level and around the analysis if there was no evidence of muscular preactivation and
foot.
no delay between dropping of the platform and inversion of the
The prewrap was applied in the following manner: starting foot. Most subjects required 10 to 13 trials to complete 10
in the midfoot range, the prewrap was applied in a circumfer acceptable trials.
ential manner, moving up the ankle and leg, overlapping half
Subjects stretched the quadriceps, hamstring, and gastrocne
the width of the previous strip.
mius muscles of both legs. Each muscle was stretched 3 times
for 30 seconds. The exercise bout included a 10-minute
treadmill
run at 9.66 kph (6 mph), running figure eights (9.1 m,
Pilot Study
3 sets, 5 repetitions), shuttle runs (9.1 m, 3 sets, 3 repetitions),
In our study, we measured the angle between the rear of the and bilateral toe raises (3 sets, 20 repetitions). Each subject's
shoe and the lower leg as an estimate of the amount of ankle time was recorded for the figure eights and shuttle runs to
inversion using an electronic goniometer sampling at 1000 Hz. ensure a consistent effort throughout the testing. Two subjects
To establish the validity of using a goniometer attached to the could not complete the treadmill run; they were instructed to
rear of the shoe to estimate ankle inversion, we conducted a decrease the speed of the treadmill to a comfortable pace to
pilot study using 2 goniometers: 1 was placed directly over the finish the allotted 10 minutes.
calcaneus and the other over the rear of the shoe. One subject
Once the exercise bout was completed, the goniometer was
was tested during 5 trials of sudden inversion. We then reattached, and the subjects were posttested on the inversion
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platform using the pretest procedures until 10 satisfactory trials
were collected.
Data Analysis
The EMG signals were visually inspected on the computer
screen to verify that the subjects did not activate the peroneus
longus or tibialis anterior before or during the inversion
platform drop, and no further processing of the EMG signals
was done. The ankle inversion and the inversion platform
goniometers were sampled at 1000 Hz, resulting in a time
between samples of 0.001 seconds. Total inversion was defined
as the difference between initial joint angle (before dropping
the inversion platform) and the maximum inversion point
reached after platform drop (Figure 4). The time to maximum
inversion was defined as the difference in time from the
initiation of platform drop to the time at which the ankle was
maximally inverted. The average inversion velocity was the
total inversion divided by the time to maximum inversion. The
maximum inversion velocity was defined as the greatest
velocity obtained between platform drop and the maximum
inversion point (Figure 4). The average of the 10 trials for each
variable was used for statistical analysis.
Since it was possible that the tape could have loosened
during the 10 trials of sudden inversion, we used single-factor
repeated-measures analyses of variance (ANOVAs) to test for
significant differences between the trials for each dependent
variable. We found no significant differences between the trials
for any of the dependent variables, justifying our use of the
10-trial averages for each variable.
Doubly multivariate analyses of variance 19 were employed
to compare the taping and exercise conditions on the 10-trial
averages for the 4 dependent variables: total inversion, time to
maximum inversion, average inversion velocity, and maximum
inversion velocity. Post hoc tests of significant multivariate
statistics were performed with univariate ANOVAs and Tukey
test procedures.22 For all comparisons, a was set at 0.05.

Max. Velocity of Inversion

-20
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Figure 4. Typical trial of sudden ankle inversion. Total inversion
was defined as the difference between the initial ankle inversion
angle and the final ankle inversion angle after platform drop. The
time to maximum inversion was defined as the difference in time
from the initiation of platform drop to the time at which the ankle
was maximally inverted. The average inversion velocity was the
total inversion divided by the time to maximum inversion. The
maximum inversion velocity was defined as the greatest velocity
obtained between platform drop and the maximum inversion point.
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RESULTS

There was no difference between taping over the skin and
taping over prewrap for any of the 4 variables; however, both
taping conditions were significantly different from the no-tape
condition for all 4 variables (Table 1). The multivariate
statistical results and power are shown in Table 2. Total
inversion was approximately 10° less during the 2 tape
conditions than during the no-tape condition (F2,5?, ~ 198.3,
P = .000) (Table 3). Total inversion increased l°'to 2° during
exercise in the 3 conditions (F 1)29 = 28.11, P < .001).
Time to maximum inversion was greater for the tape
conditions than the no-tape condition both before and after
exercise, despite the lesser distance (F258 = 7.64, P = .001,
Tukey <0.05). Time to maximum inversion was 7.1 millisec
onds and 8.6 milliseconds less after exercise in the 2 tape
conditions (Tukey <0.05). The 1.5-millisecond reduction after
exercise in the no-tape condition was not significant.
Average inversion velocity was 38% and 40% less during
the tape conditions than the no-tape condition before exercise
and 29% and 31% after exercise (F2;58 = 89.42, P < .001).
Despite a significant difference between pre-exercise and postexercise, tape to skin and tape over prewrap still significantly
reduced the average inversion velocity over the control. Aver
age inversion velocity was 36°/s greater after exercise in the 2
tape conditions (F258 = 7.51, P = .001, Tukey < 0.05). The
4.5°/s increase after exercise in the no-tape condition was not
significant.
Maximum inversion velocity was 35% and 38% less during
the tape conditions than the no-tape condition before exercise
and 30% and 31% after exercise (F258 = 292.14, P < .001).
Maximum inversion velocity was 40°/s to 76°/s greater after
exercise in the 3 conditions (F 1>29 = 40.1, P < .001).
DISCUSSION

Applying tape over prewrap is as effective as applying tape
directly to the skin in reducing the amount and rate of dynamic
ankle inversion. Our results agree with Manfroy et al 13 but
contradict the conclusions of Delacerda 11 and Keetch. 12
Despite arriving at the same conclusions, Manfroy et al 13
used methods that were considerably different from ours. They
tested maximal ankle resistance to inversion under unipedal
weightbearing conditions and measured their results in terms of
N-m, not actual degrees of inversion; the degree of inversion
was set at 15°. They reported no difference in the support
provided by tape over prewrap or tape to the skin.
Delacerda 1 1 concluded that using prewrap, whether gauze or
foam, was superior to taping to the skin in restricting inversion
after exercise. He reported that inversion range of motion
increased 7.67° after exercise for the foam prewrap and 7.88°
for tape to skin. We found a considerably smaller increase in
ankle inversion range of motion after exercise. Our tapeto-skin condition increased range of motion by 2.1° and tape
over prewrap by 1.7° after exercise. We believe that the
discrepancy between our results and Delacerda's 1 1 may be due
to the static nature of his method of inversion and his limited
sample size of 3 subjects.
Our methods were similar to those used by Keetch, 12 despite
conflicting results. She reported a 3.5° loss for the tape-sprayprewrap condition and a 1.5° loss for the tape-spray condition.
The control group exhibited a maximum inversion of only
15.6°, whereas our control group demonstrated approximately

Table 1. Experimental Variables by Tape and Exercise Conditions (Mean ± SD)
Tape-Skin

Tape-Prewrap

37.8t ± 4.6
38.8| ± 6.3
1.0 ± 2.8

26.2| ± 4.7
28.3f ± 4.6
2.1 ± 3.2

27.4f ± 5.0
29.1t ± 4.7
1.7 ± 2.2

110.9 ± 24.4
112.4 ±26.2
1.5 ±11.4

124.4| ± 18.4
117.3f ± 19.3
7.1 ± 13.2

126.0f ± 17.4
117.4f ± 63.5
8.6 ± 13.6

364.2 ± 86.4
368.7 ± 87.1
4.5 ± 38.2

218.3f ± 49.3
253.8f ± 44.7
35.5 ± 34.8

226.9t ± 63.5
262.7f ± 61.0
35.8 ± 46.3

700.61 ± 105.1
740.1 1 ± 108.6
39.5 ± 59.8

435.4t ± 95.0
511. Of ± 87.0
75.6 ± 79.4

455.4f ± 110.2
517.4f ± 100.6
62.0 ± 83.8

No Tape*
Total inversion (°)
Before exercise
After exercise
Difference
Time to maximum inversion (ms)
Before exercise
After exercise
Difference
Average inversion velocity (7s)
Before exercise
After exercise
Difference
Maximum inversion velocity (°/s)
Before exercise
After exercise
Difference

* No tape was always significantly different from tape-skin and tape-prewrap.
t Before exercise was significantly different from after exercise.

Table 2. Multivariate Statistics and Power
Within-Subjects Effects

Multivariate F (df)

Significance

Power

38.1 (8, 110)
12.5(4,26)
2.9(8, 110)

.000
.000
.006

1.000
1.000
.937

Tape conditions
Exercise conditions
Tape by exercise

Table 3. Univariate ANOVA Follow-up Statistics and Power
Within-Subjects Effects
Total inversion
Tape conditions
Exercise
Tape by exercise
Average inversion velocity
Tape
Exercise
Tape by exercise
Maximum inversion velocity
Tape
Exercise
Tape by exercise
Time to maximum inversion
Tape
Exercise
Tape by exercise

Univariate F (df)

Significance

Power

198.3(2,58)
28.2 (1 , 29)
1.2(2,58)

.000
.000
.317

1.000
.999
.247

89.4 (2, 58)
25.8 (1 , 29)
7.5 (2, 58)

.000
.000
.001

1.000
.998
.932

292.1 (2, 58)
40.1 (1,29)
2.2 (2, 58)

.000
.000
.121

1.000
1.000
.430

5.4 (2, 58)
7.8(1,29)
7.6 (2, 58)

.007
.009
.001

.827
.773
.936

38° of inversion. The differences between our results and
Keetch's 12 may be explained by her use of a limited range of
inversion, 15.6°, slower sampling rate of 60 Hz, and the
possible firing of the subjects' evertor muscles to restrict
movement.
Similar to previous studies,3'6'9' 14 we found that inversion
range of motion of a taped ankle does increase after exercise.
Despite this increased range of motion after exercise, we found
that ankle taping restricted the range of motion during sudden
inversion by approximately 10°. In our study, total inversion in
the no-tape condition was 38°, whereas the total inversion was
27° and 28° in the tape-skin and tape-prewrap conditions,
respectively. Both taping conditions offered a residual inver
sion restriction of almost 10° after exercise. Furthermore, the
time to maximum inversion increased by 4%, and the average

inversion velocity was decreased by 30%. This may not seem
like much until we consider the mechanical delay of the evertor
muscles. It takes the peroneal muscles approximately 1 15
milliseconds to impose a force substantial enough to cause an
inversion response. 16'23 Many ankle sprains occur before the
ankle muscles can react to protect the joint. Konradsen et al 16
suggested that, during a sudden inversion force, the evertor
muscles cannot prevent the ankle from inverting. The reduction
of inversion velocity and increase in time to maximum inver
sion in taped ankles may allow time for the body's natural
reflex mechanism to activate and possibly prevent inversion or
decrease the severity of the injurious movement.
We suggest that tape is effective in restricting inversion,
despite the increased range of motion after exercise. However,
several factors determine the relative potential of a load to
cause an ankle sprain: the magnitude of force, the rate of
application, the point of application, the direction of force
application, the critical state of the tissues (bone, tendon,
ligament, and muscle), and the preactivation of the muscles. 15
A typical landing associated with a basketball rebound pro
duces a peak vertical force of 3 to 6 times body weight in a
time of 10 to 80 milliseconds, with most ankle injuries
occurring between 30 and 50 milliseconds after ground con
tact. 15 This rate offeree exceeds the evertor muscles' ability to
prevent inversion. 16'24 The ideal method for testing devices
designed to prevent ankle sprains would include forces of 4 to
7 times body weight, peaking in 12 milliseconds and producing
an angular impulse of the subtalar joint of 4 to 6 N-m-s during
the first 100 milliseconds. 15
Our relatively small increased range of motion after exercise
(1.7° and 2°) is much less than that reported in the literature
(Table 4). 2>4>7' 12'24<25 The reported loosening of tape after
exercise is less when the method of testing employs dynamic
weightbearing inversion. 7 ' 12'24 Of the studies listed in Table 4,
3 used a weightbearing form of testing. 2'4' 14 Although Martin
and Harter24 used an 8.5° laterally tilted treadmill running test
to evaluate inversion angles and concluded that tape is unable
to restrict inversion under dynamic loads, their testing did not
approach the anatomical limits for an ankle sprain to occur.
Keetch 12 and Pederson et al7 used a weightbearing test;
however, their sampling rate was relatively slow at 60 Hz
(compared with our sampling rate of 1000 Hz), and their
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Table 4. Loss of Inversion Restriction Reported by Other Authors
Author(s)

% Loss

Pre-exercise (°)

Postexercise (°)

Difference (°)

Fumich et al4 (1981)

28

15.00

20.80

5.8

Greene and Hillman2 (1990)

44

42.2 ± 3.98

75.54 ± 8.45

33.3

Keetch 12 (1992)

15

8.40 ± .40

9.94 ± .40

1.5

Martin and Harter24 (1993)

65
22

9.9 ± 3.3
12.0 ± 4.2

16.3 ± 3.1
15.4 ± 6.5

6.4
3.4

Paris et al25 (1995)

23

28.7 ± 6.9

35.2 ± 8.0

6.5

Pederson et al 7 (1997)

20

21.5 ± 5.2

27.0 ± 5.4

5.5

Method of Measurement
Active/NWB*
PF/INVt
Passive/NWB
INV:j:
Inversion
Platform
INV
Active/NWB
Treadmill/WB§
INV
Passive/NWB
INV
Inversion
Platform
INV

* NWB, Nonweightbearing.
t PF/INV, Plantar flexion and inversion.
t INV, Inversion.
§ WB, Weightbearing.

inversion platform protocol did not include testing the subjects
in a plantar-flexed position.
To adequately test the effectiveness of a force bypass such as
tape or a brace in preventing injury, the methods must use
dynamic inversion with a weightbearing, plantar-flexed posi
tion while monitoring the activation of the evertor muscles.
Weightbearing dynamic inversion is essential because most
ankle sprains result from ankle inversion caused by landing on
an object on the medial side of the shoe, and it is the motion of
the body that forces the ankle into inversion. To protect the
ankle from injury, a force bypass such as tape must withstand
the magnitude and rate of torque application caused by the
body's center of mass about the ankle joint. In addition to
recording the amount of inversion, it is also necessary to record
the time to maximum inversion and the inversion velocity to
clinically evaluate the effectiveness of taping or bracing in
protecting the ankle. The ideal ankle-sprain paradigm should
involve an unexpected inversion in which the ankle inverts 35°
in under 60 milliseconds.
An important result was the increased range of motion of the
ankle in the no-tape condition. After exercise, there was a 1.0°
difference from pre-exercise, possibly due to the increased
extensibility of the connective tissue from a warming effect of
increased blood flow. Libera26 reported 36% increased range
of motion during his control condition. Pederson et al7 reported
0.6° increased range of motion during their control condition.
In our study, since the no-tape condition increased range of
motion by 1.0° and our taping conditions increased it by about
2.0°, it could be suggested that 50% of the tape-increased range
of motion was a result of anatomical loosening of the ankle.
CONCLUSIONS

There was no significant difference in total inversion,
average inversion velocity, maximum inversion velocity, or
time to maximum inversion between taping to the skin and
taping over prewrap before and after exercise. The tape
loosened significantly during exercise; however, we feel these
differences in the amount and rate of inversion are not
meaningful and that ankle taping provides residual inversion
restriction. Tape decreases the inversion velocity and increases the
36
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time to achieve maximum inversion, possibly allowing the neuromuscular system additional time to respond.
We recommend that testing of ankle prophylactic devices be
done using a dynamic, unexpected inversion that includes plantar
flexion and precludes the activation of the evertor muscles.
We found no evidence to support or refute the use of
prewrap when taping an ankle. Whether or not to use prewrap
may be a personal choice of the athletic trainer or athlete or
based on the budget concerns of the purchasing institution or
the condition of the athlete's skin after several consecutive
days of taping. About 50% of the reported loosening of tape
after exercise may be due to the increased extensibility of the
ankle connective tissue.
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Effects of High-Top and Low-Top Shoes on
Ankle Inversion
Mark D. Ricard, PhD*; Shane S. Schulties, PhD, PT, ATC*;
Jose J. Saret, MS, ATCt
Brigham Young University, Provo, UT; t Quezon City, Philippines
Objective: To determine the differences in the rate and
amount of ankle inversion in subjects wearing high-top and
low-top shoes.
Design and Setting: Subjects were filmed at 60 Hz while on
an inversion platform that suddenly inverted the right ankle 35°.
We measured 5 trials of sudden inversion for each subject in
high-top and low-top shoes.
Subjects: Twenty male subjects with no history of lower leg
injury within the previous 6 months.
Measurements: We measured ankle inversion using video
motion analysis techniques at 60 Hz. A 2 x 5 factorial repeatedmeasures analysis of variance was used to test for significant

A

n extremely high rate of ankle injury among athletes
has been extensively documented in the literature. 1 " 6
Ankle injuries account for at least 20% to 25% of all
time loss in sports involving running and jumping, including
basketball, football, soccer, and volleyball. 3 '5 '7 Ankle inju
ries are common in sports that involve high-impact loads,
which may destabilize the ankle. Because the anatomical
structure of the ankle predisposes the lateral ligaments to
injury, numerous measures have been advocated for en
hancement of dynamic ankle stability. Ankle tape8 and
braces9 ' 10 have been shown to reduce the amount and rate of
ankle inversion. Wearing specially designed footwear, such
as high-top shoes, has been suggested to decrease the
potential for ankle injury. 11 ' 12
High-top athletic shoes are frequently chosen to augment
ankle support because they may provide increased resistance to
ankle inversion.'' The increased cost of these shoes may be
justified if they decrease ankle injury rates. 13 Not all studies,
however, support the finding that high-top shoes may reduce
the potential for injury. Currently, consensus is lacking among
researchers and clinicians concerning the extent to which
high-top shoes protect the ankle from inversion trauma. 11 " 14
The purpose of our study was to determine whether there is a
difference in the amount and rate of inversion in subjects
wearing high-top and low-top shoes.
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differences in the amount of inversion, average rate of inver
sion, and maximum rate of inversion.
Results: The high-top shoes significantly reduced the
amount and rate of inversion. The high-top shoes reduced the
amount of inversion by 4.5°, the maximum rate of inversion by
100.1%, and the average rate of inversion by 73.0%.
Conclusions: The high-top shoes were more effective in
reducing the amount and rate of inversion than the low-top
shoes. Depending upon the loading conditions, high-top shoes
may help prevent some ankle sprains.
Key Words: shoe design, inversion, ankle injury, ligament

METHODS

Subjects
The subjects were 20 male physical education students
(age = 20.5 ± 3.47 years, ht = 178.94 ± 5.36 cm, weight =
74.62 ± 9.73 kg) who volunteered for the study. The subjects
had, within the previous 6 months, no history of lower leg
injury that limited activity for more than 2 days. Subjects were
not permitted to participate if they exhibited any of the
following: lower extremity nervous impairment, previous
fractures or surgery of either ankle, or a positive ankle anterior
drawer test. 15 Before participating in the study, each subject
read and signed a consent form approved by the Brigham
Young University Institutional Review Board.
Materials and Instrumentation
We used an inversion platform with a foot-support base that
rotated 35° after a trap door was pulled out with a string to
induce sudden ankle inversion (Figures 1 and 2). The platform
base is parallel to the ground, and the subjects were tested with
a neutral plantar flexion-dorsiflexion angle. The design and
function of the platform are similar to those of platforms used
in several other studies.6'9' 16' 17 A Panasonic AG-450 shuttered
video camera (Matsushita Electric Corporation of America,
Secaucus, NJ) with the shutter speed set at 1/500 of a second
was positioned approximately 4.5 m behind the subject and 60
cm off the ground. This camera was used to record motion in
the frontal plane at 60 frames/s. We conducted a pilot test to
verify that the shutter speed of 1/500 of a second and sampling
rate of 60 Hz were adequate to avoid blurring of the motion and
to provide a sufficient number of frames to quantify the amount
and rate of inversion.

Figure 1. Inversion platform with the subject's weight placed on the
right foot and using the toes of the left foot to maintain balance.
One-half-centimeter reflective markers were placed on the rear of
the lower leg and the rear of the shoe and digitized to measure the
ankle inversion response caused by dropping the inversionplatform foot-support base. When the trap door is pulled out with
the string, the platform foot-support base rotates 35°, causing a
sudden ankle inversion.

Figure 2. Inversion platform and subject after the trap door was
released. The platform foot-support base rotates 35°, causing a
sudden ankle inversion.

Testing Protocol
The amount and rate of inversion after an unexpected
inversion were measured in subjects wearing high-top and
low-top shoes. To minimize the effects of foot movement
within the shoe during inversion testing, subjects were in
structed to tightly lace their shoes before each set of platforminversion tests. The order of treatments was counterbalanced to
control for possible order effects: odd-numbered subjects were
tested with the low-top shoes first, and even-numbered subjects
were tested with the high-top shoes first. One-half-centimeter
reflective tape markers (Figures 1 and 2) were placed on the
rear of the shoe in the center of the heel cup at the intersection
of upper and mid sole and 4 cm above the midsole upper
intersection. 18 The leg markers were placed at the center of the
posterior aspect of the lower leg, 4 cm and 8 cm above the
superior edge of the lateral malleolus. These reflective markers
were used to detect inversion-eversion of the calcaneus relative
to the lower leg when the subject was dropped into inversion.

The subjects were positioned on the inversion platform with
the lateral border of the right foot touching the side bar on the
platform. They were then instructed to put all their weight on
the right foot, using the toes of the left foot to maintain balance
and to keep all of their weight on the right foot before and after
the inversion platform dropped (Figures 1 and 2). Each subject
was given as many test drops as needed to become accustomed
with the procedure. The subjects were instructed to look
straight ahead while being tested to prevent muscle guarding.
At random intervals, the platform door was dropped. The
subject was instructed to relax the ankle and roll into the
subsequent inversion. Each trial was visually inspected to
assure that the subject kept the weight on the right foot and
maintained balance throughout the drop of the inversionplatform base. Trials in which the subject was unable to
maintain balance or the foot lost contact with the base of the
inversion platform were not analyzed. Five trials of sudden
inversion were recorded and analyzed for each shoe condition.
Shoe Design
Reebok Turf Rat Hi and Reebok Turf Rat Lo football shoes
(Reebok International LTD, Stoughton, MA) were used in this
study (Figure 3). The design of the Turf Rat upper is compa
rable with the upper in basketball shoes, except that the outer
sole has several pebble protrusions to optimize friction on an
artificial playing surface.
Data Processing and Analysis
An Ariel Video Analysis system (Ariel Dynamics, Inc, San
Diego, CA) was used to analyze all video sequences. The Ariel
hardware included a 486 AST computer and a Panasonic
AG-6750A VCR. Ariel Performance Analysis Software, ver
sion 6.5, was used for grabbing the frames and digitizing. The
Ariel video analysis system has been found in a previous
study 19 to be accurate to less than 3 mm for 3-dimensional
measurements and less than 0.3° for angular measurements.
Five trials per subject for each condition (high-top and low-top
shoes) were digitized. Digitizing was started 5 frames before
the platform dropped and continued for 35 frames after the
initiation of platform drop.
Rearfoot angles 18 from the raw x and y coordinates of the 4
landmarks (gastrocnemius muscle, Achilles tendon, and top

Figure 3. Reebok Turf Rat Hi and Reebok Turf Rat Lo football shoes
were used in this study.
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and bottom of the shoe) were calculated and smoothed using a
Butterworth second-order, recursive digital filter with a cutoff
frequency of 10 Hz. 20 We calculated the inversion-eversion
angles by subtracting the angle of the rear of the shoe to the
right horizontal from the angle of the lower leg to the right
horizontal. Inversion was represented by positive angles, and
eversion was represented by negative angles.
The amount of inversion was the difference between the
initial inversion-eversion angle (when the subject was balanced
on the inversion platform) and the maximum inversion angle
attained before reversal in the direction of ankle motion after
platform drop (Figure 4). The average rate of inversion was
calculated by dividing the amount of inversion by the time to
maximum inversion. The first central difference formula20 was
used to calculate the instantaneous rate of inversion: rate of
inversion (frame) = [(inversion angle in frame 1) — (inversion
angle in frame — l)]/Atime.
The maximum rate of inversion was defined as the maxi
mum inversion velocity attained between the drop of the
platform and the point of maximum inversion (Figure 5).

100

Maximum Inversion Velocity
of -590 °/s at 34 ms
after platform drop

-20
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Figure 5. Typical trial of the rate of inversion versus time. The
maximum rate of inversion in this trial was -590.0°/s, and it
occurred 34 milliseconds after the initiation of platform drop.

inertia of the center of mass. In the trial shown, the total
inversion of 35.3° was attained 117 milliseconds after the
Statistical Analysis
initiation of platform drop. The average rate of inversion for
A 2 X 5 factorial, repeated-measures analysis of variance this trial was 301.7°/s. Figure 5 depicts a typical trial of the rate
was used to test for significant differences (P < .05) in the of inversion versus time. The maximum rate of inversion of
amount of inversion, average rate of inversion, and maximum —590.0°/s was attained 34 milliseconds after the initiation of
rate of inversion. The within-subjects factor, shoe, consisted of platform drop.
2 levels (high top and low top). The within-subjects factor,
Means and standard deviations for the amount of inversion
trials, consisted of 5 levels. The a level was set at 0.05 for all by each shoe condition and trial are presented in Table 1. In
comparisons. The Bonferroni correction was used to control subjects wearing the low-top turf shoes, the inversion-platform
for experiment-wide error. The Tukey test was used for all post perturbation induced 42.6° of inversion, compared with 38.1°
hoc comparisons.
of inversion in subjects wearing the high-top shoes. There was
a significant difference between the high-top and low-top shoes
in the amount of inversion (F, 19 = 41.5, P < .001). When
RESULTS
subjects inverted 4.5° less than
A typical ankle inversion response after the drop of the wearing the high-top shoes,
There was no significant
shoes.
low-top
the
wearing
when
inversion-platform base is shown in Figure 4. The inversion
0.47, P = .76) and no
=
(F476
interaction
trial-by-shoe
platform foot-support base rotates 35° in 60 milliseconds; after
= 0.41, P = .81) in
(F476
trials
between
difference
significant
the platform stops, the ankle joint continues to invert due to the
the amount of inversion.
Means and standard deviations for the average rate of
inversion by each shoe condition and trial are presented in
Average Rate of Inversion
Table 2. We observed a significant shoe effect for the average
of 301.7 °/s
rate of inversion (F 1>19 = 103.0, P < .001). The high-top shoes
reduced the average rate of inversion by 73.0°/s when com
pared with the low-top shoes. There was no significant trialby-shoe interaction (F476 = 1.35, P — .26) and no significant
difference between trials (F4 76 = 0.37, P = .83) in the average
Total Inversion
rate of inversion.
of 35.3° in 117ms
Means and standard deviations for the maximum rate of
inversion by each shoe condition and trial are presented in
Table 3. A significant shoe effect for the maximum rate of
Ankle
inversion was observed (F M9 = 46.8, P < .001). The high-top
Inversion Platform
Time to Max. Inversion-
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Figure 4. Typical trial of sudden ankle inversion. Total inversion
was defined as the difference between the initial ankle inversion
angle and the final ankle inversion angle after platform drop. The
average rate of inversion was calculated by dividing the amount of
inversion by the time to maximum inversion.
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Table 1. Amount of Inversion (°) by Shoe Condition (Mean ± SD)
Trial

1
2
3
4
5
5-trial mean

High-Top Shoes
37.7
38.7
38.5
37.5
38.0
38.1

±
±
±
±
±
±

4.2
3.7
2.2
3.2
3.7
2.5*

"Means are significantly different (P < .001).

Low-Top Shoes
42.5
42.5
42.8
42.8
42.6
42.6

±
±
±
±
±
±

3.6
3.6
4.8
4.2
4.9
3.7*

Table 2. Average Rate of Inversion (°/s) by Shoe Condition
(Mean ± SD)
Trial

1
2
3
4
5
5-trial mean

High-Top Shoes
309.3
316.4
299.2
293.8
307.5
305.2

±
±
±
±
±
±

46.4
35.1
30.9
42.0
35.5
19.7*

Low-Top Shoes
371.2
373.6
382.2
381.4
382.2
378.2

±
±
±
±
±
±

46.4
41.0
42.9
43.8
52.0
33.2*

*Means are significantly different (P < .001).
Table 3. Maximum Rate of Inversion (°/s) by Shoe Condition
(Mean ± SD)
Trial

1
2
3
4
5
5-trial mean

High-Top Shoes
384.8
400.8
422.6
417.3
423.8
409.8

±
±
±
±
±
±

73.2
71.9
64.0
86.1
67.2
59.3*

Low-Top Shoes
508.6
517.4
508.1
505.6
509.8
509.9

±
±
±
±
±
±

104.2
91.5
98.5
96.8
95.8
90.9*

*Means are significantly different (P < .001).

shoes reduced the maximum rate of inversion by 100.1°/s when
compared with the low-top shoes. There was no significant
trial-by-shoe interaction (F476 = 1.29, P = .28) and no
significant difference between trials (F476 = 1.92, P = .12) in
the maximum rate of inversion.
DISCUSSION
Most ankle sprains are caused by stepping or landing on an
unexpected object underneath the medial side of the foot. The
magnitude of muscular activation about the ankle joint is
preprogrammed. Based upon previous experience, the ankle
musculature is preactivated to provide initial joint stiffness
before ground contact in running, 8'21 landing,22 and cutting.23
If an athlete wishes to minimize the potential for an ankle
sprain, he or she could simply maximally activate the ankle
joint muscles before ground contact. While this increased
muscular stiffness would protect the ankle from most inversion
injuries, it is extremely inefficient and would result in rapid
fatigue of the ankle joint muscles. The neuromuscular system
optimizes the system for efficiency rather than optimizing the
protection of the ankle from injury, and, as a result, the
muscular activation of the ankle joint is modulated to provide
ankle joint stiffness to protect the joint only from typically
imposed forces. After each step, the results of previous
contacts with the ground are evaluated, and the level of
muscular activation is then readjusted as needed. Since the
neuromuscular system does not prepare the body for an
unexpected event like landing on a rock, the initial ankle
inversion stiffness at ground contact is very low, and the rock
causes a rapid and possibly injurious inversion about the ankle
joint. Depending upon the rate and magnitude of loading, the
minimum time for the neuromuscular system to perceive the
unexpected object and generate a protective muscular response
is about 120 milliseconds. 6'24 It has often been suggested that
the ankle evertors can protect the ankle joint from inversioninduced trauma. 25"29 However, there are 2 reasons why the
peroneals provide only limited protection from an inversion
injury. First, before ground contact, the evertors are minimally

preactivated,8'21 '30 resulting in very little initial resistance to
inversion; the peroneals require approximately 120 millisec
onds to develop tension in an attempt to increase ankle joint
stiffness. 6'24 Second, most ankle sprains are the result of the
body's center of mass being laterally displaced in relation to
the vertical component of the ground reaction force, producing
a force couple that generates a far greater magnitude of torque
than the maximum that can be effectively resisted by the
peroneal muscles. 28 "32 The potential for ligamentous injury to
the ankle is high whenever the rate and magnitude of ankle
loading exceed the response time for the neuromuscular
system. It, therefore, is paramount that some type of force
bypass, such as taping, 16' 17-32 bracing,9'32'33 or wearing hightop shoes, 11 ' 12'32-34 or a combination of these, be used in
situations in which there is a high potential for injury.
High-top shoes provide increased resistance to ankle
rotation, 11 - 12-32 which may protect athletes from ankle sprains.
The results of previous investigations into the additional
inversion protection provided by high-top shoes over low-top
shoes have been inconsistent.4- "~ 13'33 Barrett and Bilisko35
found no significant difference in injury rates between players
wearing high-top and low-top shoes. However, most compar
isons between high-top and low-top shoes have shown that
high-top shoes do significantly reduce inversion. Shapiro et
al 11 demonstrated a significant increase in passive ankle
resistance to inversion moments when a high-top shoe was
worn. Ottaviani et al found that subjects could generate
29.4% greater resistance to ankle inversion with a firmly laced
three-quarter-top shoe than with a low-top shoe. High-top
shoes were found to significantly reduce inversion in lateral
cutting movements in tennis when compared with low-top
shoes. 36-37 In a later study of lateral cutting movements in floor
hockey, Stacoff et al38 observed that high-top shoes signifi
cantly improved lateral stability in cutting movements, reduc
ing the amount of inversion by approximately 6°. Avramakis et
al, 39 in a similar study of cutting movements in floor hockey,
found that high-top shoes reduced the amount of inversion by
13.8° in forward-sideward cutting movements and by 10.4° in
lateral cutting movements when compared with low-top shoes.
Garrick and Requa 13 surveyed 2562 basketball player-games
and demonstrated that the lowest ankle injury rates were
among players with high-top shoes and taped ankles, with 6.5
sprains per 1000 player-games. The highest rate of injury was
among players with low-top shoes and no tape: 33.4 sprains per
1000 player-games. Our investigation showed that the subjects
decreased their amount of inversion by 4.5° when wearing a
high-top shoe as compared with a low-top shoe. When com
pared with the low-top shoes, the high-top shoes reduced the
average rate of inversion by 73.0°/s and the maximum rate of
inversion by 100.1°/s. Vaes et al 10 suggested that slowing
down the rate of inversion may create more time for muscular
protection of the ankle joint. The importance of reducing the
rate of inversion was further clarified by Wilkerson and Nitz,40
who suggested that the torque about the weightbearing ankle
joint increases markedly as the foot moves from neutral to
maximum inversion. We believe that a reduction in the amount
and rate of inversion may allow the body's protective mecha
nisms time to respond and, depending upon the conditions of
loading, may reduce the potential for ankle sprain. The relative
importance of the loading rate upon ankle sprains can be
illustrated with a simple example. Most individuals have
experienced a "near-sprain event," in which they stepped on
the edge of a curb or a rock on the medial side of the shoe, and
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CONCLUSIONS

High-top shoes reduced the amount of inversion by 4.5°, the
maximum rate of inversion by 100.1°/s, and the average rate of
inversion by 73.0°/s when compared with low-top shoes.
Depending upon the loading conditions, subjects wearing
high-top shoes may reduce their risk of ankle sprains.
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Kinematic Magnetic Resonance Imaging of
the Effect of Bracing on Patellar Position:
Qualitative Assessment Using an Extremity
Magnetic Resonance System
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Objective: To use an extremity magnetic resonance system
to perform kinematic magnetic resonance imaging (MRI) of the
patellofemoral joint to qualitatively assess the effect of bracing
on patellar position.
Design and Setting: Subjects underwent kinematic MRI of
the symptomatic extremity with a 0.2-Tesla extremity magnetic
resonance system. Images were obtained using a knee coil and
a T1-weighted, spin echo pulse sequence.
Subjects: Seven female patients with patellofemoral joint
symptoms.
Measurements: Four different axial sections were obtained
for each position: extension and 3 positions of flexion up to 36°.
An appropriate-sized patellofemoral brace was applied, and the
kinematic MRI procedure was repeated.

P

atellofemoral joint abnormalities appear to be a cause of
anterior knee pain and affect 1 of every 4 individuals
worldwide. 1 "3 Incongruent positions of the patella in the
femoral trochlear groove are the main causes of symptomatic
patellofemoral joints. 1 "3
The use of standard radiography for diagnostic evaluation of
the patellofemoral joint has many recognized limitations and,
as such, is considered to be unreliable and relatively insensi
tive. 1 '4 " 8 In 1988, a kinematic magnetic resonance imaging
(MRI) procedure was developed to provide diagnostic infor
mation about patellar alignment and tracking during the initial
increments of joint flexion, when patellar position-related
abnormalities are most apparent.4 Since then, kinematic MRI
of the patellofemoral joint has been reported to be a sensitive
and useful technique for the assessment and characterization of
patellar alignment and tracking abnormalities.5" 16
In 1993, a low field-strength (0.2-Tesla) magnetic resonance
(MR) system became available for MR imaging of extremities.
This extremity MR system provides an accurate, reliable, and
relatively inexpensive (ie, in comparison with conventional,
whole-body MR systems) means of evaluating various types of
Address correspondence to Frank G. Shellock, PhD, FACSM, 7511
McConnell Ave, Los Angeles, CA 90045. E-mail address:
frank.shellock@gte.net. Dr. Shellock received a special, unrestricted
grant from the Lunar Corporation, Madison, Wl.
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Results: Six patients had lateral displacement of the patella,
and 1 patient had medial displacement of the patella. After
application of the brace, 6 patients (5 with lateral displacement
and 1 with medial displacement, 86%) exhibited correction (5)
or improvement (1 with lateral displacement) in the abnormal
patellar positions, and 1 patient had worsening of the abnormal
position of the patella.
Conclusions: We used kinematic MRI to determine the
presence of abnormal patellar positioning. Application of the
brace counteracted the abnormal patellar positions in most of
the patients studied.
Key Words: patellofemoral pain, anterior knee pain, patellar
alignment abnormality, medial patellar displacement, lateral
patellar displacement

musculoskeletal abnormalities. 17 25 Recently, a technique for
kinematic MRI of the patellofemoral joint was developed for
the extremity MR system.25
A variety of surgical and conservative treatment protocols
has been applied to manage patients with patellofemoral joint
pain. 1 "3 The results of these treatments are varied, and no 1
particular therapeutic technique has been found to be useful for
every patient. In general, nonoperative treatment regimens that
include physical rehabilitation, braces, taping, or a combina
tion of these are typically recommended for the initial treat
ment of patients with patellofemoral joint pain, reserving
surgical interventions for the most severe or difficult cas
es. 26 "39 A thorough evaluation of the patellofemoral joint that
includes kinematic MRI for precise characterization of patellar
positioning facilitates selection of the proper therapeutic pro
cedure for the patient with a patellofemoral joint abnormali
ty. 5"9' 11 " 14 Notably, Brown and Bradley7 have reported that
kinematic MRI of the patellofemoral joint demonstrates a
higher percentage of tracking abnormalities in symptomatic
patients than typical clinical examination criteria demonstrate.
In certain cases, once the best therapy is determined and
implemented, an additional assessment of the patellofemoral
joint with kinematic MRI can help to evaluate whether the
treatment produced the desired result. 8'9' 11 " 13 ' 15 ' 16'30 "32 Kine
matic MRI of the patellofemoral joint is frequently used after

realignment surgery or other intervention to assess the effec
tiveness of the procedure or to determine the reason for
persistent symptoms. 8' 11" 16'30 "32 Additionally, when a conser
vative treatment like bracing or taping is used, it is beneficial
to immediately determine whether there has been improvement
in displacement of the patella relative to the femoral trochlear
groove. 9' 15 ' 16'30 ""32 Otherwise, valuable time may be wasted or
unwanted cartilage contact stress may be induced, creating
another problem for the patient (eg, if bracing or taping moves
the patella in an inordinate or unacceptable manner).
Few investigations have objectively assessed the immediate
effects of braces designed to correct or improve patellar
alignment abnormalities. 16'30 "32 Therefore, the primary pur
pose of our investigation was to assess the effect of a specially
designed brace on patients with abnormal patellar positions.
Our secondary purpose was to describe the use of a dedicated
extremity MR system for determining patellar positioning.
METHODS

Study Subjects

Seven female patients (mean age = 28 years, range = 10 to
58 years) with patellofemoral joint symptoms (n — 1 patellofemoral joints) participated in this investigation. Each patient
was selected for inclusion in the study based on the presence of
the hallmark signs and symptoms of patellar maltracking and
malalignment, as assessed by an experienced (>15 years)
orthopaedic surgeon who specializes in knee and patellofemo
ral joint disorders.
Physical findings and symptoms for the patients were typical
for pathology of the patellofemoral joint and included chronic
pain (n = 7), lateral patellar facet pain on palpation (n = 5),
medial patellar facet pain on palpation (n — 5), subjective
sensation of "giving way" (n = 3), crepitus on palpation (n —
6), swelling (n = 6), history of prior displacement or disloca
tion of the patella (n = 3), and increased pain while ascending
or descending stairs (n = 6). Four patients had undergone prior
surgical procedures (3 lateral retinacular releases, 1 medial
transposition procedure). Since the primary goal of this study
was to determine whether brace application affected lateral or

medial positioning of the patella, only patients with these
abnormalities (ie, based on the findings of the kinematic MRI
procedure described below) were included in this investigation.
Extremity MR System

A 0.2-Tesla MR system (Artoscan, Lunar Corp, Madison,
WI, and Esaote, Genoa, Italy) was used for MRI. 17"25 This
MR system has a small-bore permanent magnet specially
developed to image extremities, a built-in radio frequency
shield, 3 body-part-specific radio frequency coils (small or
upper limb, standard, and large sizes), and 10-mT/m mag
netic gradients. 17"25 The body part of interest is placed
inside the magnet bore, with the patient seated or supine,
depending on the body part to be imaged.
Kinematic MRI Procedure

We used an incremental, passive-positioning, kinematic
MRI technique developed for the extremity MR system to
evaluate the patellofemoral joints. 25 This procedure involved
obtaining 4 10-mm-thick axial sections with the patellofemoral
joint extended and then imaging these same sections as the
patellofemoral joint was flexed into 3 additional equal incre
ments up to approximately 36° of flexion (a total of 4 positions
imaged). 25
The patient reclined, and the leg was placed in a leglocking movement device (Figure 1). This is a standard ac
cessory provided with the extremity MR system and is used to
position the knee for routine MRI examinations. No modifica
tions were needed to employ this device for the kinematic MRI
procedure. The leg-locking movement device was used to
extend the patellofemoral joint and then to position it into
evenly spaced, flexed-joint positions. 25 MR images were ob
tained at approximately 12° increments of joint flexion.
Images for the kinematic MRI examination were obtained
using a solenoid radio frequency coil (internal diameter 1 3.1 X
14.5 cm) and the following parameters: Tl -weighted spin
echo; axial plane; TR/TE, 70 to 120/12 to 20 milliseconds;
section thickness, 10 mm; field of view, 18 cm; matrix size,
192 X 128 pixels. MR-image acquisition time for 4 sections

Figure 1. Extremity MR system showing (A) leg-locking movement device, (B) positioning of subject's foot in device in preparation for
kinematic MRI procedure, and (C) subject placed in MR system showing various positions of the patellofemoral joint from extension to
approximately 36° of flexion.
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was approximately 12 to 25 seconds (approximate total imag
ing time for 3 sections at 4 flexed-joint positions was 48 to 100
seconds). The entire kinematic MRI procedure, including
patient set-up, could be accomplished in 15 minutes or fewer.
MR images for the kinematic MRI examinations were re
viewed in static image and cine-loop formats. 5 '9'25
Analysis of Kinematic MRI Studies
A qualitative method was used to analyze the kinematic MRI
studies because of the known limitations of quantification
techniques5 '7'9' 11 : (1) Most techniques were designed for use
with plain radiographs obtained at a single increment of joint
flexion, usually greater than 30°. These measurement tech
niques are not practical or helpful for use with the kinematic
MRI examinations, in which multiple images are obtained of
the patellofemoral joint during the earliest increments of joint
flexion. (2) Abnormal patellofemoral joints often have associ
ated anatomical irregularities (eg, dysplastic patella, dysplastic
bony anatomy, patella alta, patella baja). These conditions
preclude an accurate assessment of patellar positions with
quantification schemes because there are no consistent land
marks for proper measurement of congruent patellofemoral
anatomy. For example, in the case of patella alta, where the
patella articulates above the femoral trochlear groove during
the earliest increments of flexion, there is no way to properly
determine the position of the patella (eg, it is not possible to
measure patellar tilt or displacement because the femoral
trochlear groove landmarks are not present on the section
showing the patella). (3) Agreement is lacking on the useful
ness of any particular quantification technique for determining
patellar positions. (4) Importantly, the quantitative assessment
of patellofemoral incongruency has never been used by ortho
paedic surgeons or other clinicians to guide surgical or reha
bilitation procedures designed to treat patellofemoral joint
abnormalities.
In view of these various problems and considerations associ
ated with measurements of patellofemoral incongruency, our
group and others believe that it is more appropriate and practical
to use qualitative criteria to describe the patella relative to
the femoral trochlear groove or femoral trochlea during
joint flexion for the kinematic MRI study 4<5>7' 10' 12' 16-25 In further
support of this analysis technique, several peerreviewed studies4'5'7' 10' 12' 15' 16'25 have used this methodology for
evaluation of kinematic MRI examinations of the patellofemoral
joint. The following criteria were used to describe the position of
the patella relative to the femoral trochlear groove9' 10: (1) Normal
patellar alignment and tracking are displayed when the central
ridge of the patella is positioned in the center of the femoral
trochlear groove and this orientation is maintained throughout the
increasing increments of joint flexion, as the patella moves in a
vertical plane. (2) Lateral displacement of the patella is a form of
patellar malalignment in which the central ridge of the patella is
laterally displaced relative to the femoral trochlear groove or the
centermost part of the femoral trochlea and the lateral facet of the
patella overlaps the lateral aspect of the femoral trochlea. (3)
Medial displacement of the patella is distinguished by medial
displacement of the central ridge of the patella relative to the
femoral trochlear groove or the centermost part of the femoral
trochlea.
In addition, a qualitative comparison was made between the
patterns of patellar alignment and tracking seen with and
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without the brace applied to the patellofemoral joint. 16 A
qualitative "correction" of patellar displacement was indicated
if the patella was centralized in relation to the femoral trochlear
groove with the brace applied to the patellofemoral joint. 16
"Improvement" in patellar displacement was reflected if the
relative displacement of the subluxated patella decreased. 16
"No effect" was noted if the brace did not produce an
observable change. "Worsening" occurred if the patellar posi
tion relative to the femoral trochlear groove was further
displaced in an abnormal manner. The kinematic MRI exam
inations were reviewed in a blinded (ie, without knowledge of
whether a brace was applied or not) fashion by an experienced
(12 years) interpreter of kinematic MRI examinations.
MR images obtained from the without-brace kinematic MRI
study were compared with those of the with-brace kinematic
MRI study. Static MR images obtained from the same or
comparable section locations were verified based on qualitative
visualization of the internal anatomical structures.
Patellofemoral Brace
The OnTrack Patellofemoral Knee Brace System (OrthoRx,
Inc, San Diego, CA) was applied to the patients in this study.
This specially designed brace consists of a neoprene knee cuff,
a neoprene strap, a circular adhesive patch that is placed over
the patella, and a vastus medialis obliquus (VMO) activator
component (Figure 2). The appropriate size of the patellofemo
ral brace was selected and applied to the patient to counteract

Figure 2. Brace applied to correct lateral displacement of the
patella.

either lateral or medial displacement of the patella, based on
the findings of the kinematic MRI procedure.
For application of the patellofemoral brace, the patient was
placed in a seated position in a chair, with the affected knee
completely relaxed in full extension to permit movement of the
patella (ie, no substantial forces are acting on the patellofemo
ral joint from static or dynamic stabilizing tissues when it is
relaxed in full extension). The skin surface area of the knee
was thoroughly cleaned using alcohol. The patella was pal
pated, and a rectangular-shaped, self-adhesive patch with a
VELCRO (Velcro USA Inc, Manchester, NH) circle was
applied, such that the circle was centrally positioned on the
skin surface overlying the patella. The medial and lateral ends
of the patch were then pulled down firmly and evenly.
Next, the brace cuff was pulled on over the knee and
positioned so that the VELCRO circle on the patch corre
sponded with a small circular opening in the cuff. The
neoprene strap was applied by attaching the VELCRO on the
strap to the VELCRO on the patch. The strap, which has a split
configuration on the end, was pulled medially or laterally
(depending on whether lateral or medial displacement was
present) and secured to the knee cuff by pulling the splits of the
strap above and below the back of the knee. For each patient
with lateral displacement of the patella, once the brace was in
place, the VMO was palpated, and a hole punch was used to
make a small hole in the brace. The VMO activator component
of the brace was inserted and locked into position using a
locking washer, so that it was in direct contact with the skin
overlying the VMO. To ensure proper and consistent applica
tion of the patellofemoral brace, the same athletic trainer
(M.M.), with more than 10 years of experience in athletic
training and more than 8 hours of specific training in the
application of this brace, applied the brace to every patient in
this investigation.
Experimental Procedure
Patients were first evaluated by the orthopaedic surgeon and
selected for possible inclusion if substantial physical findings
and symptoms of patellofemoral joint pathology were present.
The patients gave verbal informed consent before participating
in this study. (Institutional review board approval was not
required because no experimental devices were used and the
MRI study was not deemed hazardous.) The kinematic MRI
examination was performed to determine the presence of
lateral or medial subluxation of the patella. If one of these
abnormal patellar positions was present, the patient had an
appropriate brace selected and applied to counteract displace
ment of the patella. The kinematic MRI procedure was re
peated to determine the effect of the brace on patellar displace
ment.
RESULTS

Technically acceptable (ie, no movement artifacts, blurring,
or other similar imaging-related problems) kinematic MRI
examinations were obtained in all patients. Six patients had
lateral patellar displacement, and 1 patient had medial patellar
displacement, determined by kinematic MRI of the patel
lofemoral joint. With the application of the brace, 6 patients (5
lateral displacements, 1 medial displacement, for a total of

86%) had correction (5) or improvement (1) in patellar
displacement, and 1 patient had worsening of the patellar
position (ie, increased lateral displacement). This latter patient
had dysplastic bony anatomy that included a shallow femoral
trochlear groove and a dysplastic patella. In addition, this
patient had undergone a prior lateral retinacular release. Figure
3 shows an example of a patient studied by kinematic MRI
without and with application of the brace. This example
illustrates a successful repositioning of the patella relative to
the femoral trochlear groove.
Each patient with corrected or improved patellar displace
ment after brace application reported a substantial reduction in
symptoms. The patient with worsening of the patellar position
did not perceive any change in symptoms.

DISCUSSION

An abnormal position of the patella relative to the femoral
trochlear groove can cause increased shearing forces and
excessive surface-to-surface contact stresses that, in turn,
produce degeneration of the articular cartilage. 27'28 Patellar
malalignment and maltracking, even if subtle, can alter the load
distribution on the patellofemoral joint and create severe pain
in the absence of a detectable cartilage lesion. 1 "3 Treatment
methods designed to centralize or improve displacement of the
patella are considered beneficial for the overall management of
patients with patellar displacement.*
Numerous types of braces, each with different features, are
available for treatment of patients with patellofemoral joint
abnormalities. 16'26 "38 Whereas various mechanisms have been
suggested to explain why braces are useful as conservative
therapy (eg, braces provide warmth to soft tissues, improve
sensory feedback, alter soft tissue tensions, etc),26 "29'33 objective
data to support the effect of braces on one of the most critical
aspects of treatment (repositioning a subluxated patella) are
lacking.
Our results revealed that application of a specialized brace
produced centralization or improvement in the position of the
patella in most of the patients studied, as shown by kinematic
MRI of the patellofemoral joint. The proposed advantages of
the brace used in this study include (1) direct attachment to the
tissue overlying the patella, thus facilitating positioning of a
subluxated patella; (2) constant application of stretch to the
lateral or medial retinaculum (ie, depending on whether the
brace is being used to treat medial or lateral displacement); (3)
remaining in place both during and after vigorous physical
activity (unpublished observations, F.G. Shellock, 1999); and
(4) for patients with lateral patellar displacement, the VMO
activator component may serve to provide tactile stimulation
and a sensation of VMO contraction, helping to maintain
medial counterbalancing forces.
Dysplastic bony anatomy and a prior lateral retinacular
release may have contributed to worsening of the patellar
position in the patient whose patellar displacement did not
improve with brace application. Anatomical features that are
not conducive to establishing and maintaining congruency
between the patella and femoral trochlear groove are associated
with brace-related as well as surgery-related "failures." 16'30
Furthermore, this example illustrates the usefulness of evalu
ating the immediate effect of applying a brace with kinematic
'References 1-3,13,14,16,27-29,32,33.
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Figure 3. A, MR image of the patellofemoral joint obtained at 36° of flexion (last image of the kinematic MRI procedure; axial plane, TR/TE,
100/20 ms; section thickness, 10 mm; field of view, 18 cm; matrix size, 192 x 128 pixels) shows severe lateral displacement of the patella.
B, Same patient after application of the brace. MR image (last image of the kinematic MRI procedure; slightly different section location)
shows the patella centralized relative to the femoral trochlear groove. C, MR image of the patellofemoral joint obtained at 24° of flexion
(second to the last image of the kinematic MRI procedure; axial plane, TR/TE, 100/20 ms; section thickness, 10 mm; field of view, 18 cm;
matrix size, 192 x 128 pixels) shows severe lateral displacement of the patella and substantial patella alta. D, Same patient after
application of the brace. Lateral displacement is improved.

MRI: the brace did not produce the desired effect and could
have caused additional problems for the patient by causing
unwanted cartilage contact stresses from the increased lateral
displacement that was imposed by the brace.
Similar to kinematic MRI of the patellofemoral joint
methods designed for use on conventional whole-body MR
systems,4 " 14 the technique we describe can be used to
determine the presence and severity of patellar malalignment and abnormal tracking patterns, as previously report
ed. 25 A major advantage of the extremity MR system is that
it can be situated in a relatively small space (approximately
100 square feet) without a special power source or radio
frequency. 23"25 This permits the installation of the extremity
MR system in a physician's office or clinic and permits
more time-efficient diagnostic assessment and management
48
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of patients. Where extremity MR systems are located in
orthopaedists' offices, the surgeons typically have relation
ships with MRI-trained radiologists, linking their sites by
teleradiology to facilitate timely and accurate interpretations
of the MR examinations.
Possible limitations of this investigation include the
study of female patients only and the small patient group. In
response, we note the known female predominance of
patellofemoral joint pathology, particularly with regard to
patellofemoral incongruency. 1 "3 '5 '7 ' 8 ' 11 ' 30 '40 Also, previ
ously, investigators studying patellar tracking abnormalities
or the effect of braces on patellar displacement have
similarly examined small numbers of patients (eg, Shellock
et al,4 1 subject; Koskinen et al, 11 11 subjects; Koskinen and

Kujula, 14 10 subjects; Worrell et al, 32 10 subjects). Further
more, we feel that our primary goal, to use the extremity MR
system to determine whether application of a special brace
could alter the abnormal position of the patella, was
accomplished. Additional studies to define the specific
aspects of the patellofemoral joint that will respond to
successful bracing (eg, anatomical features), as well as the
long-term effects of this bracing method, are warranted.
Finally, our evaluation of the patient's symptoms was
limited to the acute response while wearing the brace during
the kinematic MRI procedure. Further long-term studies should
be performed to evaluate the symptom-related aspects of this
particular brace and to determine whether the brace maintains
the patella in an improved or corrected position during vigor
ous activity.
In conclusion, we used kinematic MRI to determine the
presence of lateral or medial displacement of the patella before
and after a brace was applied in an attempt to correct patellar
malalignment. In most of the patients studied, application of
the brace counteracted the abnormal patellar positions.
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Heat Distribution in the Lower Leg from
Pulsed Short-Wave Diathermy and
Ultrasound Treatments
Candi L. Garrett, MS; David O. Draper, EdD, ATC;
Kenneth L. Knight, PhD, ATC
Brigham Young University, Provo, UT
Objective: To compare tissue temperature rise and decay
after 20-minute diathermy and ultrasound treatments.
Design and Setting: We inserted 3 26-gauge thermistor microprobes into the medial aspect of the anesthetized triceps surae
muscle at a depth of 3 cm and spaced 5 cm apart. Eight subjects
received the diathermy treatment first, followed by the ultrasound
treatment. This sequence was reversed for the remaining 8
subjects. The diathermy was applied at a frequency of 27.12 MHz
at the following settings: 800 bursts per second, 400-microsecond
burst duration, 850-microsecond interburst interval, peak root
mean square amplitude of 1 50 W per burst, and an average root
mean square output of 48 W per burst. The ultrasound was
delivered at a frequency of 1 MHz and an intensity of 1.5 W/cm2
in the continuous mode for 20 minutes over an area of 40 times the
effective radiating area. The study was performed in a ventilated
research laboratory.
Subjects: Sixteen (11 men, 5 women) healthy subjects
(mean age = 23.56 ± 4.73 years) volunteered to participate in
this study.

H

eat has been used for many years as a therapeutic
modality for the treatment of injured muscle tissue.
Heating modalities can be classified as either superfi
cial or deep heating. Examples of superficial agents include
silicate gel hot packs, whirlpool, and paraffin baths; these
modalities primarily cause an increase in skin and subcutane
ous tissue temperature in structures up to 1 cm below the skin's
surface. 1 The 2 most-recognized deep-heating modalities are
ultrasound and diathermy. Deep-heating agents can heat struc
tures at depths of 3 cm to 5 cm without overheating the
overlying structures of skin and subcutaneous tissues.2'3
When choosing the appropriate thermal modality, one must
consider not only target tissue depth, but also the location and
size of the area to be treated. An ultrasound treatment is
measured by a unit called effective radiating area (ERA). The
ERA is slightly smaller than the size of the ultrasound
transducer faceplate. Ultrasound effectively heats an area
approximately twice the size of the soundhead (a relatively
small area). 3'4 Since a diathermy applicator is relatively large
compared with an ultrasound head, both diathermy and ultra
sound effectively heat small regions of the body.5 '6 For years,
Address correspondence to Candi L. Garrett, MS, 1547 Calle Fidelidad,
Thousand Oaks, CA 91360. E-mail address: CLG2@email.byu.edu
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Measurements: We recorded baseline, final, and decay
temperatures for each of the 3 sites.
Results: The average temperature increases over baseline
temperature after pulsed short-wave diathermy were 3.02°C ±
1.02°C in site 1, 4.58°C ± 0.87°C in site 2, and 3.28°C ± 1.64°C
in site 3. The average temperature increases over baseline
temperature after ultrasound were only 0.17°C ± 0.40°C,
0.09°C ± 0.56°C, and -0.43°C ± 0.41 °C in sites 1, 2, and 3,
respectively. The temperature dropped only 1°C in 7.65 ± 4.96
minutes after pulsed short-wave diathermy.
Conclusions: We conclude that pulsed short-wave dia
thermy was more effective than 1-MHz ultrasound in heating a
large muscle mass and resulted in the muscles' retaining heat
longer.
Key Words: modalities, tissue temperature, stretching
window

it has been assumed that diathermy can heat a much larger area
than ultrasound and that the heat is retained significantly
longer. Our purpose was to compare the differences in peak
muscle temperatures obtained after a 20-minute inductance
pulsed short-wave diathermy application and a 20-minute
ultrasound application over the same size area.
METHODS

In our study, the dependent variable was change in tissue
temperature, and the 2 independent variables were site and
treatment. Site had 3 levels: proximal (probe 1), middle (probe
2), and distal (probe 3). Treatment had 2 variables: diathermy
and ultrasound.

Subjects
The Institutional Review Board at Brigham Young Univer
sity approved this study before data collection. Sixteen stu
dents (11 men, 5 women; average age = 23.56 ± 4.73 years)
volunteered to participate and gave informed consent. Subjects
were screened for allergy to lidocaine and examined for
possible contraindications such as open wounds or acute
swelling. We also measured the subjects' posterior triceps
surae muscles to make sure the diameter was no less than 10

cm and no greater than 20 cm at the widest point. This was
done to ensure that the subjects' muscle mass was large enough
to complete the procedure, as well as to eliminate subjects with
excess subcutaneous fat that could skew the results. Each
subject was assigned a code number to ensure confidentiality.
Instruments
We used the Megapulse diathermy unit (Accelerated Care
Plus-LLC, Topeka, KS) with a frequency of 27.12 MHz. This
device heats via a 200-cm2 induction coil drum electrode with
a 2-cm space plate. We used the Omnisound 3000C ultrasound
unit (Accelerated Care Plus-LLC) with a 5-cm2 transducer and
a beam nonuniformity ratio of 1.4:1. Both of these machines
were new and had been calibrated by the manufacturer before
our study. We used Aquasonic 100 gel (Parker Laboratories,
Orange, NJ) as our ultrasound couplant.
Three 26-gauge thermistor needles (Phystek MT-26/5;
Physiotemp Instruments, Clifton, NJ) were used to measure the
muscle temperature. An Isothermix (Columbus Instruments,
Columbus, OH) interfaced with a 486 computer was used to
display the temperatures in degrees Celsius every minute. The
accuracy of the temperature recordings of the probes was
within 0.1 °C, and the monitor was accurate to within 0.1 °C
(manufacturers' data). At most, the measurement error would
be ± 0.2°C.
Procedures
Each subject was asked to lie prone on the table for the
duration of the study. The subject's left medial triceps surae
complex was cleansed with alcohol. The widest portion of the
posterior surface of the muscle was determined. We used a
measuring caliper to plot medially to a depth of 3 cm in the site
where the thermistor was to be inserted and then made a pen
mark in this area (Figure 1). A template with 3 holes spaced 5
cm apart was placed on the skin, with the center hole over the
pen mark (Figure 2). Through the template, the proximal and
distal sites were marked. The template was removed, and again
the area was cleansed. An injection of 1 cc of 1% Xylocaine
(Astra USA, Inc, Westborough, MA) was administered in each
of the 3 sites. After 2 minutes, 3 sterile thermistors were
inserted with a hemostat into the triceps surae muscle in the
same holes where the injections had been given (Figure 3).

Figure 1. Medial plot to a depth of 3 cm for thermistor insertion,
with pen mark.

Figure 2. Three-hole template placed on the skin, with the center
hole over the pen mark.

Figure 3. Sterile thermistors inserted into the triceps surae muscle.

After achieving a baseline temperature (about 2 minutes'
time), a method of randomization was employed, and the
sequence of the study was determined. Each sequence con
tained a 20-minute diathermy treatment, a rest time for the
temperature to return to baseline, and a 20-minute ultrasound
treatment. Eight subjects had diathermy followed by ultra
sound, and 8 subjects had ultrasound followed by diathermy.
For the diathermy treatment, the middle of the drum was
placed directly over the middle probe (Figure 4). A 20-minute
pulsed short-wave diathermy treatment was then administered
at the following parameters: 800 bursts per second, 400microsecond burst duration, 850-microsecond interburst inter
val, peak root mean square amplitude of 150 W per burst, and
an average root mean square output of 48 W per burst. At the
end of the 20-minute treatment, the peak or terminal temper
ature was recorded, and the rate of temperature decrease was
recorded each minute until the pretreatment baseline was
reached.
The ultrasound treatment area was designated by tracing the
circumference of the diathermy drum's surface onto the skin.
The area resulted in a 40-ERA (200 cm2 surface area/5 cm2
head) treatment for ultrasound. A 20-minute ultrasound appli
cation was then given at the following parameters: continuous
1 MHz, 1.5 W/cm2, applied using longitudinal strokes at a rate
of 4 cm/s (Figure 5). We recorded temperature each minute
during the treatment and each minute after until the pretreatJournal of Athletic Training
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Table 1. Mean Temperatures at 3 Sites Using Ultrasound and
Diathermy (°C)

Ultrasound
Baseline*!
Final
Changef^
Diathermy
Baseline*t

Final
Changet§

N

Site 1

Site 2

SiteS

16
16
16

36.44 ± 0.32
36.61 ± 0.56
0.17 ± 0.40

36.36 ± 0.58
36.44 ± 0.79
0.09 ± 0.55

35.78 ± 0.73
35.30 ± 0.82
-0.43 ± 0.41

16

35.93 ± 0.60

35.67 ± 0.77

35.20 ± 0.97

16

38.94 ± 0.87

40.26 ± 0.70

16

3.02 ± 1.02

4.58 ± 0.87

38.48 ± 1.44
3.28 ± 1.63

"Ultrasound > diathermy (P < .05).
fSites 1 & 2 > site 3 (P < .05).
tDiathermy > ultrasound (P < .0001).
§Site 2 > sites 1 & 3 (P < .05).
Figure 4. The middle of the drum was placed directly over the
probe for the diathermy treatment.

ment baseline was reached. At the end of the second treatment,
the probes were removed and placed in a solution of Cidex
(Johnson & Johnson, Arlington, TX) for sterilization. The leg
was swabbed with 70% isopropyl alcohol, and bandages were
applied to each of the 3 sites.
Statistical Analysis
We computed 2 2-way analyses of variance (ANOVAs) with
repeated measures using change in tissue temperature as the
dependent variable, followed by baseline tissue temperature as
the dependent variable. Because there was a significant inter
action, the simple main effects were tested with 5 1-way
ANOVAs, 1 for each level of independent variable: ultrasound,
diathermy, site 1, site 2, and site 3. We used Tukey post hoc
tests to identify significant differences between variables.
Alpha was set at 0.05 for all comparisons. We calculated an
independent-samples t test for baseline temperatures to look at
order of treatment.
RESULTS

Diathermy heated the calf muscle significantly more than
ultrasound (F 1>75 = 409.59, P < .0001) (Table 1). We noted a
significant interaction between modality and site (F2J5 = 6.81,
P < .0019), so additional results are based on simple main-

effects testing. Site had an effect on the change in the tissue
temperature (F2>75 = 9.43, P < .0002); site 2 displayed a more
significant change in temperature than sites 1 and 3 (Tukey,
P < .05).
Overall, ultrasound baseline temperatures were greater than
diathermy baseline temperatures (F 1>75 = 31.66, P < .0001).
There was also a significant difference in baseline temperatures
among sites (F2 75 = 15.79, P < .0001). With both diathermy
and ultrasound, the baseline temperature for site 3 was less
than that for sites 1 and 2 (P < .05). Order of application
appeared to affect the results: when diathermy was adminis
tered first, a difference in baseline temperatures was found for
sites 2 (t7 = 4.04, P < .0012) and 3 (r7 = 4.41, P < .0006)
(Table 2).
Temperature decay time was calculated for all 3 sites after
diathermy and ultrasound. Ultrasound decay time averaged
14.88 ± 4.70 minutes to return to baseline temperature. After
diathermy, the temperature returned to baseline in 38.50 ±
6.61 minutes, dropping 1°C in 7.65 ± 4.96 minutes, 2°C in
16.30 ± 9.06 minutes, and 3°C in 22.8 ± 9.2 minutes.
DISCUSSION

Ultrasound uses acoustic energy, which can penetrate cell
membranes and produce an increase in tissue temperature. 1
Table 2. Mean Temperatures at 3 Sites Using Diathermy and
Ultrasound by Order (°C)

Diathermy first
Baseline
Final
Change
Diathermy second
Baseline
Final
Change
Ultrasound first
Baseline
Final
Change
Ultrasound second
Baseline
Final
Change

Figure 5. Ultrasound application.
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n

Site 1

Site 2

SiteS

8
8
8

36.20 ± 0.57
39.25 ± 0.99
3.05 ± 1.25

36.22 ± 0.51*
40.43 ± 0.86
4.21 ± 0.93

35.91 ± 0.56|
39.06 ± 1.53
3.14 ± 1.74

8
8
8

35.65 ± 0.51
38.64 ± 0.64
2.99 ± 0.81

35.13 ± 0.57
40.09 ± 0.49
4.96 ± 0.65

34.48 ± 0.74
37.90 ± 1.17
3.42 ± 1.64

8
8
8

36.44 ± 0.29
36.64 ± 0.29
0.20 ± 0.38

36.22 ± 0.54
36.30 ± 0.38
0.09 ± 0.54

35.90 ± 0.58
35.47 ± 0.55
-0.44 ± 0.44

8
8
8

36.44 ± 0.37
35.57 ± 0.76
0.14 ± 0.45

36.49 ± 0.63*
36.58 ± 1.08
0.09 ± 0.62

35.66 ± 0.87|
35.24 ± 1.06
-0.42 ± 0.42

*t7 = 4.04, P < .0012.
|f7 = 4.41, p < .0006.

Diathermy uses electromagnetic energy rather than acoustic
energy to generate heat in the body tissues due to the resistance
offered by the tissues. 3 '7 Benefits derived from a diathermy
treatment are those of heat in general: primarily tissue temper
ature rise, increased blood flow, muscle relaxation, alterations
in the physical properties of fibrous tissues, and a heightened
pain threshold. 1 '8 ' 10
The use of diathermy has dwindled dramatically since the
advent of ultrasound. 7 Its decline has sometimes been blamed
on poorly constructed machines, which yielded complaints
such as patient burns and hot spots. 11-14 Other reasons for
diathermy's drop in popularity among allied health profession
als include lack of dosage measurement, 12' 15 complexity of
efficient and effective electrode placement,7' 12 long treatment
times,2'7 overheating of subcutaneous fat,7' 16 and high cost of
equipment. 2 Since both diathermy and ultrasound are used to
increase deep muscle temperature and since ultrasound has
fewer contraindications than diathermy, clinicians have re
placed diathermy with ultrasound. As a result, ultrasound is
often overused and abused. 17' 18 In the past decade, diathermy
technology has advanced, however, so much of the research
available on diathermy is outdated. These advancements in
clude better shielding from electromagnetic waves, 19 ease of
electrode or drum placement, and a decrease in hot spots and
burns.
Our investigation expands diathermy research by identifying
situations where diathermy would be more beneficial than
ultrasound, specifically for areas of the body too large to be
effectively heated by ultrasound. Three important questions
have been answered by our study: 1) Does the entire surface of
the diathermy drum produce significant heating in deep muscle
tissue? 2) Are the heating rates of pulsed short-wave diathermy
and an ultrasound treatment over the same-size areas similar?
3) Will tissues heated by pulsed short-wave diathermy and
ultrasound over the same-size area retain heat at similar rates?
Size of Heating Area
Lehmann20 suggested that, in order to cause moderate to
vigorous heating in tissues, temperature increases of 2°C to
4°C are required. According to Michlovitz et al,21 optimal
thermal effects of increased metabolism and blood flow with
reduced pain and muscle spasm occur when peak tissue
temperatures of 40°C to 45°C are reached and maintained for
5 minutes.
As the size of the ultrasound treatment area increases, the
rate of temperature increase slows. In a recently completed
study,4 researchers looked at the differences in muscle temper
ature between a 2-ERA and a 6-ERA ultrasound treatment, at
intensities of 1.5 W/cm2 and 2.0 W/cm2 of 10 minutes'
duration. Although the 2 intensities did not result in different
muscle temperatures, a significant difference in heating did
exist between the 2 treatment sizes. The mean temperature
change from the 2-ERA treatment was 3.5°C, compared with
only 1.3°C for the 6-ERA treatment.4
Temperature changes in patellar tendons during ultrasound
are also affected by the size of the heating area. A recent study
compared ultrasound over areas of 2 ERA and 4 ERA.
Although both treatments increased patellar tendon tempera
ture, the 2-ERA treatment size produced higher temperature
increases (8.3°C) and longer heat retention than the 4-ERA
treatment size (5.0°C). 22

When we applied ultrasound to a 40-ERA treatment size,
none of the probes measured muscle temperature increases
greater than 0.2°C (Table 1). During the diathermy treatment,
however, each of the 3 probes measured muscle temperature
increases greater than 3°C (moderate to vigorous heating). Two
important conclusions with respect to treatment size can be
drawn from our study. First, 1-MHz continuous ultrasound at
1.5 W/cm2 was not effective in heating areas as large as a
diathermy drum (Figure 5). Second, diathermy heated areas as
large as the surface of the drum applicator (Figure 4).
Like the Megapulse used in our study, a typical diathermy
drum has a surface area of 200 cm2 ; ultrasound heads range
from 3 cm2 to 10 cm2 . It is not surprising, therefore, that, when
ultrasound is applied to an area the same size as a diathermy
drum, the temperature increase is negligible. Current research
in humans4'22 substantiates the recommendation that an ultra
sound treatment should cover an area no larger than 2 to 3
times the size of the transducer. When these treatment-size
recommendations are followed, vigorous heating results.
We noted that heat distribution under the diathermy drum
was not equal. The center probe measured an increase of 4.6°C,
whereas the outer probes peaked at 3.1°C and 3.4°C. We
speculate that cooling may have occurred more on the outer
edges of the heated muscle due to conduction to cooler tissues
not under the drum applicator. The tissues under the center of
the drum stayed warmer due to conduction of heat from the
surrounding tissues.
Peak Heating
The final temperatures of 40-ERA ultrasound and pulsed
short-wave diathermy of the same surface area were not equal
when we tried to heat large areas of the body. When ultrasound
treatment size is 2 ERA, the final temperatures of ultrasound
and pulsed short-wave diathermy are very similar in the center
of the respective treatment areas. During a recently completed
study,23 after 10 minutes of pulsed short-wave diathermy, the
muscle temperature increased an average of 2.87°C. After 10
minutes of 1-MHz ultrasound at 1.5 W/cm2 , the temperature
increased 3°C over baseline in an area twice the size of the
soundhead. 5 Comparing these 2 studies, we see that the heating
rates of pulsed short-wave diathermy and ultrasound are quite
similar at the center of the application when ultrasound is
applied to an area of 2 ERA.
Temperature Decay
One of the purposes of heating an area with diathermy or
ultrasound is to increase range of motion that has been limited
by periarticular connective tissue changes such as joint contracture and scar tissue. 1 '3 The period of vigorous heating when
tissues will undergo the greatest extensibility and elongation is
referred to as the "stretching window." If tissue is vigorously
heated, it becomes more pliable and less resistant to stretch.
Yet as the tissue cools, it withstands stretching and can actually
be damaged if too great a force is applied.
This concept of heat and stretch prompted 2 studies
regarding the optimal time period in which these techniques
should occur. The first study 24 involved the rate of temper
ature decay after 3-MHz ultrasound 1.2 cm deep in the
muscle. After temperature increased at least 5°C over
baseline, the ultrasound treatment was terminated, and
decay time was recorded. The temperature dropped 1°C in
Journal of Athletic Training
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1.3 minutes, on average. 24 A follow-up to this study looked
at thermal decay after a 1-MHz ultrasound treatment. 25 This
time, the temperature peaked at a 4°C increase over baseline
at a depth of 2.5 cm. At the end of the ultrasound treatment,
the average time for the temperature to drop 1°C was 2.5
minutes. The area of 1-MHz treatment retained the heat
almost twice as long as the area of 3-MHz treatment. 25
In our study, after diathermy, the temperature at the center
probe required 7.65 ± 4.96 minutes to decay 1°C; thus,
muscle heated with pulsed short-wave diathermy retained its
heat more than 3 times longer than muscle heated with
ultrasound. Why is there a longer stretching window after
pulsed short-wave diathermy? We believe this slow heat
loss is also associated with conductive heating of surround
ing tissues. When a large area is heated, the tissues at the
periphery conduct heat to the surrounding tissues; thus, they
retain heat longer. Since a pulsed short-wave diathermy
treatment produces longer heat retention than ultrasound,
clinicians using pulsed short-wave diathermy can more
effectively incorporate stretching and therapeutic exercises
into their treatment goals.
Our Results Compared With Others'

CONCLUSIONS

In the past, it has been assumed that diathermy heats a larger
area than ultrasound because the diathermy drum is larger than
the ultrasound head. This premise, however, has not been
proved until now. We were able to show that diathermy does,
in fact, heat a larger treatment area than ultrasound and would
be more effective than ultrasound in delivering heat for
conditions such as chronic hamstring pulls, low back pain, and
gluteal and piriformis muscle strains. Although ultrasound is a
good deep-heating modality for a variety of conditions, dia
thermy should be considered for its many advantages in certain
circumstances. First, diathermy appears to heat tissues at the
same rate as ultrasound, but it affects a much larger area and
the clinician need not be present during the entire treatment
session. Second, with ultrasound, as the treatment size in
creases, the rate of heating decreases. We found that diathermy
achieved vigorous heating throughout the entire treatment area,
thus enabling a large area to be effectively heated. Finally, due
to the large area that was heated, the muscle retained the heat
much longer after a diathermy treatment, thus lengthening the
stretching window.
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Duration of Maintained Hamstring Flexibility
After Cessation of an Acute Static
Stretching Protocol
Glen M. DePino, MEd, ATC; William G. Webright, MEd, ATC, PT;
Brent L. Arnold, PhD, ATC
Sports Medicine/Athletic Training Research Laboratory, University of Virginia, Charlottesville, VA
Objective: Increased muscle flexibility from static stretching
is supported by the literature, but limited research has as
sessed the duration of maintained flexibility gains in knee joint
range of motion after same-day static hamstring stretching. The
purpose of our study was to determine the duration of ham
string flexibility gains, as measured by an active knee-extension
test, after cessation of an acute static stretching protocol.
Design and Setting: All subjects performed 6 active
warm-up knee extensions, with the last repetition serving as the
baseline comparison measurement. After warm-up, the exper
imental group performed 4 30-second static stretches sepa
rated by 15-second rests.
Subjects: Thirty male subjects (age = 19.8 ± 5.1 years, ht =
179.4 ± 18.7 cm, wt = 78.5 ± 26.9 kg) with limited hamstring
flexibility of the right lower extremity were randomly assigned to
control and experimental groups.
Measurements: Postexercise active knee-extension mea
surements for both groups were recorded at 1, 3, 6, 9, 15, and
30 minutes.

Results: Tukey post hoc analysis indicated significant im
provement of knee-extension range of motion in the experi
mental group that lasted 3 minutes after cessation of the static
stretching protocol. Subsequent measurements after 3 minutes
were not statistically different from baseline. A dependent t test
revealed a significant increase in knee-extension range of
motion when comparing the first to the sixth active warm-up
repetition.
Conclusions: Our results suggest that 4 consecutive 30second static stretches enhanced hamstring flexibility (as de
termined by increased knee-extension range of motion), but
this effect lasted only 3 minutes after cessation of the stretching
protocol. Future research should examine the effect of other
stretching techniques in maintaining same-day flexibility gains.
Key Words: knee extension, knee range of motion, duration
of flexibility gains

H

niques. 9 ' 12" 14' 16 "24 However, only 3 of these studies 14'20'22
measured how long the hamstring gains were maintained,
and all 3 assessed gains after multiple-day stretching pro
grams. No study has addressed the duration of flexibility
gains immediately after cessation of a single, same-day
series of acute static stretches. Thus, the purpose of our
study was to measure the duration of hamstring flexibility
gains after cessation of a same-day static stretching proto
col.

amstring strains are a common athletic injury with a
tendency to recur. 1 "3 Lack of flexibility has been
suggested as a predisposing factor to hamstring
strains.4 " 6 Clinicians have generally considered flexibility
training to be an integral component in the prevention and
rehabilitation of injuries, as well as a method of improving
one's performance in daily activities and sports. " As clini
cians, we often provide stretching protocols to athletes with the
expectation that flexibility gains will last long enough to have
at least a temporary beneficial effect. 14' 15 For athletes to take
advantage of flexibility gains, it would be useful to know how
long these effects last. For example, the athlete who performs
a series of static stretches and then attends a team meeting or
sits on the sideline for 30 minutes may not retain the effects of
stretching when practice begins or upon entering a contest.
Previous research examining the hamstring complex has
shown that stretching increases one's range of motion,
regardless of whether the stretching technique performed is
ballistic, static, proprioceptive neuromuscular facilitation,
or modified proprioceptive neuromuscular facilitation techAddress correspondence to Brent L. Arnold, PhD, ATC, University of
Virginia, Memorial Gymnasium, Charlottesville, VA 22903. E-mail ad
dress: BLA6B@virginia.edu
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METHODS

Thirty male cadets from a collegiate military institute (age =
19.8 ± 5.1 years, ht = 179.4 ± 18.7 cm, wt = 78.5 ± 26.9 kg)
participated in this study on a volunteer basis. All subjects
were free from injury to the hamstrings and low back for the
previous 6 months. Additionally, subjects lacked at least 20° of
full extension as measured with a universal goniometer during
an active knee-extension (AKE) test. Twenty degrees was
selected to ensure a clinical limitation that would potentially
respond to the subjects' participation in a stretching program.
The study was approved by the institutional review board at the
University of Virginia, and all subjects read and signed an
informed consent form before participating.

Testing and Treatment Sequence
The 30 subjects were randomly assigned to either the control
group (n = 15) or the experimental group (n = 15). Before
baseline measures, subjects in both groups performed 6 active
knee extensions, with a 60-second rest between repetitions.
The first 5 AKEs served as warm-ups to reduce potential
effects from multiple AKEs. 25 The sixth AKE served as the
baseline trial.
The experimental group performed 4 30-second static
stretches with a 15-second rest between stretches. Immediately
after the last stretch, subjects were positioned for posttesting.
Control group subjects remained supine on the evaluation table
for the same duration (3 minutes) taken to stretch the experi
mental group. For both groups, an additional minute was used
to reposition the hip and knee flexion angles before the first
posttest measurement. Posttest measurements were taken at 1,
3, 6, 9, 15, and 30 minutes after cessation of the static
stretching protocol. One measurement was recorded at each
time interval.
Preparticipation Screening
A preparticipation screening of hamstring flexibility was
conducted using the AKE test (180° = full extension) and
measured using a clear plastic universal goniometer with 1°
increments. The stationary arm of the goniometer was placed
along the lateral femur, and the moving arm was aligned with
the lateral fibula. Subjects extended the knee to its limit of
motion. The number of degrees from full extension was
recorded.
Subject Positioning
For flexibility measures, subjects were positioned supine on
an examination table under a polyvinylchloride (PVC) pipe
frame apparatus (diameter =1.6 cm, crossbar length = 66 cm,
height = 50 cm, base length = 64 cm) for all AKE measure
ments (Figure 1). Subjects stabilized the apparatus by holding
on to the upright pipes that were on either side of the hips. The
PVC crossbar helped subjects maintain active right hip posi
tioning of 90° of flexion during the AKE movement.
We used a universal goniometer to measure a right hip
angle of 90°. Once this hip angle was determined, the PVC
apparatus was positioned to allow the distal anterior thigh to
maintain contact with the overlying crossbar. Throughout

Figure 1. Active knee-extension positioning.

the procedure, the left hip remained at 0° of flexion. After
hip positioning, we used the goniometer to position the knee
at 90° of flexion. Once this knee angle was achieved, we
placed a gravity-assisted protractor (Empire Level Manu
facturing Corp, Milwaukee, WI) on the lateral aspect of the
leg with a hook-and-loop strap 2.54 cm below the fibular
head (Figure 1) and set it to read 0°. Knee joint range of
motion was reported in degrees from full extension (ie,
180°).
Flexibility Assessment
Before testing, each subject was positioned lying on the left
side on the examination table for bony landmark identification.
The right hip and knee were flexed to 90°, simulating the
position of the AKE test. We used a black felt-tip marker to
draw a circle around the lateral femoral epicondyle, the head of
the fibula, and the lateral malleolus of the right leg. Once the
subject was placed in the supine AKE position, we palpated the
circles to verify that they identified the desired bony land
marks. This procedure was done to ensure that the same
reference points were used for hip and knee repositioning over
repeated measures.
After placement of the protractor on the proximal tibia,
each subject actively extended his lower leg. The ankle
remained in a relaxed position that was comfortable to the
subject. When the subject could not extend his lower leg any
further without his thigh's moving away from the crossbar,
he informed the examiner and held that position until a
measurement was taken. The protractor was not removed
from its position throughout the AKE pretest or posttest
period. Protractor adjustment to read 0° when the knee was
flexed to 90° was performed as needed. Subjects kept the
right hip and knee flexed with the foot flat on the table
between trials. We used the goniometer to reposition the hip
to 90° of flexion for each trial.
Stretching Protocol
The experimental group received instruction in performing
the static stretch. All stretching was performed with the right
lower extremity. Corrective verbal feedback was given
throughout the stretching protocol to ensure that proper tech
nique was maintained. The same investigator gave all instruc
tion and feedback.
The stretch was performed standing, facing a padded eval
uation table with the heel of the right limb placed on the edge
of the table in relaxed plantar flexion (Figure 2). Neutral right
hip rotation was maintained by keeping the foot pointed
straight up. The standing leg was positioned so that the left foot
was perpendicular to the table. The subject was then instructed
to bend forward at the waist. During the stretch, the subject
attempted to maintain a flat back with the pelvis in relative
anterior rotation, neutral position of the head, and full exten
sion of the stretched leg. Each subject bent forward and
stopped when a stretch sensation was experienced in the
posterior thigh. This position was maintained for 30 seconds,
measured with a wall clock positioned in front of the subject.
Between stretches, subjects were allowed to remove the leg
from the table and flex the knee.
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Knee Angles (Mean ± SD) for Control and Static Stretch Groups
Time (min)
Baseline 0
Poststretch 1
3
6
9
15
30

Figure 2. Static hamstring stretch positioning.

Reliability
Intratester reliability and standard error of measurement
were determined for the AKE test. Twelve test subjects were
randomly chosen (n — 5 control, n = 1 experimental subjects).
A total of 6 AKEs were performed as previously described in
the testing and treatment sequence. The sixth repetition was
recorded and compared with the final (sixth) AKE performed
in the pretest, which served as the second set of data. Subjects
were tested on 2 separate days and at similar times to minimize
diurnal effects.
We used the intraclass correlation coefficient 2,1 to deter
mine intratester reliability26 and the standard error of measure
ment to determine the precision of measurement. 27 The intra
class correlation coefficient and standard error of measurement
were 0.96 and 2.29°, respectively.
Data Analysis
We used a mixed-model analysis of variance (ANOVA)
with 1 between (group) and 1 within (time) factor to determine
whether there were significant differences in knee-extension
angles. The Tukey honestly significant difference (HSD) post
hoc analysis was employed to determine where significant
differences occurred. A dependent t test was used to determine
whether a significant difference existed between the first and
sixth warm-up AKEs. The a level was set a priori at P < .05
for all analyses.
RESULTS

The mean angle of knee-flexion measurements for pretest
and posttest active knee extensions are presented in the Table.
The repeated-measures ANOVA revealed a significant groupby-time interaction (F6 168 = 9.93, P < .001). Tukey HSD post
hoc analyses revealed that significant increases in knee exten
sion were maintained in the experimental group at 1 and 3
minutes after cessation of the stretching protocol and then
gradually decreased over time. The control group's knee
extension was decreased from baseline at 3 minutes and
remained decreased throughout testing. The ANOVA also
revealed a significant main effect for time (F6 , 68 = 23.49, P <
.001); however, post hoc testing failed to determine when this
occurred. The dependent t test revealed a 5.9° increase in knee
extension (r-,9 - 8.46, P < .001) from the first AKE (129.2° ±
12.2°) to the sixth AKE (135.1° ± 12.3°).
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Control
134.6
131.7
131.1
129.1
128.5
128.1
127.1

±
±
±
±
±
±
±

13.8
14.1
14.3*^
15.1*
14.0*
14.4*
13.7*

Static Stretch
135.6
142.4
141.2
138.3
135.9
134.5
134.1

±11.2
± 13.2*f
± 14.3*§
± 14.1||
± 14.2
± 12.9
± 13.6

*Significantly different from group baseline.
tKnee angle at 1 minute significantly greater than at 6, 9, 15, and 30
minutes.
tKnee angle at 3 minutes significantly greater than at 30 minutes.
§Knee angle at 3 minutes significantly greater than at 6, 9, 15, and 30
minutes.
||Knee angle at 6 minutes significantly greater than at 15 and 30
minutes.

DISCUSSION
Our major finding was that statistically significant kneeextension range-of-motion gains of 6.8° and 5.6° were main
tained at 1 and 3 minutes poststretching, respectively. The
range-of-motion gains returned to the baseline by 6 minutes
after stretching.
The inability to maintain significant knee-extension an
gles beyond 3 minutes in our study suggests that a tempo
rary creep effect occurred in which the viscoelastic compo
nent of the hamstrings was not deformed enough to produce
a permanent change. 28 '29 With respect to the contractile
component of muscle, Bohannon 17 proposed that the inabil
ity of the hip joint to maintain significant flexion angles
after hamstring stretching was due to temporary sarcomere
lengthening. Temporary sarcomere lengthening may have
occurred with our hamstring stretch subjects.
Bohannon 17 recorded 1 of 2 follow-up measurements in an
elapsed time frame similar to that incorporated in our study.
Over the course of 3 consecutive days of 8-minute passive
loading, Bohannon recorded statistically significant (P < .01)
maintained angles of hip flexion of 3.0° (day 1), 3.3° (day 2),
and 2.9° (day 3) at 10 minutes postloading. Ten minutes after
cessation of an 8-minute static stretch, Bohannon 17 recorded a
statistically significant (P < .01) maintained angle of hip
flexion of 3.0°. The return of knee extension in our study to
baseline at 6 minutes is similar to the inability of the hip joint
in Bohannon's 17 study to maintain any significant increase 10
minutes after cessation of the stretch. Although the 2 studies
differed in procedure, the results suggest that the hamstring
complex (including the hip and knee joints) may require
greater durations of stretch or increased stretching repetitions
in order to create more permanent changes in its contractile and
noncontractile components.
The ability of the stretching protocol to increase the angle of
knee extension 6.8° (at 1 minute) was slightly less than the 8.0°
and 9.2° reported by Worrell et al,24 and Sullivan et al,21
respectively. However, our study reported similar results with
fewer stretches. All 3 studies incorporated a prebaseline
warm-up, used the AKE test to measure knee joint range of
motion, and had subjects perform a static stretching protocol in
an upright position. The differences in the angle of knee
extension at 1 minute recorded by Worrell et al24 and Sullivan
et al21 may be the result of the number of stretches: 48 total
stretches (15 stretching sessions performed over a 3-week

period) and 48 total stretches (8 stretching sessions performed
over a 2-week period), respectively.
The effect of the repeated AKEs produced a 6.0° increase in
the angle of knee extension when comparing the first (129.2°
± 12.3°) with the sixth (135.1° ± 12.4°) extension. This
increase in the angle of knee extension may be due to
reciprocal inhibition of the hamstrings, resulting in their
relaxation and subsequent stretch from the quadriceps contrac
tion used to extend the lower leg. 12 Postbaseline measurements
of the control group suggest that this knee-extension angle
increase was only temporary, which may reflect a temporary
increase in sarcomere lengthening 17 and a temporary creep
effect. 28'29
Finally, the control group had decreased knee extension 6
minutes after the baseline measure (3-minute measurement
interval plus 3 minutes of lying quietly) and continued to
decline through the 30-minute measure. This phenomenon also
occurred in the stretch group. The Table reveals that the knee
extension had decreased to baseline 6 minutes poststretching
and continued to decrease. We speculate that, had the mea
surements continued beyond 30 minutes, the stretch group's
knee extension also would have decreased below baseline. The
exact reason for this is not known. However, it may represent
an increase in muscle viscosity produced during the quiet
lying. Most likely, if muscle viscosity had increased, it was due
to a decrease in muscle temperature. We placed no restrictions
on a subject's activity before beginning data collection, nor did
we wait a specified time before taking measures. Thus, it is
likely that the muscle was in a relatively warm state at the
beginning of data collection and cooled as the experiment
progressed.
CONCLUSIONS

Our results suggest that 6 repeated active knee extensions
before stretching are sufficient to increase knee joint angle and
that a protocol of 4 30-second static stretches can further
increase this angle. However, these range-of-motion gains are
only temporary and short in duration. Athletes who statically
stretch and then wait longer than 3 minutes before entering a
game or practice can expect to lose the range of motion gained.
Future research should determine whether intermittent stretch
ing or activity alone is sufficient to maintain temporary
increases in range of motion obtained from acute stretching
bouts. Research determining the most efficient type of acute
stretching to effect same-day range-of-motion increases is
warranted, as is investigation to determine the optimal duration
of stretch to produce long-term or permanent changes. Finally,
comparisons between men and women, across age groups, and
between subjects with range restriction >20° and <20° should
be performed to determine whether these findings generalize
beyond young men with a 20° or greater restriction.
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External Nasal Dilator Strips Do Not Affect
Treadmill Performance in Subjects Wearing
Mouthguards
Tom Overend, PhD, BScPT; Jorge Barrios, BScPT;
Brad McCutcheon, BScPT; Jay Sidon, BScPT
School of Physical Therapy, The University of Western Ontario, London, Ontario, Canada
Objective: To determine the effect of the Breathe Right (BR)
external nasal dilator strip on treadmill exercise performed
while wearing an upper maxillary mouthguard.
Design and Setting: Two-way repeated-measures design
with subjects acting as their own controls. Subjects performed
2 randomly assigned bouts of incremental treadmill exercise
(with and without the BR strip) while wearing upper maxillary
mouthguards.
Subjects: Nineteen young, healthy, recreationally active
men.
Measurements: We assessed subjective nasal patency lev
els at rest. We also recorded heart rate, dyspnea rating, and
treadmill speed at 2 submaximal exercise levels and at voli
tional fatigue.

E

xternal nasal dilator strips are used as ergogenic aids in
many different sports. High visibility and eloquent
endorsements by prominent professional athletes have
contributed to the increased use of these devices by both elite
and recreational competitors.
The Breathe Right (BR) external nasal dilator strip (CNS,
Inc, Chanhassen, MN) comprises 2 hypoallergenic adhesivetruss members adapted to engage the outer wall tissue of the
nasal passages. An intermediate segment composed of a
resilient material spans the nasal bridge and couples the truss
members. The BR strip is designed to slightly dilate the nares
at the anterior aspect of the nasal valve. The nasal valve
contributes a significant amount of resistance in the upper
respiratory tract 1 '2 ; thus, a small increase in nasal valve
diameter may result in a large decrease in nasal resistance.
When properly applied, the BR strip provides approximately
25 g of pulling force to open the nasal passages. 3 This
results in increases of 20% to 25% in resting nasal valve
cross-sectional area. 4 "7 Decreases of 25% to 30% have been
reported in resting nasal airway resistance after application
of the strip. 3 '6 The BR strip was originally designed to treat
patients with snoring problems and has been effective in
reducing snoring loudness and improving sleep quality. 8
Studies investigating the proposed ergogenic effects of the
BR strip during athletic performance are scarce, however, and

Results: Subjective nasal patency was significantly in
creased with the strip. Repeated-measures analyses of vari
ance revealed a significant main effect of the BR strip on
dyspnea ratings during exercise, but there was no effect of the
strip on test duration, heart rate, or running speed during the
tests.
Conclusions: Our results suggest that the BR nasal dilator
strip does not affect treadmill exercise performance in subjects
wearing mouthguards.
Key Words: dyspnea, nasal resistance, nasal airflow, exer
cise

provide conflicting results. Trocchio et al9 reported no effect of
the BR strip on maximal cycle ergometer performance. During
submaximal exercise, the nasal strips produced lower per
ceived exertion, heart rate, ventilation, and oxygen consump
tion.4 A recent study, 10 also involving submaximal exercise,
provided contradictory results, its authors concluding that the
BR strip has no effect on either ventilation or perceived
exertion. Further research with both maximal and submaximal
exercise is required to clarify these initial results.
Mouthguards, required or recommended for protection in
many sports, create an oral obstruction to breathing and, thus,
may be viewed by athletes as detrimental to their performance.
Previous studies have documented noncompliance with mouthguard wear for reasons related to breathing difficulties. 11 ' 12
Decreases in both forced expiratory volume and peak expira
tory flow rates in healthy individuals wearing upper maxillary
mouthguards have also been reported. 13
Breathing through the nose allows the incoming air to be
warmed and humidified as it passes through the turbinates
inside the nose. In addition, nasal breathing helps to filter the
air by trapping dust particles in the nasal cilia and mucosa. 14
Because nasal breathing has some advantages over oral breath
ing, any device purporting to increase nasal air flow might,
thus, be of interest to athletes in sports in which mouthguards
are either mandatory or recommended.
Although it has been shown that the BR strip is effective in
increasing
nasal valve area and decreasing nasal resistance at
Address correspondence to Tom Overend, PhD, BScPT, School of
rest,3"7 a paucity of evidence supports any claims of enhanced
Physical Therapy, The University of Western Ontario, London, Ontario,
Canada N6G 1H1. E-mail address: toverend@julian.uwo.ca.
exercise performance, especially when the oral airway is
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partially occluded, such as with use of a mouthguard. Thus, the
purpose of our study was to determine the effect of the BR strip
on subjects performing treadmill exercise while wearing an
upper maxillary mouthguard.

screw in each slit with a piece of red string connecting the 2
and reinforced the screws posteriorly in such a way that the red
string, which was viewed by the subjects, remained horizontal
as the dyspnea indicator ascended the scale. The back of the
scale was divided into 20 1-cm increments, which allowed us
to convert the subjects' dyspnea ratings into numeric values.
METHODS
We gave the subjects a warm-up protocol consisting of
hamstring, quadriceps, triceps surae, and hip-flexor stretches,
Subjects
followed by a period of orientation to the treadmill and to the
We recruited 20 healthy, nonsmoking, recreationally active mouthguard. Three of the subjects were familiar with mouth(not in formal training for any sport) men (age = 23.3 ± 2.0 guard use from previous sport experience. The progressive
years, weight = 74.0 ± 8.9 kg, height = 177.8 ± 5.2 cm) from treadmill test consisted of a modified ramp protocol starting at
a university community, who provided their written informed a 3.0% grade and a speed of 4.83 kph (3.0 mph). We increased
consent to participate. Exclusion criteria included any of the speed by 0.32 kph (0.2 mph) every 15 seconds. Pilot testing
following: 1) previous use of BR strips, 2) history of persistent indicated that this protocol would produce volitional fatigue
nasal obstruction, 3) current cold or any other upper respiratory within 8 to 12 minutes, which is the recommended duration for
tract infection, 4) previous nasal surgery, 5) nasal allergic such exercise tests. 16 We instructed subjects to indicate (by
disorders, 6) history of cardiovascular or respiratory disease, tapping a designated spot on the front bar of the treadmill)
and 7) any orthopaedic condition that would limit treadmill when they first felt the desire to remove the mouthguard. The
exercise. The University of Western Ontario's Review Board tests terminated at the point of volitional fatigue (indicated by
for Health Sciences Research Involving Human Subjects ap the subject's raising the right hand). We recorded heart rate
(HR, beats/min) (BCI 3101 Oximeter/electrocardiogram; Bioproved the study protocol.
chem International Inc, Waukesha, WI), dyspnea rating (scored
out of 20), exercise time (minutes), and running speed (kph) at
Materials
3 exercise levels during each test: 1) the transition between
walking
and jogging, 2) the time when the subject indicated the
CNS, Inc, provided 2 sizes of BR strips (small-medium and
medium-large) for the study. These sizes were appropriate for desire to remove the mouthguard, and 3) volitional fatigue. We
the noses of our subjects, who were of average height and allowed subjects to rest for a minimum of 20 (mean, 21.6)
weight. We applied the strips according to the manufacturer's minutes between tests or until the HR returned to within 10
instructions. We purchased commonly available over-the- beats/min of the baseline level. Pilot testing (n = 5) indicated
counter mouthguards. The mouthguards consisted of a single that this length rest period was sufficient to permit a second
exercise test of similar duration.
upper maxillary guard made of a soft plastic material.
Procedures
During 1 session in an air-conditioned laboratory (tempera
ture = 21.1°C ± 0.4°C), subjects performed 2 bouts of
progressive exercise to fatigue on a treadmill (Case 15;
Marquette Electronics, Milwaukee, WI), with and without the
BR strip. Subjects were at least 2 hours postprandial and were
asked not to do any formal exercise before testing. Using a
table of random numbers, we assigned the first 10 subjects to
either the control (no-strip) condition or the nasal-dilator
condition before the first bout of exercise. To ensure a
balanced experimental design, we assigned the next 10 subjects
to the opposite order of tests such that subjects 11 through 20
performed tests in opposite order from subjects 1 through 10.
We did not tell the subjects about the specific experimental
aims or anticipated results.
We assessed subjective levels of nasal patency at rest on a
10-point scale with anchors of 1 (extremely hard to breathe)
and 10 (extremely easy to breathe). We recorded this measure
for both nostrils and for the left (right nostril occluded) and
right (left nostril occluded) nostrils before and after application
of the BR strip. We told the subjects to give a score of 5 to the
condition in which they were breathing with both nostrils,
without the BR strip. The subjects scored all other conditions
in comparison with this default rating.
We instructed subjects in the use of a vertical analogue
dyspnea scale. 15 This scale consists of 2 vertical 20-cm slits on
a piece of rigid cardboard. "No shortness of breath" and
"shortness of breath as bad as can be" were the descriptors on
the bottom and top of the scale, respectively. We placed a

Data Analysis
We used SigmaStat software (version 2.0, 1995; Jandel
Scientific, San Rafael, CA) for all statistical tests. We per
formed a 2-way repeated-measures analysis of variance (2 test
conditions by 3 exercise levels) to test for statistically signif
icant differences in HR, dyspnea rating, exercise time, and
running speed. If the F ratio was significant, we compared
selected means using Newman-Keuls post hoc tests. We
determined differences between test conditions in subjective
levels of nasal patency with the Wilcoxon signed-rank test. We
set the critical value for statistical significance for all tests at
P < .05.
RESULTS

All subjects completed the tests without incident. The strips
stayed in place during the exercise tests, and no subjects
reported any skin reaction to the adhesive. Data for 1 subject
were incomplete, and, thus, our analyses were based on data
from the 19 remaining subjects.
Application of the BR strip resulted in significant (P < .001)
increases in subjective estimates of resting nasal patency
(Table 1). Percentage increases ranged from 26% to 33%, with
the greatest increase occurring in the right nostril (left nostril
occluded).
The transition from walking to jogging occurred at approx
imately 25% of the total test duration and at about 70% peak
HR. The time when the subjects first indicated the desire to
remove the mouthguard was at approximately 75% of the total
Journal of Athletic Training
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Table 1. Subjective Estimates of Nasal Patency at Rest (Mean ±
SD)

No strip
BR strip
Change (%)

Both Nostrils

Right Nostril

Left Nostril

5.0*

3.6 ± 0.8
4.8 ± 0.9t
+33

3.8 ± 0.8
4.8 ± 0.9|
+26

6.4 ± 1.3f
+28

This condition was assigned a baseline value of 5 on the 10-point
scale.
tSignificantly greater than without the BR strip (P < .001).

One

Two

Three

Exercise Level
Main effect of the BR strip on subjective dyspnea rating (means
and SDs, P = .037, n = 19) in subjects performing progressive
treadmill exercise while wearing mouthguards. One, exercise level
at the walk-to-jog transition; Two, level when subjects indicated
the desire to remove the mouthguard; Three, volitional fatigue.
There was no interaction between test condition and exercise level
(P = .059).

test duration and at about 90% peak HR. The walk-to-jog
transition always preceded the desire to remove the mouthguard. We found no significant difference in test duration
between test conditions at these 2 submaximal exercise levels.
As expected with an incremental exercise test, we found
significant increases in HR (F2,36 = 123.8, P < .001), dyspnea
rating (F236 = 174.0, P < .001), exercise time (F236 = 160.2,
P < .001), and running speed (F236 = 167.8, P < .001) and
across the 3 exercise levels (Table 2). We also found a
significant main effect of test condition (strip versus no strip)
for dyspnea rating (F 118 = 5.1, P = .037) averaged across all
3 exercise levels (strip - 9.7 ± 2.2, no strip = 10.8 ± 2.2)
Table 2. Heart Rate, Dyspnea Level, Exercise Time, and Running
Speed During a Progressive Treadmill Exercise Test (Mean ± SD)
Exercise Level

BR Strip

Walk -^ jog transition (—70% peak HR)
135 ± 14
Heart rate (beats/min)
2.9 ± 1.9
Dyspnea level (20-point scale)
2.12 ± 0.42
Exercise time (min)
Running speed (kph)
7.56 ± 0.48
Desire to remove mouthguard
(-90% peak HR)
Heart rate (beats/min)
175 ± 16
Dyspnea level (20-point scale)
10.9 ± 3.0
Exercise time (min)
6.13 ± 1.51
Running speed (kph)
12.71 ± 1.92
Volitional fatigue
Heart rate (beats/min)
189 ± 8
Dyspnea level (20-point scale)
15.5 ± 3.6
Exercise time (min)
8.34 ± 1.52
Running speed (kph)
15.46± 1.77
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Control
132
2.9
2.05
7.40

±
±
±
±

13
1.7
0.43
0.48

171
12.3
6.11
12.71

±
±
±
±

17
4.0
1.84
2.41

187 ±
16.5±
8.25 ±
15.29 ±

9
3.0
1.44
1.77

(Figure). No interaction between test condition and exercise
level for any of our variables was noted.
DISCUSSION

Mouthguards are required or recommended in contact sports
demanding high levels of anaerobic (eg, football, boxing) and
anaerobic and aerobic (eg, lacrosse, rugby, hockey) energy
supply. Our results suggest that the BR strip did not affect
performance at either maximal or submaximal intensities of
treadmill exercise in individuals wearing upper maxillary
mouthguards. To our knowledge, no previous study has exam
ined the effect of the BR strip on aerobic exercise performance
in subjects wearing mouthguards. Whereas no data were,
therefore, available for direct comparison with our results, 3
recent studies have examined the effect of the BR strips on
aerobic exercise without mouthguards. In the first study,9 16
collegiate male athletes exercised to maximum using a ramped
cycle ergometer protocol. Test durations were about 50%
longer than in our study, and no HR or ventilation data were
reported. No effect of the strip on Vo2max, maximal respiratory
exchange ratio, or maximal work rate was found, and the
authors concluded that the BR strip did not increase oxygenation. However, all 16 subjects reported that the BR strip did
open up their nasal passages in some way.
In the second study,4 20 male and 10 female subjects
exercised on cycle ergometers at 2 submaximal work rates (100
W and 150 W). No details were provided regarding the training
status of the subjects, although 4 were unable to complete the
protocol. The BR strip was associated with significantly lower
Vo2 and ventilation at both work rates and a lower HR at the
higher work rate. No difference in maximal respiratory ex
change ratio was seen at either work rate. The BR strip was
also associated with decreased ratings of perceived exertion at
both work rates. This last result conflicts with previous studies,
which found that the BR strip had no effect on ratings of
perceived exertion during either steady-state 17 or maximal 18
exercise. Griffin et al4 concluded that the increased nasal valve
cross-sectional area afforded by the BR strip translated into a
physiologic advantage in submaximal exercise.
The third study assessed the effect of the BR strip on 2
submaximal, steady-state exercise intensities in college run
ners. 10 No change in either ventilation or ratings of perceived
exertion was associated with use of the strip, and the authors
concluded that the strip did not increase oxygenation.
Taken together, these 3 studies indicate that the BR nasal
dilator strip has little or no effect on exercise performed
without a mouthguard. We cannot directly compare our results
with previous work due to numerous differences in subjects,
testing modes, and test protocols. However, it could be
hypothesized that the partial oral occlusion caused by the
mouthguard should have made it easier to detect any effect of
the BR strip, since increased nasal ventilation might then
become more important to exercise performance. Thus, it is
noteworthy that we observed no effect of the BR strip on
exercise performance in our study.
The main limitation of our study is that we did not obtain
direct measures of ventilation or metabolism (Vo2) during our
exercise tests. This limits the degree to which we are able to
explain mechanisms underlying the observed responses. As
noted above, previous studies (without mouthguards) have
found both a positive effect4 and no effect 10 of the BR strip on
submaximal ventilation, along with no effect9 on maximal Vo2

and a positive effect4 on submaximal Vo2 . Objective measures
of ventilation, Vo2 , and the respiratory exchange ratio would
have improved comparison with these previous results and
helped to provide a better description of the relative physio
logic stress during strip and no-strip conditions at both submaximal exercise levels and at volitional fatigue.
We did find a significant effect of the BR strip on dyspnea
level averaged across all 3 exercise levels (P = .037). Whereas
the interaction between test condition and exercise level for
dyspnea (Figure) did not reach significance (P = .059), it was
close enough to suggest a possible link between use of the strip
and lower dyspnea ratings during exercise. Inspection of the
Figure reveals that dyspnea ratings were identical at the
walk-jog transition, but were lower with the BR strip at higher
exercise levels. Thus, to some degree, our data may support
previous results4 in suggesting a possible relationship between
the BR strip and ventilation during exercise. Further studies are
required to clarify this relationship, and both ventilation and
oxygen consumption should be measured directly in such
work.
The BR strips produced an increase in subjective resting
nasal patency level. This increase was significant for
nostrils both together and separately. Our nasal patency results
are supported by those of 2 previous studies7' 19 in which visual
analogue scales were used to evaluate the effect of the BR strip
on subjective sensations of nasal obstruction. This perceived
improvement during resting breathing probably explains the
popularity of the BR strip, although it remains to be shown that
changes in resting nasal patency can affect exercise perfor
mance. One study6 has assessed nasal patency during exercise.
Nineteen of 20 subjects perceived an improvement in nasal
breathing during exercise at 70% predicted HRmax , but exercise
performance was not evaluated in this study.
Two reasons may explain why the BR strip does not seem to
affect exercise performance in subjects wearing mouthguards.
The first is that nasal resistance decreases substantially during
exercise,
independent of any effect of the strip. The
decrease in nasal resistance is related to exercise intensity,
ranges in extent up to 50%,6'22 and has been linked to reduced
blood flow and blood content of the nasal mucosa23 and
increased activation of the nasal dilator muscles. 24 Since
decreases of 25% to 30% in resting nasal resistance have been
reported with the BR strip,3'6 the natural exercise-induced
decrease may more than compensate for any advantage pro
vided by the BR strip. It is not known whether the exercise
and nasal dilator strip effects are additive, since previous
studies have provided evidence both for6 and against25 this
hypothesis.
A second reason for the lack of effect of the BR strip may be
that healthy, untrained young humans are not usually limited
by pulmonary ventilation during exercise. Although a ventilatory exercise limitation has been shown in highly trained
endurance athletes,26 this is not a problem for untrained
individuals. 27 Thus, in healthy, untrained subjects wearing
upper maxillary mouthguards, any increase in exercise venti
lation provided by the BR strip might not be critical to
performance.
In conclusion, the BR external nasal dilator strip does not
appear to affect treadmill performance in individuals wearing
upper maxillary mouthguards. Explanations for this may in
clude the decrease in nasal resistance occurring naturally
during exercise and the lack of a ventilatory exercise limitation
in healthy, untrained humans. Thus, the theoretical advantage

relating to the decreased nasal resistance provided by the BR
strips may be of little functional importance to most people
during exercise while wearing mouthguards.
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The Efficacy of the Rapid Form Cervical
Vacuum Immobilizer in Cervical Spine
Immobilization of the Equipped Football
Player
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Katie Walsh, EdD, ATCi
*Oklahoma State University, Stillwater, OK; "("California State University-Fullerton, Fullerton, CA; £East Carolina
University, Greenville, NC
Objective: To determine the effectiveness of the Rapid Form
Cervical Vacuum Immobilizer in controlling the cervical spine
movements of a football player wearing shoulder pads and a
helmet.
Design and Setting: We used a 1-group, repeatedmeasures experimental design to radiographically assess cer
vical spine range of motion with and without the Rapid Form
Cervical Vacuum Immobilizer. Two experimental conditions
(with and without vacuum splint) were applied to 10 subjects in
a repeated-measures design. Each subject was radiographed
in cervical forward flexion, extension, and lateral flexion under
each experimental condition.
Subjects: Ten healthy male subjects without a history of
cervical spine pathology or abnormality volunteered for this
study.
Measurements: Cervical forward flexion, extension, and
lateral flexion range of motion were compared under both
treatment conditions. Joint angles were determined by straight
edge tangential lines drawn on the radiographs along the
foramen magnum, inferior ring border of the atlas, and along

E

ach year approximately 10000 cases of spinal injury
occur in the United States, 10% of those during athletic
participation. 1 Recent studies indicate that one half of all
spine injuries occur in the cervical region and often result in
quadriplegia. 2 In competitive athletics such as football, the
cervical spine is subjected to repeated episodes of axial
loading, resulting in possible microtrauma or macrotrauma to
the cervical spine. Cervical spine injuries in football are rare
when compared with the large number of athletes competing
annually. 3 Cervical quadriplegia from participation in compet
itive football during 1977 through 1993 occurred in approxi
mately 9 patients per year,4 " 6 although, according to the
National Football Head and Neck Injury Registry, there were
32 incidents of serious cervical spine injuries in 1987.7'8
Serious cervical spine injury can result from fracture, subluxation, dislocation, or any combination of these to the
Address correspondence to Jack Ransone, PhD, ATC, School of
Applied Health and Educational Psychology, Oklahoma State Univer
sity, Stillwater, OK 74078. E-mail address: ransone@okstate.edu

the inferior tips of the 2nd through 7th vertebral bodies. The
total range of motion was determined and compared with the
treatment condition by multiple paired t tests.
Results: The Cervical Vacuum Immobilizer limited cervical
spine range of motion in forward flexion, extension, and lateral
flexion. The secondary statistical analysis for the effect size
determined that each group had a large effect size, indicating
that the power of the experimental or vacuum splint group was
high.
Conclusions: We found that the Cervical Vacuum Immobi
lizer limited cervical spine range of motion in forward flexion,
extension, and lateral flexion. The Cervical Vacuum Immobilizer
can be easily placed on an injured, fully equipped football
player and serves to limit cervical spine range of motion while
the athlete is immobilized and transported. Future research
should determine how the Cervical Vacuum Immobilizer limits
range of motion with the athlete immobilized to the spine board.
Key Words: athletic training, radiography, safety equipment,
spinal cord injury

vertebral body or related spinal structures. 9' 10 Neurologic
damage occurs in 39% of patients with cervical spine fractures,
and, when this injury involves the vertebral body or the
posterior vertebra, the chance of associated neurologic damage
increases to 70%. 9 The integrity of the spine may be compro
mised during transportation of the injured athlete, and any
unwanted cervical movement may cause paralysis or death.' '2
Neurologic damage associated with cervical spine injury oc
curs in 25% of patients during immobilization and transport. 11
Immobilization of an athlete with a suspected cervical injury
serves to minimize the risk of further injury before and during
transport and treatment.6' 12' 13 Typically, a rigid cervical collar
will maintain cervical spine stability during transporta
tion, 14 " 16 although, for a football player wearing a helmet and
shoulder pads, a rigid cervical collar may not fit adequately due
to the bulkiness of the equipment. Alternative methods of
immobilization, such as sand bags and straps, are typically
employed in an attempt to limit cervical spine motion while on
a spine board. 17' 18 Soft cervical collars provide little benefit in
restricting motion beyond 5% to 10% of cervical moJournal of Athletic Training
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tion. 1,19,20 The Rapid Form Cervical Vacuum Immobilizer
(Cramer Products Inc, Gardner, KS) was designed to provide
greater cervical spine stabilization than soft or rigid orthoses.
The Cervical Vacuum Immobilizer can easily be applied to
an athlete wearing a football helmet and shoulder pads. The
value of the Cervical Vacuum Immobilizer is in restricting
cervical movement before and during spine boarding and
transport in order to limit the risk of further damage. The
purpose of our study was to measure the effectiveness of the
Cervical Vacuum Immobilizer in controlling forward flexion,
extension, and lateral movements of the cervical spine in a
football player wearing a helmet and shoulder pads.
METHODS

Subjects and Design

Ten male subjects (age = 26.3 ± 2.26 years, ht = 179.32 ±
6.48 cm, wt = 84.46 ± 8.26 kg) with previous competitive
football experience and without a history of cervical spine
pathology or abnormality volunteered for this study. Each
subject received information regarding the risks and benefits of
the investigation and gave written consent to participate. All
subjects completed demographic and medical history forms
before the actual data collection. All procedures were approved
by the Oklahoma State University Institutional Review Board.
This study involved a 1-group, repeated-measures experi
mental research design, with the subjects acting as their own
controls. Each subject was tested under 2 experimental condi
tions: with and without the Cervical Vacuum Immobilizer. The
repeated-measures design included a set of radiographs taken
in forward flexion, extension, and lateral flexion, with the
football helmet and shoulder pads in place. The treatment was
the addition of the Cervical Vacuum Immobilizer. Each subject
served as his own control, with the dependent variable being
the cervical spine range of motion. The independent variable
was the degree of cervical immobilization provided by the
vacuum splint.
Procedures

The subjects reported to a licensed medical facility at a
predetermined date and time. Each subject wore an Air2
football helmet (Schutt Products, Litchfield, IL) and a pair of
Douglas Model 56Z football shoulder pads (Douglas Equip
ment, Houston, TX), properly fitted to the subject by the
principal investigator using techniques described by the man
ufacturer. The face mask was removed to allow each subject
full movement of the cervical spine. In addition, the face mask
could interfere with the radiographic image of the cervical
spine. Each subject sat in a chair with the chest strapped to the
chair, isolating cervical movement from thoracic movement.
Lead shielding protected the pelvic region from radiation
exposure. To visualize the entire cervical spine, lateral radiographic images were taken using low-radiation Kodak
TML/RA film (Eastman-Kodak, Rochester, NY) with a Picker
Model GX550 radiograph (Picker Health Care Products,
Cleveland, OH) following identical parameters for each sub
ject. A certified x-ray technician took all radiographs, with the
principal investigator present at all filming. The total dosage
for all radiographs was within 0.18 to 1.0 rad, an acceptable
range as determined by the University Institutional Review
Board.
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Injuries involving a possible spine injury are best splinted
using a spine board. 1 '6' 11 ' 12' 15 The injured athlete should be
secured to a spine board while lying in a neutral position with
the cervical spine stabilized. 6' 11 ' 13" 16 To adequately evaluate
cervical spine range of motion, the subjects were placed in a
sitting position to allow full cervical forward flexion, exten
sion, and lateral flexion without impedance by the face mask or
spine board. A subject secured to a spine board would be
limited in his ability to extend the cervical spine beyond the
neutral position.
Order of cervical spine movements and experimental con
ditions (with and without Cervical Vacuum Immobilizer) was
selected for each subject. The subject flexed his neck forward
as far as possible without moving his back away from the chair.
A lateral view radiograph was taken of the subject's neck in
this position. Each subject extended his neck as far back as
possible without arching his back from the chair. Another
lateral radiograph was taken of the subject's neck in this
position. The subject placed his head into maximal lateral
flexion (left or right position randomly chosen by the investiga
tor). The subject held an occlusal radiopaque marker in his teeth
as an anterior-posterior radiograph was taken in this position.
The first set of x-ray films examined normal range of motion
of each subject with football helmet and shoulder pads in place.
Subsequent radiographs were taken with the Cervical Vacuum
Immobilizer around the neck and helmet of the subject, secured
according to the manufacturer's specifications, with an addi
tional VELCRO (Velcro USA Inc, Manchester, NH) strap
provided by the manufacturer. The air within the vacuum splint
was removed according to the manufacturer's guidelines. The
subjects repeated the motions as described earlier, and radio
graphs were taken in each of the 3 positions (Figure 1). Confi
dentiality was maintained during testing, with each subject's
assigned code number placed on the radiographs instead of the
subject's name. The x-ray technician retained the only copy of the
key, which identified each subject and his code number.
Johnson et al20 developed the method for determining
cervical spine forward flexion, extension, and lateral flexion
range of motion used in this investigation. We drew straight
edge tangential lines on the radiographs at the base of the skull
along the foramen magnum and the inferior border of the ring
of the atlas and along the inferior edges of the C2-C7 vertebral
bodies, extended until each line intersected with the line below
it. The measured angles of these intersections determined
forward flexion or extension of each individual vertebra. Lines
that intersected anteriorly to the vertebra were forward flexion
angles, whereas lines intersecting posteriorly identified exten
sion angles. The sum of all the measured angles determined the
degrees of total cervical forward flexion or extension.
Anterior-posterior radiographs measured lateral flexion of
the radiopaque marker held by the subject's teeth extended to
intersect with a line drawn on the radiograph along the superior
margin of the transverse processes of Tl. The angle of these 2
lines reflected the lateral flexion attained by each subject.

Statistical Analysis
Descriptive statistics detailed each subject's forward flexion,
extension, and lateral flexion individually, with and without the
vacuum splint. The total recorded degrees of cervical forward
flexion, extension, and lateral flexion determined total cervical
spine range of motion for each subject. A comparison between
each subject's total range of motion without the vacuum splint

Figure 1. Cervical spine motion with football helmet and shoulder pads in place. A, cervical forward flexion; B, normal anatomical position;
C, cervical extension.

and total range of motion with the vacuum splint was accom
plished using a paired t test. The a level for all tests was set at
0.05. We used additional statistical analysis to evaluate be
tween-test reliability and to determine the effect size for the
inferential power of the sample size. 21 The between-test
reliability determines the relationship between the control and
experimental variables. The effect size allows inference by
determining the practical importance unaffected by the number
of the participants in the study.

We performed additional statistical analysis for the effect size
to determine the inferential power of the sample size. The
effect sizes for the forward flexion, extension, and lateral
flexion groups were 1.89, 2.13, and 2.00, respectively. All 3
effect sizes were considered large in inferential power of the
sample size. 21 The fact that all groups had a large effect size
indicates that the power of the experimental or vacuum splint
group was high.
DISCUSSION

RESULTS

Each subject's total cervical spine range of motion without the
vacuum splint was compared with his total range of motion with
the vacuum splint. Cervical spine forward flexion range of motion
(tg = -4.73, P < .001), extension range of motion (t9 = -12.22,
P < .001), and lateral flexion range of motion (t9 = — 8.61, P <
.001) were all significantly different (Figure 2).
We performed a statistical analysis using a reliability anal
ysis scale (a) to determine the between-test reliability for
cervical spine range of motion. The correlations among the
cervical spine range-of-motion variables revealed a strong
relationship between the control and experimental groups. The
cervical spine forward flexion range of motion with the
vacuum splint was correlated with the range of motion without
the use of the vacuum splint, r = 0.7254, sharing 52.6% of the
variance. The cervical spine extension range of motion with the
vacuum splint was correlated with the range of motion without
the use of the vacuum splint, r = 0.8970, sharing 80.4% of the
variance. The cervical spine lateral flexion range of motion
with the vacuum splint was correlated with the range of motion
without the use of the vacuum splint, r = 0.8262, sharing
68.3% of the variance. In general, the measurements taken with
the vacuum splint had a strong relationship with the range of
motion without the use of the vacuum splint, supporting strong
between-test reliability for the measurements of both groups.

Catastrophic cervical spine injuries are rare in all levels of
competitive football. 3 ' 18 However, the certified athletic trainer
and emergency medical personnel must be prepared for such an
occurrence. Extra care needs to be taken in transporting
victims, such as football players wearing bulky equipment.
Traditional rigid cervical collars do not fit properly on a
football player with the helmet and shoulder pads in place. 17
To date, no research exists on the Cervical Vacuum Immobilizer and its efficacy in providing stability to the cervical spine
of an equipped football player.
The purpose of our study was to determine the effectiveness of
the Cervical Vacuum Immobilizer in controlling cervical spine
movements of a football player wearing a helmet and shoulder
pads. Each subject's range of motion was measured radiographically under both treatment conditions. Use of the Cervical
Vacuum Immobilizer significantly decreased cervical spine for
ward flexion, extension, and lateral flexion range of motion in the
equipped football player.
Patel and Rund22 described the emergency medical techni
cians' guidelines for the management of motorcycle crash
victims wearing helmets. These technicians typically remove
the helmet before transport because the solid face guard may
restrict access to the victim's airway. In addition, helmet
removal allows for further assessment of the head and neutral
alignment of the cervical spine during transport. 23 These same
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Standard Deviation
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Flexion +
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Figure 2. Cervical spine range of motion with and without the Cervical Vacuum Immobilizer.

principles, however, may not pertain to football helmets.
Football helmets fit more tightly than motorcycle helmets and
are typically fitted to the player by a qualified equipment
manager. While the athlete is supine, the helmet raises the
head, and the shoulder pads raise the shoulders, placing the
cervical spine in a neutral position.6' 15 Removal of the football
helmet before transport involves unnecessary movement of the
head and cervical spine, risking the possibility of further
injury.22'24 Removal of the helmet alone allows the head to fall
back, hyperextending the neck.6' 15 '25'26
Feld and Blanc26 indicated that victims of traffic accidents
who are wearing motorcycle helmets are subject to facial
injuries and skull fractures. Football players are not typically
subjected to such forces, and the incidence of significant facial
soft tissue injuries, depressed skull fractures, or other types
of trauma is negligible.26 The face mask on a football helmet
allows visualization of the face and provides access to the
airway. The ears are visible through the ear holes, and the
cervical spine can be palpated with the helmet still in
place. 1 '6'24
It is essential that the cervical spine be stabilized before
transport to a medical facility. Rigid cervical collars provide
significant immobilization in most victims, but, as already
noted, these types of rigid collars will not fit adequately on the
equipped football player. Traditional methods of cervical spine
immobilization for football players include sandbags next to
the head and strapping the helmet to the spine board with
tape. 10' 12 The Cervical Vacuum Immobilizer is flexible before
deflation and is easily placed around the cervical region of the
equipped football player. One advantage of the Cervical
Vacuum Immobilizer lies in its ability to fit on different body
somatotypes. Removal of air from the Cervical Vacuum
Immobilizer provides a rigid support, limiting cervical spine
68
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range of motion of the equipped football player, as evident
from our results.
CONCLUSIONS
This study demonstrated that the Cervical Vacuum Immo
bilizer limited cervical spine range of motion in forward
flexion, extension, and lateral flexion of the equipped football
player. Potentially, the Cervical Vacuum Immobilizer placed
on a fully equipped injured football player may limit cervical
spine range of motion while the athlete is immobilized and
during transport. Our study investigated cervical spine range of
motion of the equipped football player with the face mask
removed, allowing x-ray films of the cervical spine in full
motion without impedance of movement. Immobilization of
the cervical spine is enhanced when the face mask is in
place. 15 '24 Potentially, the use of the Cervical Vacuum Immo
bilizer on the equipped football player with the face mask in
place may further limit cervical spine range of motion.
We acknowledge our results were found in 10 healthy
subjects with no history of cervical spine pathology or abnor
mality. Further research is needed to investigate how the
Cervical Vacuum Immobilizer limits cervical spine rotation
and its effectiveness when the athlete is immobilized on the
spine board. In addition, this study should be replicated on
other athletes to determine the cervical spine range of motion
limited by the Cervical Vacuum Immobilizer with and without
athletic equipment.
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Clinical Experiences Are Not Predictive of
Outcomes on the NATABOC Examination
Paula Sammarone Turocy, EdD, ATC*; Ronald E. Comfort, PhDt;
David H. Perrin, PhD, ATCt; Joe H. Gieck, EdD, PT, ATCf
*Duquesne University, Pittsburgh, PA; tCurry School of Education, University of Virginia, Charlottesville, VA
Objective: To determine the efficacy of the National Athletic
Trainers' Association Board of Certification (NATABOC) clinical
experience requirements and individual student characteristics
to predict candidate outcomes on the NATABOC certification
examination.
Design and Setting: For all subjects, we gathered survey
information and examination scores. The survey information
included age, sex, route to certification, previous athletic train
ing and allied health experience, and clinical education experi
ences.
Subjects. A total of 269 subjects, 22.25% of all first-time
candidates for the June and November 1993 NATABOC exam
inations, were included in this study.
Measurements: Data were analyzed for standard descrip
tive statistics and parametric linear regression and correlational
relationships.
Results: Total clinical hours, high-risk sport experiences,
and previous athletic training experience were not predictive of
examination outcomes. Although our results indicated a rela
tionship between previous allied health experience and both

T

outcome on the written section of the examination and age and
outcome on the oral/practical section, these characteristics
also were not predictive of examination outcomes.
Conclusions: Gaining clinical experience hours in excess of
400 hours beyond the 800- or 1500-hour requirement may yield
no greater benefit for an entry-level professional than less time.
The quality, rather than the quantity, of clinical experiences
should be evaluated. More emphasis should be placed on the
achievement of an entry level of clinical competency, rather
than on total hour collection. Also, because high-risk sport
experiences did not predict outcomes on the NATABOC exam
ination, the emphasis of clinical education should be on stu
dents' receiving a more structured clinical experience, in which
they are progressively required to assume greater responsibil
ities integrating both cognitive and psychomotor skills, while
working under the supervision of a certified athletic trainer.
Key Words: clinical education, professional preparation,
national certification, high-risk sport experiences, previous ex
perience, predictors of success

he requirements for clinical education experiences in criteria, established by the Committee on Certification Stan
athletic training recently came under great scrutiny by dards of the Professional Advancement Committee, set a
the National Athletic Trainers' Association (NATA) minimum standard of clinical preparedness for entry-level
Task Force on Educational Standards, as well as the NATA athletic trainers. These standards were developed empirically
Education Council. One area of review continues to be clinical by the NATA Subcommittee on Certification as a temporary
education. Clinical education experiences are required of all standard for clinical education. The committee members'
athletic training students; however, the assessment of those personal experiences as athletic trainers, their knowledge of the
experiences varies significantly from education program to needs of the athletic training profession at that time, and their
education program. The 2 consistent measures of athletic knowledge and understanding of the criteria used by other
training clinical education are the number of hours and health-related professions, such as physical therapy, were the
category of clinical experience under the direct supervision of bases for the development of the clinical education require
an athletic trainer certified by the NATA Board of Certification ments. 1 These criteria were designed as temporary standards
(NATABOC). These clinical education requirements have until all athletic trainers were educated through approved
persisted and been modified without specific scientific study; athletic training education programs. The committee estimated
therefore, little information is available as to the effectiveness that it would "take a number of years to develop a sufficient
or validity of the effects of clinical experience hours on the number of educational programs to qualify athletic trainers (as
preparation of entry-level athletic trainers. We examined the professionals in the field of athletic training)" (personal com
efficacy of the NATABOC clinical experience requirements munication, L. McLean, ATC, PT, February 25, 1993).
and student characteristics to predict first-time candidates'
The 1969 criteria recognized 4 routes by which student
outcomes on the NATABOC certification examination.
athletic trainers could gather clinical education experiences and
The current clinical experience requirements evolved from become eligible to take the national certification examination.
the first standards, which were developed in 1969. The original Athletic trainers actively engaged within the profession, but
not yet certified, were required to provide proof of 5 years of
athletic training experience beyond that as a student athletic
Address correspondence to Paula Sammarone Turocy, EdD, ATC,
trainer at the high school level. Students who were enrolled in
Duquesne University, 123 Health Sciences Building, Pittsburgh, PA
15282. E-mail address: sammaron@duq2.cc.duq.edu
NATA-approved graduate or undergraduate programs had to
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acquire a minimum of 800 clinical experience hours, in no
fewer than 2 years, under the supervision of NATA-approved
supervisors. Physical therapy degree graduates needed to
acquire 2 years of athletic training experience beyond that as
students on the secondary school level under direct NATAapproved supervision. Lastly, apprenticeship candidates were
able to receive on-the-job training for a minimum of 1800
hours under direct supervision of a certified NATA member as
determined on a district-wide basis. 2'3
Today, there are still 2 routes for gaining clinical experience
and becoming eligible for national certification as an athletic
trainer: accredited athletic training education programs
(ATEPs) and internship experiences. Students from ATEP
programs must collect a minimum of 800 hours in a variety of
athletic training experiences, in no fewer than 2 years, under
the supervision of an NATABOC-certified athletic trainer.
Internship students must document at least 1500 hours of
athletic training experience under the supervision of an
NATABOC-certified athletic trainer. At least 1000 of those
internship hours must be attained in a traditional athletic setting
at the interscholastic, intercollegiate, or professional sport
level. The additional 500 hours may be attained from an allied
clinical setting or sport camp setting under the supervision of
an NATABOC-certified athletic trainer.4
Twenty-five percent of all athletic training clinical experi
ences required of curriculum and internship students must be
acquired in actual (on-location) practice and game coverage of
1 or more of the following (high-risk) sports: football, soccer,
hockey, wrestling, basketball, gymnastics, lacrosse, volleyball,
and rugby.4 All other sports are considered low-risk sports, and
assignment to such activities must not constitute more than
75% of a student's total experience hours. By 2004, there will
be only 1 route to certification: successful completion of an
ATEP, reviewed by the Joint Review Committee of Educa
tional Programs in Athletic Training (JRC-AT) and accredited
by the Commission on the Accreditation of Allied Health
Education Programs (CAAHEP).
METHODS

Candidate Criteria
We solicited survey information and NATABOC examina
tion scores from the 1209 first-time candidates for the June and
November 1993 NATABOC examinations. We obtained per
mission and gathered information on 269 (22.25%) new
candidates for the examinations. All candidates met the fol
lowing criteria: (1) current cardiopulmonary resuscitation and
standard first-aid certification; (2) completion of the curricular
content found in the common courses of basic and advanced
athletic training, personal and community health, anatomy,
physiology, and physiology of exercise; (3) completion of
clinical experience hours under the direct supervision of an
NATABOC-certified athletic trainer; (4) a minimum of a
bachelor's degree or being in the last semester of that degree
process; (5) eligibility for either the June 20, or November 21,
1993 NATABOC National Examination.

Instrument Validity and Reliability
We validated the survey instrument using analyses of
construct, content, face, and criterion-related validity, as well

as reliability (test-retest correlation) assessments. The NATABOC
examination also was validated using construct, content, face, and
criterion-related validity assessment techniques based upon the
current NATA Role Delineation Study.5 The reliability of the
NATABOC examination was estimated using the KuderRichardson test for reliability.6

Statistical Analysis
The independent variables in this investigation included the
candidate's demographic profile, years of previous athletic
training and related experiences, length of time taken to meet
clinical experience requirements, years of experience of the
endorsing athletic trainer, and type and quantity of clinical
experiences acquired. The category of clinical experience
hours contained the subcategories of specific sport assign
ments, total number of hours acquired in each assignment, sex
of athletes in each sport assignment, type and level of each
sport assignment, and level of autonomy experience in each
sport assignment, as collected via a self-reporting system. The
dependent variables consisted of the student's results on the 3
parts of the NATABOC Certification Examination for Athletic
Trainers. We gathered these scores in both their absolute
performance values (numeric), as well as their ultimate impact
scores (pass-fail). Data were analyzed via the STATISTIX
statistical software package7 (Analytical Software, Tallahassee, FL) for standard descriptive statistics, nonparametric
analysis, parametric linear regression, and correlational analy
ses (Pearson product). The a level was set at P < .05.
Demographics
We included 269 first-time candidates for the June and
November NATABOC examinations in this study: 121 (45%)
male and 148 (55%) female subjects. All 10 NATA districts
were represented in this sample. The sample was consistent
with the distribution of all NATA members found at the
collegiate setting by district (Table I). 8
Candidate route to certification was assessed, with approx
imately equal distribution between graduates of approved or
accredited athletic training education programs and undergrad
uate internship programs (Table 2). Sixty-nine candidates
(26.6%; not all candidates provided all information) pursued
their athletic training education at public institutions, whereas
190 candidates (73.3%) were graduates of private institutions
of higher education. The mean number of students in an
athletic training class cohort group from the same institution
was 8.2 students. The minimum number of students per class
Table 1. District Participation
District

1
2
3
4
5
6
7
8
9
10
Total respondents

No. of Participants

% Participants

18
43
19
70
26
5
7
21
22
18
249*

7.2
17.2
7.6
28.0
10.4
2.0
2.8
8.4
8.8
7.2

*Not all participants provided this information.
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Table 2. Athletic Training Preparation for Certification

Table 3. Location of Clinical Experiences

Classification

Site

Undergraduate curriculum
Graduate curriculum
Undergraduate internship
Graduate internship
Graduate and undergraduate internship
Undergraduate curriculum and
graduate internship
Undergraduate internship and graduate
curriculum
Total respondents

n
103
17
107
24
5
1

39.4
6.5
41.0
9.1
1.9
.3

4

1.5

261*

*Not all participants provided this information.

No. of Experiences

% Experiences

1338
264
114
86

71.2
14.0
6.0
4.6

College/university
High school
Training room/clinic
Clinic/hospital/youth
leagues
Other
Club
Professional events
Amateur events
Recreation
Total experiences

28
20
13
12
3
1878*

1.4
1.0
.7
.6
.1

*Not all participants provided this information.

was 1, and the maximum in a class was 40. The mode was 10
students per athletic training class. Twenty-eight percent (n _
=
73) of all endorsing athletic trainers had more than 15 years of
athletic training experience; however, 34.2% (n = 89) of all
endorsing athletic trainers had 5 or fewer years of experience.
One hundred and twenty-one (45%) of all candidates had
previous athletic training experiences (PATEs) before formal
education as an athletic trainer, and 67.9% (n — 182) claimed
1 or fewer years of previous allied health experience (other
than athletic training). The majority (57.8%) of the candidates
cited high school athletic training experience as the type of
PATE in which they were involved. The most common
previous allied health experiences (PAHEs) were physical
therapy assistant (29%) and physical therapy volunteer
(13.5%).
RESULTS

Clinical Experience Hours
The mean number of hours reported by all candidates was 1759
clinical experience hours, with a maximum of 4500. Most
candidates, regardless of route of certification, declared 1400 to
2000 hours. When we analyzed the data critically, we found that
students claiming approximately 400 hours above their categoric
requirement (curriculum or internship) demonstrated a higher
passing rate on the examination than those exceeding 400 clinical
experience hours or those meeting the minimum requirements.
Forty-five percent of candidates acquired their clinical
experience hours for certification in 3 years and 82.3% in 4
years or fewer. Of the 1893 clinical experiences claimed by the
candidates, 47.52% occurred in high-risk sports. A total of 742
experiences (39.4%) were obtained while working with male
athletes; 387 (20.5%), with female athletes. The majority of the
clinical experiences (40.1%) were gained while working with
both male and female athletes.
Approximately 71.2% of all sport experiences were gathered
while working in a collegiate setting, whereas only 14% were
acquired in the high school setting (Table 3). Most clinical
experiences were gathered while working as an assistant to a
certified athletic trainer, whereas 14.2% of students claimed to
work primarily on their own. Approximately 16.9% of the
clinical experiences involved responsibilities shared equally
between students (Table 4).
We did not find total clinical experience hours to be
predictive of scores on the NATABOC examination, nor on
any individual section of the examination (Table 5). Clinical
hours acquired in high-risk sports also were not found to be
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Table 4. Clinical Experience Autonomy
Level of Autonomy

No. of
Experiences

%
Experiences

706
317

37.7
16.9

267
255
126
42

14.2
13.6
6.7
2.2

40

2.1

121
1874

6.6

Worked under ATC direction
Worked equally with another
student
Worked alone
Worked equally with ATC
Worked under student direction
Worked with another student
under ATC
Worked alone and sometimes
under ATC
Other categories
Total reported experiences

Table 5. Total Clinical Experience Hours as Predictor of
Examination Outcomes
Examination Section
Written
Oral/practical
Written simulation

P

F

r2

SD

.9057
.0746
.6848

.01
3.21
.17

.0001
.0125
.0006

15.221
5.831
301 .596

predictive of examination outcomes (Table 6), although
significant findings were discovered for wrestling (P =
.0464) on the written section and field hockey (P = .0260)
on the oral/practical section of the examination. However,
these findings were not considered predictive of examina
tion scores because they accounted for only a small percent
age of the variance in scores: 1.5% and 1.8%, respectively.
Because of the longstanding belief that fall football experi
ence helped to prepare students better clinically than any
other sport experience, we specifically examined fall foot
ball. Clinical experience in fall football also was not
predictive of outcomes on the examination (Table 7).

Table 6. High-Risk Sport Experience Hours as Predictor of
Examination Outcomes
SD

Category
Written
Oral/practical
Written simulation

.3418
.3650
.4749

.91
.82
.51

.0034
.0031
.0019

15.438
5.981
297.446

Table 7. Fall Football Experience Hours as Predictor of
Examination Outcomes
SD

Category
Written
Oral/practical
Written simulation

Table 9. Previous Athletic Training Experience as Predictor of
Examination Outcomes

.4584
.6157
.2262

.55
.25
1.47

.0021
.0010
.0056

15.449
5.987
296.906

Examination Passing Rates
We noted that 30.9% (n = 82) passed and 69.1% (n = 183)
failed at least 1 part of the examination. Fifty-one percent (n =
135) of all candidates passed the written section; 62.4% (n =
164) of all candidates passed the oral/practical section of the
examination; and 59.6% (n = 158) of all candidates passed the
written simulation section of the examination.
Previous Allied Health and Athletic
Training Experiences
Although there was a relationship between the number of
years of PAKE and the score on the written examination (P =
.0031), PAKE accounted for only 3.3% of the variance in
scores. PAHE had no impact on the outcomes on either the
oral/practical or written simulation sections (Table 8). We
noted that, of the 155 subjects claiming PAHE, only 39
candidates had received professional education (nontechnical
training) to allow them to participate in their PAHE. Years of
PATE in high school had no impact on the ability to predict the
scores on any of the 3 parts of the examination (Table 9).
Age
There also was a relationship between candidates' ages and
the scores on the oral/practical section (P = .0405). Due to the
size of the correlations, only a small amount of the variance in
scores could be attributed to the effects of age (Table 10);
therefore, age was not considered predictive of outcome on that
section of the examination. Age did not affect any other section
of the NATABOC examination.
DISCUSSION

Little scientific investigation exists regarding the guidelines
and policies that dictate the clinical preparation of entry-level
athletic training professionals. Past works have examined
the relationships between college grade point average and
American College Testing scores, 9 route to certification, 10 and
learning styles 11 and the outcomes on the NATABOC exami
nation. We found, on examining the ability of clinical experi
ence hours to predict the outcomes on the NATABOC exam
ination, that neither the number of clinical experience hours
nor the sport experiences influenced the candidates' outcomes
on the NATABOC examination. These findings are consistent
with previous work conducted by Draper. 11 Because ours was
Table 8. Previous Allied Health Experience as Predictor of
Examination Outcomes
Examination Section
Written
Oral/practical
Written simulation
P< .05.

SD
.0031*
.9600
.9048

8.93
0
0.01

.0330
.0000
.0001

15.206
6.001
298.294

SD

Examination Section
Written
Oral/practical
Written simulation

.6219
.4212
.7220

.24
.65
.13

.0009
.0025
.0005

15.456
5.992
298.230

Table 10. Age as Predictor of Examination Outcomes
Examination Section
Written
Oral/practical
Written simulation

P

F

r2

SD

.3318
.0405*
.9106

.95
4.24
.01

.0037
.0167
-.0039

15.382
5.926
303.687

the first study to examine the abilities of clinical experiences,
the hours acquired in those experiences, and other experiential
influences to predict the outcomes on the NATABOC exami
nation, the information herein should be considered relevant,
but not definitive, in the evaluation of the current guidelines,
policies, and practices of athletic training clinical education.
Demographics
The sample used in this study appeared to be a representative
group of all first-time candidates for the 1993 NATABOC
examination. Although this sample represented only 22.24% of
all first-time candidates for the June and November 1993
examinations, the approximate distribution by sex was the
same as the distribution of students graduating from under
graduate curriculum programs described by the NATA Profes
sional Education Committee for the same year (45% men and
55% women). 12 Further, with the level of significance set at
P < .05, the risk of making a type 1 error was lessened.
Participation by district also was similar to the 1993 statis
tics for NATA student membership. The participation from
subjects in Districts 2 and 4 was slightly higher than the
national distribution and that from Districts 7, 9, and 10 was
slightly lower. 8 Fifteen candidates did not indicate a specific
district on their surveys. These minor discrepancies may not be
important because not all student members in each district of
the NATA were candidates for the 1993 examination and not
all student members of the NATA become candidates for the
NATABOC examination.
Previous Athletic Training and Allied
Health Experiences
Of all candidates responding, 45% claimed PATE, with
81.8% of those subjects having 1 year or less of previous
experience in athletic training (before formal athletic training
education). This finding was important when we examined the
hypotheses relating PATE to the outcomes on the examina
tions. However, because the actual number of candidates
claiming previous experience in athletic training was low, the
findings related to this information should be considered
inconclusive and should be reevaluated in future studies for
relevance to the examination outcomes.
There was a relationship between PAHE and the outcomes
only on the written section of the examination (P — .003 1), but
these experiences were not predictive of examination out
comes. Some individuals who claimed PAHE may have been
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able to draw upon their past experiences in allied health to
transform athletic training situations and experiences into an
understanding of the situational responses and knowledge base
required. 13 This transformation may have facilitated the learn
ing of new skills and knowledge. Further, preparation for other
allied health credentialing examinations also may have pre
pared those with PARE to pass the written section. The written
section of the examination is very similar to the types of
licensing or credentialing examinations all allied health pro
fessionals are required to take. Therefore, those individuals
with PAHE in a professional discipline should not be viewed as
true entry-level professionals. They had previous opportunities
to practice within similar allied health situations and understand
the politics, language, and social dynamics germane to becoming
successful in that allied health society. 14

predictive of examination outcomes. This unusual phenome
non may be attributed to the fact that most football programs
have at least 1 or 2 full-time certified athletic trainers on site to
manage all health-related issues. Those certified athletic train
ers are responsible for the health care of the athletes involved
in this high-risk sport, which presents many injuries and
unusual health situations. Due to the high public profile of
football, certified athletic trainers may not feel comfortable
allowing or be permitted to allow students to perform essential
entry-level skills. This situation may be magnified further if
both the certified athletic trainer and team physician are always
available to intervene in the health care of the athletes.
Further, during many football experiences, students rarely
are asked to make critical decisions, using higher-order think
ing to arrive at logical conclusions or actions to resolve a
situation. The students surveyed indicated that, during football
experiences,
they often worked as assistants to the certified
Age
athletic trainer(s) (Table 4) and were responsible for the more
We found a relationship between the candidates' ages and technical aspects of the athletes' care. These findings substan
their outcomes on the oral/practical section of the examination. tiate the fact that students are exposed to many skilled
Older candidates may have been able to take the concrete professional activities during a football experience; however,
information learned in 1 situation and apply it more effectively students are rarely able to participate fully in the activities
to other nonexact situations than could younger candidates. required of the certified athletic trainer. Perhaps, instead of
This ability to transform information quickly or expertly may emphasizing high-risk sport experiences like football, high
allow the older subjects to remain calmer in the stressful responsibility experiences should be required of our student
situation of the oral/practical examination. Older candidates athletic trainers. Perhaps we should allow students to receive
may have encountered more "real-life" stressful situations, more progressively structured clinical experiences where they
which would have prepared them to better tolerate the stress of must assume greater responsibilities that require them to
integrate cognitive and psychomotor skills while working
this section of the examination.
under the supervision of a certified athletic trainer.

Clinical Experience Hours
Total number of clinical experience hours gathered by an
entry-level athletic trainer had no ability to predict the outcome
on the NATABOC examination. When students work and learn
at their optimal level, they acquire more knowledge and
develop the new skills in a relatively short period of time. 15
This finding may lead one to believe that gaining excessive
clinical experience hours may yield no greater benefit for an
entry-level professional than will less time. It has been docu
mented 16 that the number of hours accumulated by a student
athletic trainer has little influence on examination perfor
mance. Perhaps, as indicated by others, 10 athletic training
educators should evaluate the quality of the experiences
gathered by their students rather than the quantity of those
experiences. This is not to say that there should be no specific
requirement for clinical experience hours. However, perhaps
less emphasis should be placed on the number of hours needed,
and more emphasis should be placed on achieving the knowl
edge, skills, and abilities delineated in the Athletic Training
Competencies. One way this may be achieved is by providing
students with experiences in a variety of environments and
with different types of populations that would be consistent
with the mission of the NATA. Also, ensuring that education
occurs both formally and informally at all clinical sites would
be important.
Similarly, there was no basis to support the criterion that
requires students to gain clinical experience hours in high-risk
sports because high-risk sport experience hours were not
predictive of outcomes on the NATABOC examination. Fall
football experience, which has been viewed traditionally as a
good opportunity for students to learn the clinical skills
required of an athletic trainer, also was not found to be
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Examination Passing Rates
Another concern was that the overall passing rates on the
NATABOC examination were low compared with other allied
health professional examination outcomes. When examining
the first-time Board passing rates in nursing (85.2% 16), occu
pational therapy (94.58% 17), physician assistant (95% l8), phys
ical therapy (85.44% [personal communication, M. Lane,
1998]), and physical therapy assistant (77.18% [personal com
munication, M. Lane, 1998]), the NATABOC examination
passing rates were low. Our 1993 findings were similar to the
overall first-time passing rates on the 1997-1998 NATABOC
examinations (32%). 19 If athletic training education prepares
students for entry-level practice, the content of the examination
should evaluate the content of what is taught during the
student's education. The content of the NATABOC examina
tion is determined by the current Role Delineation Study,5
whereas the content required in athletic training educational
programs is determined by the Competencies in Athletic
Training. If there is a low correlation between what is being
taught in athletic training education and what is being tested on
the NATABOC examination, further analysis of the current
relationship between athletic training education and certifica
tion should be done.
However, low passing rates may not be as surprising a
finding as first indicated. In athletic training today, the educa
tional and the certification bodies function autonomously from
the NATA in the form of the CAAHEP JRC-AT and the
NATABOC. This autonomy was initiated in hopes of gaining
credibility as a profession with a variety of educational and
accrediting bodies, such as the American Medical Association
and the National Commission for Certifying Agencies. This

autonomy benefited the profession by allowing each group
unique missions and goals. The mission of the JRC-AT is to
establish, maintain, and promote appropriate standards of
quality for educational programs in athletic training. The
NATABOC is responsible for ensuring that the public is
protected by credentialing only those professionals who have
met the entry-level qualifications appropriate for a practicing
professional. This diversity in responsibility may have mani
fested itself in the students' outcomes on the examination.
Today, the Education Council, on which members of both the
NATABOC and the JRC-AT sit, is working to develop a
cohesive plan for the preparation and evaluation of entry-level
athletic trainers. Still, this collaborative effort may not change
the ultimate outcomes of the examination passing rates. The
NATABOC examination, unlike other allied health profes
sional examinations, requires candidates to pass 3 very differ
ent examinations. Many of the other professional examinations
require the passing of only a written (multiple choice) exami
nation.
The locations of the candidates' clinical experiences pro
vided particularly relevant information. More than 70% of the
subjects' clinical experiences were gained in the college
"traditional" athletic training environment, and only 14% were
gathered in the high school setting, with far fewer in the
clinical setting. These findings do not support the information
supplied by the Professional Education Committee, and now
the JRC-AT, with regard to the locations where the current
athletic training curriculum graduates are being employed.
Approximately 71 % of the athletic training curriculum students
graduating in the past 2 years were employed in high
school positions. 12 Recently, guidelines have been developed
by the Education Council and supported by the JRC-AT to
encourage students to receive a wide variety of clinical
experiences beyond the traditional athletic training settings in
the colleges and universities. These varied clinical experiences
will better prepare future athletic trainers to care for the full
spectrum of individuals in the physically active population and
will advance the mission of the profession. 11 '20
Limitations of This Study
Our study was limited by a variety of factors, including a
small sample of all participants taking the examination that
year, inaccuracies in the self-reporting system, outside influ
ences on the self-reporting system, and the lack of evidence
that the volunteer sample group was similar to the population
of all candidates taking the certification examination in 1993.
With regard to inaccuracies or influences in the self-reporting
system, all clinical experience hours continue to be selfreported and require the endorsement and notarization of a
statement supporting each candidate's self-report by the super
vising athletic trainer.
CONCLUSIONS

Although our data were gathered in 1993, outcomes on the
NATABOC examination have changed little. The only major
revision in the NATABOC examination since 1993 was in the
format of the oral/practical section; the oral component of the
examination has been eliminated. However, the passing rate on
the practical section of the examination has not changed
greatly. Further studies should be done in the areas of clinical
education to continue to guide the future of athletic training

education. Qualitative studies would be especially helpful in
determining the extent to which entry-level professionals have
acquired the competencies delineated by the JRC-AT.
Further recommendations include the development of more
variety in clinical education sites and experiences, as well as
improvement in the level and appropriateness of the indepen
dent learning and responsibilities required of students during
their clinical experiences under the direction of a certified
athletic trainer. This information also would allow the
NATABOC to determine whether the completion of the
clinical experience requirements has any measurable impact on
students' outcomes on the national examination. Our study
should serve as a scientific baseline from which further study
of, recommendations for, and modifications of certification
criteria and clinical education guidelines may be made.
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Initial Evaluation and Management of Acute
Scrotal Pain
Michael C. Koester, MD, ATC
Good Shepherd Community Hospital, Hermiston, OR
Objective. To provide the reader with the background
knowledge to ensure a prompt and proper initial evaluation of
the athlete with acute scrotal pain.
Data Sources: A MEDLINE search was conducted using the
key words "scrotum" and "pain" for the years 1980 to 1999.
Data Synthesis: The 4 most common causes of acute
scrotal pain in athletes are trauma, testicular torsion, torsion of
a testicular appendage, and epididymitis. Although all can
appear clinically similar, subtle features in the history and
physical examination may lead the examiner to the correct
diagnosis. However, physician evaluation is essential, and

A

cute scrotal pain requiring hospital admission is 20
times less common than acute abdominal pain. 1 Such a
low frequency explains why acute conditions of the
scrotum are often only briefly reviewed in athletic training
textbooks. 2'3 However, the occurrence of acute scrotal pain
heralds a potential surgical emergency, necessitating a prompt
and thorough evaluation to ensure survival of a viable testis.
Acute scrotal pain most often presents in adolescents and
young adults. In 1 study4 of boys under 17 years of age with
acute scrotal pain, testicular torsion, torsion of a testicular
appendage, and epididymitis were found to represent 94% of
all final diagnoses. In athletes, trauma also frequently leads to
acute pain. Although these are distinct pathologic entities, each
may present similarly, with pain as the hallmark. The athletic
trainer must be knowledgeable about the history, physical
examination findings, and differential diagnosis of acute scro
tal pain to ensure that the athlete receives prompt and appro
priate medical attention.
HISTORY

Trauma is the typical antecedent to acute scrotal pain in
athletics. It is an important feature in any history of pain
because it may mislead the examiner and mask the actual
cause.4'5 None of the common causes of pain has a single
cardinal feature, but a thorough history can provide clues
leading to the correct diagnosis (Table).
The most important aspects of the history are the age of the
patient and a thorough description of the pain's onset and
duration. Testicular torsion most often occurs during puberty,
whereas epididymitis is typically a postpubertal condition.
Torsion of a testicular appendage is a condition more common
Address correspondence to Michael C. Koester, MD, ATC, 105 SE
Crestline Drive, Hermiston, OR 97838. E-mail address: mkoester®
eoni.com
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diagnostic imaging or surgery may be required for a definitive
diagnosis and to avoid loss of the testicle.
Conclusions and Recommendations: Although acute scro
tal pain is a rare occurrence, it is important for the athletic
trainer to recognize the common causes of the condition. An
understanding of normal scrotal anatomy and the pathology of
scrotal trauma, testicular torsion, torsion of a testicular append
age, and epididymitis are essential to provide a prompt initial
evaluation and appropriate referral.
Key Words: testicular appendage, testicular torsion, epidid
ymitis, testicular trauma, groin injury

in prepubertal boys. Pain from testicular torsion is described as
sudden in onset and quite severe, whereas the pain of epidid
ymitis or a torsed testicular appendage develops gradually over
a few days. Athletes with epididymitis may have recent onset
of dysuria and increased frequency of urination.4
A history of trauma preceding pain does not exclude the
possibility of testicular torsion. This point cannot be over
stated. Pain persisting for longer than 60 minutes after trauma
requires further evaluation to exclude testicular torsion or other
serious testicular injury.5 Young men with torsion may have a
history of similar intermittent pain over several months, sug
gesting episodes of spontaneous torsion and detorsion. Also of
note, the athlete may be embarrassed by the source of his
discomfort, referring only vaguely to groin or abdominal pain.
Thus, in these instances, a careful genital examination per
formed by an athletic trainer and physician is mandatory.
PHYSICAL EXAMINATION

A thorough physical examination begins with an overall
assessment of the athlete's comfort. Does he move gingerly, or
can he walk and run with ease? Does he appear uncomfortable,
or is he relaxed and smiling? During the examination, the
patient should be standing, undressed from the waist down.
Understandably, a young man may be uncomfortable with this
aspect of the examination, perhaps even more so with a female
athletic trainer or physician. However, it must be stressed to the
athlete that the serious nature of the condition requires that
modesty be put aside so that the evaluation can be carried out
in a timely manner. If the athlete prefers, a parent or other
appropriate chaperon should be present and may make the
young man more comfortable.
Inspect the scrotum for swelling, erythema, and orientation
of the testis. Normally the testis lies in the scrotum with the
long axis perpendicular to the ground (when standing). The left
testis usually hangs slightly lower in the scrotum than does the

Differential Diagnosis of Acute Scrotal Pain
Diagnosis
Testicular torsion
Torsion of the testicular
appendages
Epididymitis

Age

Onset

Pain

Tenderness

Systemic Signs

Treatment

Early adolescence
Prepuberty

Acute
Subacute

Severe
Moderate

Diffuse
Upper pole

Nausea, vomiting
None

Surgery
Bed rest

Adolescence

Indolent

Moderate to severe

Epididymis

Fever, dysuria

Antibiotics, bed rest

right testis. Beginning on the uninvolved side, test the cremasteric reflex by stroking or pinching the thigh just lateral to the
scrotum. A positive reflex is elicited when the testicle elevates
within the scrotum. The cremasteric reflex is not consistently
intact beyond the early teen years, but its presence makes
testicular torsion unlikely. 6
To properly examine the testis, the examiner must be
knowledgeable about scrotal anatomy (Figure 1). Examine the
uninvolved testis first by grasping it between the thumb and
first 2 digits of a gloved hand. Beginning with the uninvolved
testis allows the examiner to assess normal anatomy for
comparison, as well as allowing the athlete to become familiar
with the examination. Early in torsion, the testis is swollen and
tender. As the palpating fingers move cephalad on the testis,
the epididymis can be felt as a smooth, soft ridge on the
posterolateral aspect of the testis. In epididymitis, it is swollen
and usually exquisitely tender. In the case of a torsed testicular
appendage, tenderness may be limited to the superior pole of
the testis early in the course. A small bluish discoloration may
be visible through the skin at the superior aspect of the testis.
This "blue-dot" sign is pathognomonic for torsion of a testic
ular appendage.4 As palpation continues superior to the epi
didymis, the spermatic cord can be palpated until it enters the
peritoneal cavity through the inguinal canal. The spermatic
cord contains the ductus deferens, testicular artery, and testic
ular veins, along with nerves and lymph vessels.

with potentially two thirds of all surgical explorations for acute
scrotal pain being unnecessary, surgeons and radiologists have
searched for a reliable imaging technique. Recent studies have
shown that, although neither 100% sensitive nor 100% spe
cific, color Doppler ultrasound can be used effectively in the
evaluation of acute scrotal pain. 10 " 12
Color Doppler ultrasound can display and quantify blood
flow within the testicle and scrotum, as well as assess structural
integrity. If the study shows decreased or absent blood flow or
severe testicular trauma (rupture of the testis) or if the findings
are equivocal, surgery is indicated. Color Doppler ultrasound is
not available in all emergency facilities, and, even when
present, study results depend on the skill and experience of the
technician operating the machine. In addition, the test is
unreliable in children under age 6 years because of the small
size of the testis. Thus, athletes presenting with "classic"
history and physical examination findings usually proceed
directly to the operating room to expedite repair.
Although typically not diagnostic, a urinalysis should al
ways be obtained when an athlete develops acute scrotal pain.
White blood cells with or without bacteria in the urine under
microscopic examination are consistent with the diagnosis of
epididymitis, but they may also be present in a small number of
individuals with testicular torsion. 8 All urine samples should
be sent for bacterial culture, since the results will guide
antibiotic therapy.

DIAGNOSTIC STUDIES

COMMON CAUSES OF ACUTE SCROTAL PAIN

Advances in imaging technology have served to decrease the
number of individuals with acute scrotal pain requiring sur
gery. Only 14% to 38% of young men and boys with an acute
scrotum have testicular torsion, despite history and physical
findings indicating the need for emergent surgery.4'7"9 Thus,

Testicular Torsion
Torsion results when the testis twists within the scrotum,
obstructing blood flow in the testicular veins and artery. The
incidence of testicular torsion is 1 in 160. 13 Some young men
are at increased risk because they have what has been termed
a "bell-clapper" deformity (Figure 2). In this condition, the
testis lacks an attachment to the tunica vaginalis (the
surrounding fascia), allowing it to hang freely in the
scrotum. Without this securing envelope of fascia, the testis
is mobile and prone to twisting. 5

Pampiniform plexus
Spermatic cord
Spermatic
artery

Tunica
vaginalis

Head of epididymis
Tail of
epididymis

Common site
of torsion

Tunica
vaginal!

Head of
epididymis

Appendix of testis
Testis
Tunica albuginea

Figure 1. Normal scrotal anatomy.

Figure 2. The "bell-clapper" testicular deformity.
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The classic history of testicular torsion is that of a pubertal
or postpubertal boy with sudden onset of severe, unilateral
scrotal pain, often in association with nausea and vomiting.
Such an attack may come on at rest, during activity, or after
trauma. Kadish and Bolte7 and others4' 14 have found no specific
historical factors to differentiate testicular torsion from epididymitis. However, patients diagnosed with testicular torsion seek
medical attention much earlier in the course of their pain.7 Within
the first few hours after the onset of pain, physical examination
may reveal mild scrotal edema and erythema, with a tender,
high-riding testicle lying transversely in the scrotum, as opposed
to the normal longitudinal lie. Physical findings will progress over
several hours to diffuse scrotal erythema and edema. The cremasteric reflex is usually absent.6
This presentation represents a surgical emergency and
should be treated as such. An athlete with a classic history and
physical examination will likely be taken directly to the
operating room for surgical exploration. Those with equivocal
findings may undergo imaging as previously discussed. Eval
uation and management must proceed at a rapid pace because
a torsed testis will rarely survive longer than 12 hours. 13
Surgical exploration serves 2 purposes: it allows for determi
nation of the viability of the testis (which is either detorsed if
viable or removed if unviable) and fixation of the contralateral
testis (if needed) to avoid future episodes of torsion.

infectious epididymitis in prepubescent boys usually signifies
an anatomic malformation. 15 It was previously thought that
epididymitis most commonly occurred in sexually active ado
lescents and young men, often associated with a presumed
gonorrhea or chlamydia infection.4 However, recent studies
cast doubt on this notion.7'9' 14' 15 Many cases of epididymitis
previously ascribed to sexually transmitted diseases may have
resulted from atypical bacterial infection, viral infection, or
sterile inflammation secondary to urinary reflux. 5 ' 15
The athlete typically gives a history of insidious onset of
pain in conjunction with fever, increased frequency of urina
tion, and dysuria.4 Physical examination reveals a febrile
individual with minimal to moderate scrotal erythema and
swelling of the testicle, as well as an exquisitely tender
epididymis. As the condition progresses, scrotal erythema and
testicular swelling may become marked. A urine sample should
be sent for microscopic analysis and bacterial culture. A
Doppler flow study may show normal or increased blood flow
in the affected testis. Treatment is similar to that of a torsed
testicular appendage, with the addition of oral antibiotics.
Resolution should occur within a week after treatment is
initiated. Patients with severe epididymitis and fever may
require hospital admission for intravenous antibiotics to pre
vent abscess formation and possible loss of the testis (M. W.
Burns, MD, oral communication, April 22, 1999).

Torsion of Testicular Appendages

Scrotal Trauma

The testicular appendages are pedunculated remnants of
embryologic structures that may become torsed. The appendix
testis and appendix epididymis are located near each other at
the superior pole of the testis. The presenting history and
physical examination of an athlete with a torsed testicular
appendage can be strikingly similar to that of testicular torsion.
It can occur at any age but is most common in boys ages 7 to
12 years. It is the final diagnosis in 14% to 46% of young men
and boys presenting with acute scrotal pain.4'7'8
The pain is typically not severe or debilitating and develops
slowly over a few days. The athlete may have a history of similar
intermittent discomfort over the past 1 to 2 weeks. Nausea,
vomiting, and fever are rarely present. Examination early in the
course shows absent or mild erythema and edema of the involved
hemiscrotum, but both may increase as time passes. In a series of
90 patients,7 all individuals with a torsed testicular appendage had
tenderness isolated to the superior pole of the testis. As previously
noted, a "blue-dot" sign may be present.4
Regardless of the history and physical findings, evaluation
by a physician is essential. If the pain has persisted for longer
than 24 hours, the diagnosis of testicular torsion is in doubt. If
Doppler flow ultrasound is performed, normal or increased
testicular blood flow may be seen. A urinalysis should always
be performed, since epididymitis is also in the differential
diagnosis. Treatment consists of nonsteroidal anti-inflamma
tory and analgesic medications, bed rest, and scrotal elevation
(elevation of the scrotum with a pillow). Symptoms usually
resolve within a week but may be aggravated by activity.

Trauma to the scrotum is common in athletics, but severe
testicular trauma is rarely seen. Damage to the testis results
from forceful compression against the pubic bones. Sequelae to
trauma include traumatic epididymitis, as previously men
tioned, as well as intratesticular hematoma, hematocele (blood
within the tunica vaginalis), and laceration of the tunica
albuginea (testicular rupture). 5
Any athlete with testicular pain or positive physical exami
nation findings (testicular swelling, scrotal ecchymosis, or tender
ness) more than 1 hour after the initial injury requires emergent
evaluation. The initial presentation of a traumatic injury can be
quite similar to testicular torsion, thus necessitating urologic
evaluation and imaging studies. Doppler flow imaging can assess
for torsion, as well as hematoma or laceration. If a large hema
toma or laceration is discovered, surgical repair may be necessary.
If surgery is not needed, treatment consists of bed rest with scrotal
elevation, analgesic medications, and close follow-up with re
peated imaging as indicated.

Epididymitis
Epididymitis is an inflammation of the epididymis, usually
resulting from bacterial infection. The incidence is 31% to 35%
in patients with acute scrotal pain.4'9 A noninfectious variant
can occur 2 to 3 days after scrotal trauma. 8 An episode of
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ADDITIONAL CAUSES OF ACUTE SCROTAL PAIN

Rarer causes of acute scrotal pain include idiopathic scrotal
edema, Henoch-Schonlein purpura (HSP), hydrocele, inguinal
hernia, and varicocele. Only the latter 2 are likely to be seen
past puberty. Idiopathic scrotal edema presents in young boys
as painless and bilateral scrotal swelling, whereas a hydrocele
causes painless and unilateral scrotal edema. 16 HSP is a
systemic vasculitis of childhood, the etiology of which is not
known. The hallmarks of the disease are a nonthrombocytopenic (normal platelet count) purpuric rash, abdominal pain, and
arthritis. 17 The swelling results from a vasculitis of scrotal
blood vessels, which can result in inflammation and hemor
rhage of the testes, spermatic cord, epididymis, or scrotal wall.
Association with true testicular torsion is rare, but an acute
onset of pain should prompt diagnostic imaging studies.

An athlete with an inguinal hernia will often give a history of
intermittent, painless groin swelling. On examination, swelling of
the groin extending into the scrotum may be noted. If the hernia
is incarcerated, pain may be extreme and the scrotum swollen and
erythematous. Such a presentation represents a surgical emer
gency and requires prompt referral for further evaluation.
A varicocele is a collection of enlarged veins surrounding
the spermatic cord, superior to the testis. It is usually painless
and detected incidentally on physical examination. The mass of
tortuous vessels has a characteristic "bag-of-worms" feel and is
usually on the left side. The higher frequency of left-sided
involvement likely results because the left testicular vein
empties into the left renal vein at a right angle, whereas the
right vein empties directly into the inferior vena cava. Cur
rently, urologic management of asymptomatic varicoceles is
controversial, since some studies have linked their presence
to testicular atrophy and decreased sperm production. How
ever, these findings have not been universal. 18
A discussion of scrotal pathology would not be complete
without a brief mention of testicular cancer. Testicular cancer
is quite rare in adolescents. The peak incidence is between ages
20 and 35 years. 19 Infrequently, testicular cancer presents with
a massive hematoma after relatively mild trauma. 8 More
typically, it is discovered as a hard, painless scrotal mass, often
incidentally by the individual or a physician. Any unusual
testicular mass discovered on physical examination requires
diagnostic imaging. In addition, testicular self-examinations
should be encouraged, beginning in the late teenage years.
SUMMARY

Acute scrotal pain is not a common complaint in athletes,
and, when seen, it is usually secondary to trauma. The most
common nontraumatic causes of acute scrotal pain are testic
ular torsion, torsion of a testicular appendage, and epididymitis. Although they are distinct pathologic entities, all can
present in a surprisingly similar manner. It cannot be over
stated that a history of trauma may mislead the clinician,
masking the occurrence of testicular torsion. A thorough
history and physical examination will narrow the differential
diagnosis, but imaging studies or surgical exploration, or both,
are often required. The potential for loss of the testicle within
a short period of time requires that the athletic trainer be
knowledgeable in the initial evaluation and prompt disposition
of the athlete presenting with acute scrotal pain.
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Atraumatic Osteochondral Fracture and
Osteoarthritis in a Collegiate Volleyball
Player: A Case Report
Jessica S. Baum, MS, ATC, CSCS*; Richard G. Deivert, PhD, ATCf
*Fredonia State University, Fredonia, NY; tOhio University, Athens, OH
Objective: To present the case of a collegiate athlete with an
atraumatic osteochondral fracture influenced by the presence
of osteoarthritis.
Background: Osteochondral fractures are fairly common
occurrences in athletes, although it can be difficult to recognize
such an injury in the absence of a traumatic event. Osteoarthri
tis is 1 condition that can increase an athlete's susceptibility to
an atraumatic osteochondral fracture. However, because of the
atraumatic nature of the injury, the possibility of an osteochon
dral fracture may be overlooked.
Differential Diagnosis: Meniscal damage, osteochondritis
dissecans, patellofemoral disorders.
Treatment: The osteochondral fragment was surgically re
moved, and fibrous growth was encouraged by drilling and
laser smoothing.

K

nee injuries have become common occurrences in
athletes today, possibly due in part to the increased
numbers of children, adolescents, and adults participat
ing in sports. Certified athletic trainers (ATCs) must, therefore,
be familiar with the variety of injuries that can affect the knee.
Osteochondral fractures influenced by osteoarthritis are not
especially common in young adults, but with the increased
number of athletes participating in many settings, including
colleges and universities, the ATC must be aware that a young
athlete can have osteoarthritis. However, documentation of
young athletes with osteoarthritis has been limited. 1 Osteoar
thritis and osteochondritis dissecans are 2 conditions associated
with osteochondral fractures. By recognizing the need for a
more thorough evaluation of an athlete who may have an
osteochondral fracture, one may help reduce the chance of
further damage to the knee joint.
CASE REPORT

While training in the summer for the upcoming volleyball
season, a 20-year-old, female, African-American, collegiate
volleyball player began to note swelling and pain in her left
knee. She had no history of injury to the left knee and no
complaints of locking. Until this time, she had been running,
weight training, and playing an occasional pick-up game of
volleyball. Evaluation by her physician at home revealed
Address correspondence to Jessica S. Baum, MS, ATC, CSCS, Fre
donia State University, Dods Hall, 54 Gushing Street, Fredonia, NY
14063. E-mail address: jbatc@yahoo.com

80

Volume 35 • Number 1 • March 2000

Uniqueness: Osteochondral fractures are usually associated
with some type of traumatic mechanism, such as a rotational
and compressive force. Also, osteoarthritis is not common in
young collegiate athletes. However, this 20-year-old volleyball
player had no apparent injury and lacked the usual signs and
symptoms (eg, locking, giving way, crepitus, loss of range of
motion) associated with an osteochondral fracture. The ath
lete's susceptibility to an osteochondral fracture was increased
by the presence of osteoarthritis.
Conclusions: The athletic trainer should consider the pos
sibility of an osteochondral fracture in an athlete with persistent
effusion and pain in the absence of a traumatic mechanism of
injury.
Key Words: osteochondritis dissecans, knee injury

patellofemoral crepitus bilaterally; no anterior, medial, or
lateral instability; and genu recurvatum in her left knee,
whereas her right knee extended fully. Plain film x-rays
showed the early stages of patellofemoral chondrosis bilater
ally. A magnetic resonance imaging (MRI) scan performed to
rule out internal derangement of her left knee demonstrated a
2.5-cm posttraumatic injury to the left medial femoral condyle,
which appeared to be causing a cartilaginous defect. The
radiologist suggested that these injuries may have indicated the
development of osteochondritis or osteonecrosis.
The athlete was referred to a sports medicine clinic near her
home by her primary care physician. At this examination, she
had a 2+ effusion and mild pain with patellar compression of
the left knee. There was also the impression of a loose articular
fragment. She was advised that, if the swelling and pain did not
resolve in 4 to 6 weeks, arthroscopic surgery should be
considered. Upon arriving at the university for preseason
conditioning, the athlete was seen by a team physician. She still
had marked effusion and pain in her left knee. Twenty cubic
centimeters of blood and fluid were aspirated from the knee.
The athlete was permitted to perform limited practice skills,
and she began a rehabilitation program for both knees. Reha
bilitation consisted of basic quadriceps strengthening with a
focus on the vastus medialis oblique. The exercises included
quadriceps sets; straight-leg raises (SLRs) in neutral, internal,
and external rotation of the femur; quadriceps short arcs;
terminal knee extensions; leg extensions; hamstring curls;
4-way hip machine; and stationary biking in place of running
for general conditioning. She continued to have swelling and
pain while practicing. Therefore, we eliminated practice while

incorporating sport-specific exercises and decreasing the
weight, number of repetitions, and sets. Despite these modifi
cations, she continued to have a large effusion and pain.
The athlete was seen by the team physician after 2 weeks
and was scheduled for arthroscopic surgery. At surgery, diffuse
grade I to grade II chondromalacia of the articular surface of
the patella was found. The trochlear groove and tracking of the
patella appeared normal. The anterior cruciate ligament was
intact, and the lateral compartment, lateral femoral condyle,
and lateral meniscus were normal. Upon examining the medial
compartment, the surgeon found a large, full-thickness defect
in the medial femoral condyle, along with a large, loose body
of articular cartilage and small portion of free-floating subchondral bone (Figures 1 and 2). The loose body was removed,
and the partially attached articular cartilage was debrided with
a power shaver and laser. The patella was also debrided due to
the grade I to grade II chondromalacia. Attention was then
turned to the medial femoral condyle. An awl was used to
encourage clot and fibrous growth formation (Figures 3 and 4). Figure 2. Free-floating fragment displaced from the defect site on
Satisfied that all pathology had been identified, the surgeon the left medial femoral condyle (see Figure 3).
irrigated the knee and closed with sutures.
The athlete was nonweightbearing on crutches for 6 weeks.
She wore a compression wrap for the first 10 days. One day
after surgery, she began basic rehabilitation consisting of
patellar mobilization, quadriceps sets, heel slides, and passive
range-of-motion (ROM) exercises. She continued upper body
strength training with the volleyball team, providing the
exercise was nonweightbearing. The athlete was seen 1 week
later at the university for a postoperative visit. Her ROM was
0° to 110° of flexion and extension. Her knee was aspirated of
60 cc of blood. Rehabilitation was to continue with limited
passive flexion and SLRs, with a progression to internal and
external rotation of the femur. The surgeon saw the athlete
every 2 weeks, aspirating the knee for comfort and to assist and
maintain ROM. By 3 weeks postoperatively, the athlete was
using isotonic equipment for leg extensions and hamstring
curls. She was also performing SLRs in 3 directions and 4-way
hip exercises with ankle weights while nonweightbearing. She
also began to bicycle, first to increase ROM and progressing to
Figure 3. Osteochondral defect after the drilling of multiple holes
hiking at a level for general body conditioning with low with an awl to encourage fibrous growth.
resistance.
At 6 weeks, she was allowed to bear partial weight, and by
7 weeks, she was bearing full weight. The athlete then began to perform 4-way hip exercises while weightbearing. She contin
ued to use isotonic equipment for leg extensions and hamstring
curls. The amount of weight changed according to tolerance
and improvement in strength. By week 10, she was allowed to
begin practicing the techniques for free-weight lifting, such as
back squats and front squats. During week 13, she began to
gradually add weight. She was to lift light weights, as long as
she had no soreness, swelling, or effusion, until seen by the
physician. At 18 weeks, she had full ROM, increased quadri
ceps strength and definition, and no effusion. She was to
continue rehabilitation, and she was also allowed to start
low-impact aerobics. She participated in aerobics twice a week
and included more low-impact work using a stair stepper. The
athlete was also allowed to progress to different types of
free-weight lifting, which included more power movements
using the bar for weight. At this time, the athlete saw the
physician as needed. She continued her maintenance program
for basic physical fitness. Her physician advised her not to
return to volleyball or other competitive, high-impact sports
due to the presence of osteoarthritis in her knee. She was
Figure 1. Osteochondral defect of the left medial femoral condyle.
allowed to continue weight lifting and low-impact aerobic
Journal of Athletic Training

81

effusion having a deleterious effect on the knee, the team
physician aspirated the knee as needed.
As healing proceeds, a hematoma is formed where the injury
has crossed the osseous endplate on the articular surface.3'8-9
This area is highly vascularized, and healing will be encour
aged as long as the underlying tissues are not compromised by
the inflammatory process. Over time, a fibrin clot emerges
from the hematoma, 1 '8'9 and the end result is fibrocartilage. 1 '3'8'9
Early recognition and proper treatment of Osteochondral
fractures help to reduce the chance of further damage to the
knee joint.4 Loose fragments within the joint can cause damage
to other articular surfaces, leading to further degeneration
within the joint.4
Osteoarthritis

Osteoarthritis leads to the degeneration of weightbearing
joints in a progressive manner. 1 - 10~16 Of all the types of
arthritis, Osteoarthritis is the most prevalent.9' 15 Many factors
influence the occurrence of Osteoarthritis within the knee,
including the anatomy of the knee, the physiology of cartilage,
activity. More than 2 years after surgery, she has returned to sex, race, heredity, age, and mechanical stress.9' 13- 15' 17- 18
normal activities but not to competitive intercollegiate volley- Even though articular surfaces are most commonly affected,
ball.
peripheral structures of the joint can suffer secondary
changes.4' 11 Although this disease is quite common, the cause
obscure.9- 1 u3' 19 The joint cartilage is affected first, so
remains
DISCUSSION
Osteoarthritis consistently presents with chondral lesions. As
the disease progresses, it becomes more severe as damage to
Osteochondral Fractures
the articular surfaces increases.9' 10 Many times, the joints will
Osteochondral fractures occur on the articular surfaces of enlarge and become deformed. Pain associated with the disease
weightbearing joints. The fragment consists of a layer of increases as degeneration advances.9' 11 While the knee might
articular cartilage and subchondral bone2 and results from be the most affected weightbearing joint, it is second only to
direct impact or twisting forces on the articular surfaces. the hand. 1 ' 10' 11 ' 15' 19'20 The pincer motions and repetitive move
Osteochondral fractures, most often affecting the medial fem ments of the hand render it susceptible to Osteoarthritis. 10
Four structures of the knee are commonly compromised by
oral condyle,3'4 frequently occur in association with patellar
the posterior patella, medial and lateral femoral
Osteoarthritis:
dislocation. 3 This type of traumatic Osteochondral fracture,
tibial plateau.9- 13 Although the knee has struc
and
condyles,
considered a shear injury, occurs when 2 articular surfaces
the forces generated by movement, these forces
absorb
to
tures
slide past each other.5'6 These forces may lead to the shearing
off of a layer of articular cartilage covering the condyle.5 In our can be, and are, conducted through the subchondral bone
patient, the fracture included the osseous structure of the because the articular cartilage is thin.9 The thin, poorly
medial femoral condyle. One point of uniqueness in this vascularized cartilage is susceptible to degeneration.9- 13- 14 In
patient's case is that she had no apparent trauma to cause the our patient, the damage from Osteoarthritis promoted the
development of an Osteochondral fracture. The cartilage's
injury.
Chondral delamination is the separation of the articular ability to function as a shock absorber had become impaired,
cartilage from the condyle. Certain sport populations are which made it more likely that the athlete would become
susceptible to this type of injury, especially those in activities injured, whether a traumatic event occurred or not.
Articular cartilage functions as a type of shock absorber
requiring quick cutting motions and speed changes.7 The
recognition of this injury has grown because of a higher level within the knee, 1 - 11 ' 17- 18 which renders it highly susceptible to
of awareness7 and increased participation in sports such as degenerative changes.9' 14 The stresses that are inflicted upon
soccer. This injury is diagnosed through a physical examina the cartilage provoke the changes that occur as a result of
enzymes released when the cartilage is damaged.9' 13' 14 The
tion, MRI scan, and arthroscopic evaluation.4
Athletes with Osteochondral fractures and chondral lesions composition of cartilage allows it to cushion joints from the
have diffuse pain along the joint line. Crepitus and effusion are forces inflicted upon them. Water permits the cartilage to
quite often present,4"7 but the ligaments are usually stable. A compress in response to the forces acting upon it. Collagen also
full-thickness defect in an articular surface, if not recognized helps to form cartilage throughout the body, 1 '9' 13- 15- 17 giving
early and treated appropriately, can result in further damage to cartilage its fibrous structure and strength and lasting through
the joint. For example, the accompanying inflammation and out life. Because it is long lasting, collagen is subjected to the
effusion can compromise the vascular system of the joint, many stresses and metabolic changes that occur during the life
which may lead to necrosis of the articular structures of the cycle. Along with water and collagen, chondrocytes also help
knee. However, along with its negative effect, inflammation to form the cartilage.9' 13' 17 Chondrocytes depend on the matrix
also provides the healing mechanism for any type of cartilag and synovial fluid for nourishment because cartilage is mostly
inous defect.8 To help reduce the chances of our patient's avascular. As people age, the water content lowers slightly, and

Figure 4. Osteochondral defect upon completion of debridement
and smoothing with laser equipment.
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the activity of the chondrocytes lessens. 9' 13 It was once thought
that chondrocytes cannot replicate in order to replace dead or
damaged areas of cartilage. However, in vitro studies in
rabbits9 have shown that these special cells can divide mitotically. Cartilage transplantation is a new technique, and data
are being collected regarding success rates and long-term
effects.
Cartilage has a limited ability to repair itself. 9 Thus, fraying
of the articular cartilage occurs from normal wear, abnormal or
excessive stress, and osteoarthritis. 9' 13 Osteoarthritis usually
appears initially as pits or frayed, eroded, or cracked articular
cartilage. Once the cartilage begins to degenerate, the process
continues down to the subchondral bone. Once that occurs, the
subchondral bone is an open target for degenerative changes,9
although the athlete's individual characteristics may influence
the occurrence of osteoarthritis.
Studies conducted on various populations have shown a
strong correlation between first-degree relatives and the
occurrence of osteoarthritis. 19 Age influences the onset of
osteoarthritis as the metabolic processes within the body
slow. 9' 13 ' 15 ' 18 Osteoarthritis is most commonly seen in
people 65 years of age and older, with about 85% of the
population being affected. 21 One third of this population has
radiographic evidence of osteoarthritis. 11 '20 Women have a
higher occurrence rate of osteoarthritis, although the onset is
usually not until after menopause or after 54 years of
age. 15 '21 '22 Eleven percent of women and 6% of men are
affected. 21 White and African-American populations seem
to be affected at the same rate. 15 '22 Our patient was a
20-year-old woman with osteoarthritis.
Osteochondritis Dissecans
Osteochondritis dissecans (OCD) is a common occurrence
associated with osteoarthritis. 15'23 This condition results in
loose bodies within a joint, pieces of articular cartilage that
have separated from the subchondral bone to which they were
attached. 3 '22'24 Many times, this leads to locking, pain, and
swelling within the joint. The knee is most often affected, and
the medial femoral condyle is the site from which most of the
fragments are separated. 15'23 '25 The difference between an
osteochondral fracture and OCD has to do with causation.
Osteochondral fractures, as mentioned earlier, are usually the
result of some type of trauma, and their occurrence may be
influenced by osteoarthritis. 5 OCD may develop when some
type of necrosis has occurred in the area. 15'23 The loose bodies
within the joint are dislodged by repeated trauma to the
damaged tissue. 3 '22'24 An osteochondral fracture involves the
subchondral bone that lies under the articular cartilage2'4'5 ;
OCD usually involves just the articular cartilage, and while it
may reach to the subchondral area under the cartilage, the bone
remains intact. 2 Because it involves subchondral bone, an
osteochondral fracture will bleed. A fragment from OCD will
have a layer of fibrous tissue and will be associated with an
effusion. The necrosis resulting in Osteochondritis means that
there will be very little, if any, blood in the effusion. 26
Osteochondritis dissecans occurs in approximately a 2:1
male to female ratio. 22 The occurrence of OCD peaks at 10 to
20 years of age, and the most common cause is participation in
sports. The knee is the most frequently affected joint (85%),
and the elbow and ankle are second with 10% combined.22

Diagnosis
Early diagnosis of an osteochondral fracture is very impor
tant. Many times, the signs, symptoms, and history indicate the
probability of a meniscal tear. 2 The mechanism is usually a
twisting or cutting motion, and the athlete may have heard a
"pop" or "snap" at the time of the injury. The athlete may have
locking when extending the lower leg, and effusion will be
present. There will also be pain when bearing weight on the
knee.2
With modern technology, diagnosing an osteochondral frac
ture and its predisposing conditions is becoming less compli
cated. Initial x-ray films may show the fracture site or the loose
body, or both. Various x-ray views should be taken to see the
fragment,2 although radiographs do not always show the
fragment (Figures 5 and 6). If the fragment cannot be seen, it
may be in the suprapatellar space, as in our patient. 2 If the
fragment or fracture site cannot be seen, an MRI scan may be
ordered to rule out the possibility of a meniscal tear or an
osteochondral fracture.
MRI scans are very effective in demonstrating signs of
chondral lesions. Although the history is very important,
symptoms may be nonspecific, which can cause problems
when the examiner is trying to determine what the possible
injury could be. A study of 156 patients investigated what
percentage of knee disorders could be correctly diagnosed
through history, physical examination, and routine radio
graphs. 27 The primary diagnosis was correct in 83%. The
diagnoses frequently missed were chondromalacia and loose
bodies within the joint, illustrating the importance of a com
plete history and thorough evaluation before an MRI scan is
ordered. If pain and symptoms persist, an MRI scan may be the
only way to correctly identify chondromalacia, osteochondral
fractures, and Osteochondritis dissecans. 27 In our patient, the
radiographs and MRI scan showed damage to the knee, but the
official diagnosis and determination of the extent of damage
were not made until arthroscopic surgery was performed.
Treatments
Removal, replacement, drilling, microfracture, abrasion, la
ser surgery, and mosaicplasty are procedures used to treat

Figure 5. Anterior view of both knees. X-rays were taken 3 1/2
weeks before surgery. Effusion was present. No fragment or defect
can be seen.
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Figure 6. Lateral view of the left knee. The free-floating fragment
cannot be seen.

osteochondral injuries. 28 Recently, cartilage transplants have
been performed, and results are being analyzed.
Treatment of osteochondral fractures of the knee is often
invasive, especially with arthroscopic surgery becoming
more common. 2 ' 24-28 "30 Part of the reason for this is to
identify the size of the defect and fragment. Once the defect
has been found, the surgeon then decides if the fragment
will be replaced or removed. When working with a recent
fracture, within the first 10 days, it is common to replace the
fragment. 2 After 10 days, the site begins to fill with fibrous
tissue, and the fragment will no longer fit. 31 Success of
fragment reattachment is also influenced by the size of the
fragment and whether the area is weightbearing. 2 If the
fragment can be replaced, at least 2 small compres
sion screws are used. 2' 3 '31 If the fragment cannot be re
placed, it will be removed. 3
Our patient was treated by having holes drilled in the bone
from which the fracture originated. 6'31 The fracture site was
first debrided of any loose pieces of cartilage using a power
shaver and laser. By creating holes in the area of the defect, a
clot was encouraged to form. After this clot has formed, a
fibrous growth or fibrocartilage, or both, will form.6'31 Due to
the amount of time that had passed between the time of injury
and the arthroscopic surgery, the fragment was not replaced.
CONCLUSIONS

The athlete had an injury that is becoming more recognized
with the rise in the number of people participating in compet
itive and recreational sports.' Her case is unique in the fact that
it was influenced by osteoarthritis. Osteoarthritis is a common
occurrence in the elderly, but it is not usually seen in a
20-year-old, competitive athlete."' 12' 19'20 Information re
corded by the physicians who examined the athlete was
reviewed, and the injury was discussed with the athlete.
Pertinent information was gained through extensive review of
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literature pertaining to the topics of osteochondral fractures,
osteoarthritis, and osteochondritis dissecans.
Very little information is available on osteoarthritis in young
athletes. There is a likely possibility that osteochondral frac
tures occur more often than recognized. This was an unusual
case because the osteochondral fracture was influenced by the
presence of osteoarthritis and other conditions, and its occur
rence was atraumatic. If a fracture is not detected with initial
x-ray films, it may be misdiagnosed as a meniscal injury. The
fracture will then be discovered with an MRI or during the
arthroscopic surgery. Because of this, it is possible that these
fractures occur more often than thought.
Osteoarthritis rarely occurs in young adults, so the possibil
ity of its occurrence is often overlooked. Osteoarthritis may
influence the occurrence of other conditions that affect athletic
performance in young athletes.
Osteochondral fractures can influence the occurrence of
further damage within the knee. Osteoarthritis present within
the knee may cause the knee to be more susceptible to
osteochondral fractures. An atraumatic osteochondral fracture
is more likely to occur when osteoarthritis is present. A
thorough history, radiographs, and an MRI are essential tools
in diagnosis, although these techniques may not always raise
the suspicion of, or show, the defect. Many techniques can be
used to treat an osteochondral fracture. With prompt recogni
tion and proper treatment, the chance of the athlete's returning
to a relatively active way of life is increased.
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Aneurysmal Bone Cyst in a Female
Collegiate Field Hockey Player: A Case
Report
David C. Berry, MA, ATC; Julie Barton, BS, ATC;
Richard G. Deivert, PhD, ATC
Ohio University, Athens, OH
Objective'. To present the case of an intercollegiate field
hockey player with an aneurysmal bone cyst of the femur and
the clinical decision making necessary in the evaluation, man
agement, surgical intervention, and positive outcome of this
athlete.
Background: A 21-year-old field hockey player presented
with signs and symptoms typical of a deep thigh contusion. She
had no history of direct or indirect trauma, infection, or previous
injury.
Differential Diagnosis'. Aneurysm, bone cyst, chondroma,
giant cell tumor, osteochondroma, osteosarcoma, osteoid osteoma.
Treatment. When her symptoms persisted beyond 6 months
despite conservative care, she underwent radiographs, mag
netic resonance imaging, and bone scan, which revealed a
lesion in the right femur. At surgery, the lesion was diagnosed

B

one cysts in an active athletic population are not readily
considered as the primary etiology of an athlete's pain
during an athletic trainer's physical examination. Com
plaints of deep aching pain, pain during and after activity, and
pain that occasionally awakens the athlete are common in
active patients and found in a variety of medical conditions. In
active patients, benign tumors such as an osteoid osteoma,
aneurysmal bone cyst, and chondroblastoma can masquerade
as common sport-related conditions such as muscle strains or
tendinitis. ' The aneurysmal bone cyst (ABC) is a specific type
of bone cyst common in females and in the first 3 decades of
life. This cyst is considered a rare, solitary, expansive vascular
lesion. 2"5 Vergel De Dios et al6 found that 55% of ABC
patients were in their second decade of life. ABCs can occur
anywhere, but, in half of the reported cases, researchers most often
located them in the metadiaphysis of the long bones, especially
the lower extremity.2'3'5'7"9
The etiology and pathogenesis of ABCs are not well known.
However, ABCs are thought to occur because of a specific
pathophysiologic change, probably from direct trauma or a
tumor-induced anomalous vascular process resulting from a
local circulatory disturbance in the affected bone. 3"5 ABCs are
associated with a preexisting lesion such as giant cell tumor,
chondroblastoma, or fibrous dysplasia in 30% to 50% of
Address correspondence to David C. Berry, MA, ATC, 10287 Porter Lane,
Athens, OH 45701. E-mail address: db727589@oak.cats.ohiou.edu
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as an aneurysmal bone cyst, and it was excised by an incisional
x-ray-guided biopsy followed by curettage and bone grafting.
Uniqueness: The aneurysmal bone cyst presented as a
typical thigh strain or deep contusion during the athlete's
training and conditioning season. After all forms of conservative
management proved ineffective, the athlete was referred to her
physician. A detailed history and physical examination demon
strated no underlying musculoskeletal pathology coinciding
with the athlete's symptoms.
Conclusions: Increased clinical awareness is necessary
when conservative management fails to resolve an athletic
injury in an appropriate length of time. Proper diagnostic tools
are essential in determining the pathology of the injury and
whether surgical intervention is needed.
Key Words: bone graft, curettage, giant cell tumor, lytic
lesion
3-5

cases.
The idea that ABCs are preexisting lesions has led
some investigators4'5 to suggest that "there really is no such
thing as an ABC, rather that all lesions called ABC are reactive
lesions due to something else."4 Although ABCs are consid
ered benign, the precursor lesion from which they arise may
actually be malignant. 5 Due to the potentially serious condi
tions that may be associated with an ABC, it is imperative that
a physician administer a thorough history and physical exam
ination, including diagnostic imaging, to properly diagnosis
and treat the lesion. We present an outline for the clinical
decision making in the evaluation, management, surgical
intervention, and positive outcome of an athlete with an ABC.
CASE REPORT

A 21-year-old female field hockey player complained of 6
months of pain and discomfort in her right thigh. The athlete
described a deep aching pain circumferentially about the
midthigh, with occasional sharp pain, especially after activity,
3 months before a medical diagnosis. (She was seen initially by
a physician.) She also reported that pain occurred spontane
ously without activity and infrequently awakened her at night.
The athlete herself attributed the pain to her reconditioning or
to the discomfort often felt during adolescent growth periods.
She continued to participate in both recreational activities and
sports, with pain as the limiting factor. There was no history of
direct or indirect trauma to the area, no changes in strength or

range of motion (ROM), no recent infection, and no significant
past medical or family history.
During the athlete's summer conditioning, the symptoms in
her right leg worsened. She was referred to her physician, who
noted full ROM and functional strength of her right knee, hip,
and ankle on physical examination. She had exquisite tender
ness with palpation over the posterolateral aspect of the
midfemur, but no soft tissue mass was palpable and the
overlying skin appeared normal. She presented with no appar
ent change in gait and reported no pain with walking or stairs.
There was no effusion, and both thighs were symmetric in
shape and proportion. She had no lymphadenopathy in the
axillary, cervical, or inguinal regions. Two cafe-au-lait spots
were noted, 1 on the anterior aspect of the thigh and 1 opposite
on the posterior side that coincided with the area of the dull
achy pain. Cafe-au-lait macules are pale brown areas of
increased melanin in the skin that can occasionally be markers
for systemic diseases, including neurofibromatosis. 10 Palpation
of the hip, distal thigh, and knee revealed no tenderness.
Neurovascularly, she was intact.
Radiographs were taken 3 months after the onset of pain,
when she had no improvement with a course of conservative
home management. A cortically based lytic lesion measuring
2.0 cm X 0.9 cm within the mid-diaphyseal region of the right
femur was identified. The radiographs also suggested some
cortical buttressing and thickening in the right femur. To
acquire a better understanding of the extent of the lesion from
both soft tissue and bony standpoints, the physician ordered a
magnetic resonance imaging (MRI) test. The MRI demon
strated a 2.0 cm X 1.0 cm X 0.8 cm cortically based lesion
involving the mid-diaphysis of the right femur (Figures 1 and
2). The lesion in the posterior cortex appeared to have a fluid
component with abnormal signal over a 7-cm to 8-cm span
within the bone marrow. Some peripheral enhancement poste
rior to the cortex was also noted, but it was determined to
involve only minimal soft tissue components. A bone scan 3
days later confirmed the area of increased uptake, which
corresponded to the lesion in the right midfemur. The bone
scan also revealed another possible lesion in the left distal
femur, which increased the likelihood of possible metastatic
disease. Follow-up radiographs 1 week later demonstrated no
new growth in the right femur, whereas a radiograph of the left

Figure 1. MRI of the aneurysmal bone cyst as it invades the
periosteum of the bone.
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Figure 2. MRI cross-section of the aneurysmal bone cyst within the
periosteum of the bone.

distal femur demonstrated a cortically based radiolucent lesion
with a large rim of reactive bone, suggesting an old nonossifying fibroma. The left leg would be radiographed at later dates
to determine whether a change in size or composition of the
fibroma could be noted.
After multiple scans of the lesion and a preliminary diagno
sis of a benign tumor, the athlete was referred to an oncologist,
who concurred with the initial physical examination. The
differential diagnosis of the lesion represented a benign but
aggressive process, possibly an aneurysm or bone cyst. The
physician could not exclude a number of other entities,
including a surface osteosarcoma, osteoid osteoma, chondroma, or osteochondroma. The physician advised an incisional x-ray-guided biopsy, followed by curettage and bone
grafting. If a frozen section revealed that the tumor was
malignant, there was a possibility that only a needle biopsy
would be performed and the definitive procedure delayed until
the best course of action could be determined.
During the needle biopsy, a 5-cm longitudinal incision was
made in the midposterior lateral thigh. A brown fluid was
noted within the lesion. The lesion was curetted, and the biopsy
specimen was sent to pathology. The pathologic interpretation
was that this lesion was clearly benign, and the athlete
underwent excision of the ABC. The periosteum overlying the
lesion was elevated, a very thin rim of eggshell bone was
further perforated with the curettage, and the entire cavity was
curetted free of the lesion. An appropriate amount of allograft
bone paste was impacted into the lesion, and the excess was
removed. The graft was held in position while it dried and
hardened. Closure was carried out using sutures and wound
closure strips. A dry dressing was applied along with an elastic
bandage.
The athlete was permitted to bear weight as tolerated after
the surgery. However, at the time of suture removal 9 days
later, the cutaneous skin was seeping and soft to palpation. She
was then put on bed rest for 2 weeks, after which she returned
to nonweightbearing crutch walking. The athlete was seen for
a follow-up visit 3 weeks after the surgery. The right posterior
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thigh was nontender, and she had been walking with the
crutches as instructed. Further examination showed a wellhealed incision with no evidence of infection, erythema,
drainage or swelling. The athlete demonstrated tightness in the
hamstrings, although she could extend the knee to 120°.
Follow-up radiographs showed that the allograft did slightly
displace; however, the femur was intact (Figure 3). The athlete
was given a 19-kg (30% body weight) weightbearing limit
during crutch walking to help protect the bone graft until the
next follow-up visit. She began active knee flexion and
extension ROM exercises, in the prone and sitting positions,
along with mild passive hamstring stretching. The athlete
remained cautious with her weightbearing activities.
One month later, the athlete returned for her second fol
low-up visit. She had no pain or discomfort in her right thigh
and no evidence of infection, drainage, swelling, or tenderness.
ROM and flexibility of the hip, knee, and ankle were within
normal limits. Another set of radiographs showed cortical
destruction, consistent with previous radiographs, and minimal
bone graft incorporation. She was instructed to continue using
crutches with a 31.8-kg (50% body weight) weightbearing
limit for 2 more weeks, followed by a slow weaning from the
crutches. She was instructed not to participate in any vigorous
activities but was allowed to begin a progressive exercise
program to reduce muscular atrophy and improve strength.
Activities included a 5-minute warm-up on a stationary bike,
quadriceps sets, and straight-leg raises in 4 directions, the latter
both lying and standing and progressing from 0 kg to 4.54 kg.

Short arc extensions progressed to 4.54 kg, and when full
weightbearing was achieved, standing heel raises were imple
mented. Knee flexion and extension exercises with green and
blue Thera-Band (Hygenic Corp, Akron, OH) were included in
the activities. All exercises began with 1 set of 10 repetitions,
progressing to 3 sets of 15.
Three months after curettage and grafting, by which time the
athlete was bearing full weight, she reported no discomfort
about the right thigh musculature or bone. No tenderness was
elicited about the posterior thigh or incision site. ROM in the
hip, knee, and ankle and strength were graded as excellent.
Radiographs showed consolidation of the graft placed in the
cortical defect after the curettage. She had permission to
steadily increase her activities, which included light jogging,
use of a stationary bike for a longer duration, and lower
extremity exercises with a 27.2-kg load restriction. Four
months after surgery, she resumed normal activities of daily
living and limited participation in sports, including running
continually up to 15 minutes and noncontact activities. Sportspecific activities were inconsequential because her field
hockey season and collegiate eligibility were over. Seven
months after the procedure, the athlete was cleared by her
physician to participate in normal activities. She was dis
charged from the physician's care 3 months later.
DISCUSSION

An accurate diagnosis is essential for appropriate treatment
after conservative management has not produced desired out
comes. In order to accurately evaluate the athlete with a
possible ABC, the clinician must understand which popula
tions are most often affected; signs, symptoms, and usual
locations of ABCs; and the impact of ABCs on future sport
participation.
Etiology

Figure 3. Close-up radiograph of the bone graft 3 weeks after
surgery.
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The term "aneurysmal bone cyst" was first used in 1942 by
Jaffe and Lichtenstein to describe blood-filled cysts in which
tissue from the cyst wall contains spaces.5 ' 11 ' 12 ABCs are
eccentrically located vascular lesions with the appearance of
blowing out the bone. Thus, the descriptive term "aneurysmal"
is used to emphasize the "blown-out, distended" contour of the
affected bone, and "bone cyst" describes the appearance of the
lesion when it enters through a thin shell of bone, appearing
largely as a blood-filled cavity. 5 The etiologies of ABCs are
unclear, although researchers have proposed different theories.
These include (1) cyst formation secondary to infection and
inflammation, (2) formation secondary to trauma, and (3) a
lesion precursor, such as a benign bone neoplasm. 5 ' 11 ' 13" 15
Radiographically, benign bone cysts are seen in long bones as
centrally located lucencies within the long axis of the bone. 3
Capanna et al2 have classified cysts into 3 stages based on
radiographs. Stage 1 is a latent or inactive cyst, in which the
periosteal shells are intact and a reactive rim defines the inner
limits of the bone. Stage 2 is an active cyst; the periosteal shell
becomes incomplete, but limits of the bone are still defined.
Stage 3 is an aggressive cyst, in which there is no reactive bone
formation, no shells are evident, and the limits of the bone are
not defined.
As many as 30% to 70% of ABCs affect people from 10 to
21 years of age, but ABCs can occur anytime in the first 3
decades of life.6'5 ' 14 ' 16 Jaffe and Lichtenstein 12 suggested that

Computed tomography and MRI are useful tools in diagnos
females are more likely to develop ABCs. Approximately 50%
of ABCs are found in the long bones, 30% in the spine, and ing ABCs of the axial skeleton. The computed tomography
18% in the flat and short bones2'3 '5 '7'8 Age distribution accord scan uses multiple fluid levels to show an interrupted cortex in
ing to lesion location demonstrated that 86% of ABCs located areas where the plain radiographs cannot. 5' 15 Alternately, an
in the long bones occurred in a population under the age of 20 MRI using either a weighted Tl or T2 image can enhance a
years. 6 Most patients develop some type of pain or swelling, or lesion with a lobulated contour. 5 ' 15 The MRI image also can
both, with symptoms usually present for less than 6 show characteristics of a spongy appearance, giving further
months. 5 '6' 17 Vergel De Dios et al6 reviewed 238 cases and information about the fluid content and the vascular nature of
found that pain and swelling were the 2 most common clinical the lesion. A third and reliable method of lesion detection is the
features: 113 patients complained of pain; 43, of a mass use of bone scintigraphy, which can show increased uptake of
swelling; and 55, of both pain and swelling. Along with pain radionuclide. Kransdorf and Sweet5 have reported an 88%
and swelling, pathologic fractures are not uncommon. 5 '6' 1 M3 ' 15 accuracy rate for bone scintigraphy when diagnosing a lesion.
ABCs can occur in any bone in the body but are readily found
in the metaphyses of the long bones.5' 17' 18 The pathogenesis of
ABCs is not well understood. Researchers suggest that ABCs are Intervention
a secondary reactive lesion of bone, occurring because of hemoOnce the lesion has been identified, some type of inter
dynamic disturbances. 2' 13' 15' 16 Erosion and widening of the cor vention is in order. The progression of the ABC varies from
tical and cancellous bone occurs. 17 Around the lesion is a shell extremely aggressive to slow growth and maturity. The
formed by new periosteal bone, which occasionally may be only elective treatment of choice is surgery. En bloc (marginal
millimeters thick. 17' 19 Some investigators have proposed 2 forms resection) is a radical excision of the cyst, usually done
of ABCs, a primary and a secondary form. The primary ABC has when there is "expendable bone." 11 ' 15 This method of
no identifiable preexisting lesion or history of trauma. The intervention results in recurrence-free healing and normal
secondary ABC has an identifiable precursor. Approximately one joint function 15 ; it is usually performed when the ABC is
third of recorded cases have a preexisting lesion or an identifiable growing superficially and involves no more than one third of
precursor.5' 17 The most common identifiable lesions are giant cell
the bone width. A segmental resection is used when it will
tumors, osteoblastoma, and chondroblastoma.5'6' 11 ' 16 " 18 Trauma,
not interfere with normal joint function, such as for ABCs of
whether direct or indirect (such as bursitis, ankle sprains, or
the ulna or fibula. 15
hyperextension injuries), can also be the precursor to a secondary
Typical treatment of singular lesions includes curettage or
ABC."
curettage and bone grafting. It is estimated that a recurrence
rate of 10% to 44% is possible. 5' 12' 15 This recurrence generally
Evaluation and Diagnostic Imaging
occurs because a window is opened in the periosteal shell by
the surgeon or because of involvement of the subchondral
The ideal therapeutic goals for managing a patient with a
bone. 11 ' 15 Curettage itself involves the scraping of abnormal
bone tumor are as follows: (1) do not overtreat a benign bone
autogeneic bone
tumor; (2) do not undertreat a malignant bone tumor; and (3) tissue away from the bone. Allogeneic and
suggest an
researchers
Some
place.
into
put
then
are
grafts
do not misdirect the biopsy approach to the lesion, thereby
and
Cryotherapy
curettage.
using
when
approach
adjunct
converting a more conservative operation (curettage, en bloc
rate
the
reduce
help
to
used
being
increasingly
are
cementation
excision) into a more radical operation (amputation). 20 In order
to achieve these therapeutic goals, a thorough clinical exami of recurrence after curettage. Cryotherapy uses rapid cooling
nation should be performed. Clinical features such as age, bone and slow thawing to maximize cell death. l6 After 47 months of
shape and placement, clinical symptoms, margin and matrix follow-up, 26 of 27 patients who underwent curettage with
makeup of the lesion within the bone, and multiplicity need to cryotherapy showed no recurrence of their lesions. 15
The main goal of cementation on a benign bone tumor is the
be identified. 9'21 Diagnostic imaging then becomes a powerful
thermal effect,23 which extends a few millimeters into the
tool in the diagnosis of lesions and tumors.
The goals of imaging include providing a reasonable differ surrounding tissue and helps to reduce the rate of recurrence, in
ential diagnosis with emphasis on the aggressiveness of the a manner similar to cryotherapy. 23 '24 Advantages of cementa
lesion, guiding the clinician in a biopsy procedure to help with tion are that the bone cement usually takes on the mechanical
surgical staging, and providing helpful follow-up to those who stress of the bone and helps to prevent fractures. 24 Larger
undergo surgical treatment and removal of the lesion. 6 Con lesions or those located in areas of high stress are better treated
ventional radiographs typically show the radiolucent lesion as by cementation than by bone grafting. Finally, cementation
it expands in an eccentric manner, often destroying the cor- allows for a quicker detection of local recurrence, both on
tex 5,15,22 Radiographs may show the "blown-out" contour of radiographs and MRI, when compared with bone grafting. 24
Other adjunct therapies may be used in combination with
the periosteum. The appearance of the expanded contour is the
of the surgical procedures. Therapies include (1) sys
any
periosteum,
the
by
bone
of
result of increased production
stimulated either directly or indirectly by some underlying temic chemotherapy, (2) radiotherapy, and (3) physical
pathophysiologic change.5 However, some radiographs may adjuncts such as phenol, hypertonic saline merthiolate, and
show aggressive lesions with poor margination that mimic a polymethylmethacrylate cement applied locally. 17 All ther
malignant tumor. 15 A single lesion in the body may suggest a apies have some advantages and disadvantages, with no 1
benign tumor, whereas multiple lesions increase the chance of therapy being superior to another. The choice of therapy
a malignant tumor. Further diagnostic imaging, such as a bone depends on the size, location, and type of lesion or tumor, as
scan, computed tomography, and MRI, helps to evaluate well as the age of the patient and whether the lesion is
metastases in some musculoskeletal lesions.
benign or malignant.
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CONCLUSIONS

Allied health professionals working closely with the adoles
cent athletic population must be cognizant of musculoskeletal
injuries and other pathophysiologic conditions that may present
as soft tissue injuries. Increased clinical awareness is necessary
when conservative management does not seem to resolve the
injury in an appropriate length of time. The use of proper
diagnostic tools can help to characterize the underlying pathol
ogy and identify an intervention that will resolve the injury,
thus allowing the athlete to return to activities of daily living as
well as continued sport participation.
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Marfan Syndrome in a Female Collegiate
Basketball Player: A Case Report
Richard Lopez, EdD, ATC; Julie Berg-McGraw, MS, ATC/L
Florida International University, Miami, FL
Objective: To present the case of an elite female basketball
player with Marfan syndrome diagnosed after a heart murmur
was found on preparticipation screening examination.
Background: Undetected Marfan syndrome can result in
sudden death during competition or practice. While those with
Marfan syndrome often present with characteristic skeletal and
ocular manifestations, the condition can go unnoticed if the
athlete is not exceptionally lean.
Differential Diagnosis: Homocystinuria.
Treatment: After a heart murmur was detected on a prepar
ticipation examination, the athlete was referred to a cardiolo-

H

aving to inform an athlete that he or she will not be
allowed to participate in sport is always difficult, even
more so if the athlete is unaware of the condition and
the condition is life threatening. Health care professionals must
not only educate the athlete regarding the available medical
options, but also provide the necessary emotional support and
counseling services. Our purpose is to present the case of a
female athlete with Marfan syndrome initially suspected on
preparticipation screening examination and to provide back
ground information on the syndrome, including its medical
management.
CASE REPORT

The patient was a 20-year-old female, white, Division I
intercollegiate basketball player. She was an international
student in her final year of intercollegiate competition and
planning to return home to play in the European professional
league. In the preparticipation physical examination, the uni
versity physician detected a grade 1/6 systolic ejection murmur
(ie, barely audible) during auscultation and recommended that
the athlete be evaluated by the team cardiologist.
Little in the patient's history suggested Marfan syndrome.
There were no diagnosed cases of Marfan or incidences of
sudden death in the immediate family. The athlete's murmur
had not been detected on previous preparticipation examina
tions by the same physician or when she competed in Europe.
Perhaps the murmur had not been detected because it was
barely audible or because the disease had progressed rapidly
over the previous year. She had mild myopia but had never
been diagnosed with ectopia lentis (ie, dislocated lens) or other
ocular problems. She reported no respiratory difficulties, neuAddress correspondence to Richard Lopez, EdD, ATC, Florida Interna
tional University, University Park Campus, Department of HPER, ZEB
250-A, Miami, FL33199.

gist, who advised the athlete to discontinue vigorous athletic
activity and undergo surgery to replace the ascending aorta
and aortic valve with a composite graft tube and valve. She is
presently waiting to undergo surgery.
Uniqueness: The athlete had neither an ectomorphic body
build nor a family history of Marfan syndrome.
Conclusions: Athletic trainers can play an important role in
the early detection of Marfan syndrome via a simple screening
procedure: comparing the athlete's arm span and height.
Key Words: aortic root dilatation, aortic aneurysm

rologic problems, or hernias, conditions often associated with
Marfan syndrome.
The physical examination, however, revealed significant
skeletal involvement. Those with Marfan syndrome are usually
tall, slender, and loose jointed, 1 '2 with disproportionately long
arms, legs, fingers, and toes compared with the trunk. Indeed,
she had the characteristically long arm span and the high lower
body to upper body ratio. Her arm span was greater than her
height, and her floor-to-pubis measurement exceeded her
pubis-to-vertex measurement (Figure 1). However, at first
glance, she did not appear to fit the "Abraham Lincoln
stereotype" because she was not exceptionally thin and seemed
to be of average weight for her height and average percentage
of body fat for her sex and age. Thus, the other distinguishing
skeletal characteristics had also been overlooked in the past.
Closer observation revealed that her fingers were long and thin,
and she had pectus carinatum (ie, pigeon-breast appearance in
which the sternum comes to a point). She had a high, arched
palate, and her feet were pronated. There was no evidence of
scoliosis, thoracic lordosis, or kyphoscoliosis, but she did
present with excessive ligamentous laxity. For example, she
was able to bend her thumb backward so that it touched the
radius (Figure 2). She had no stretch marks, sparsity of
subcutaneous fat, or muscular hypotonia.
Auscultation by the cardiologist suggested a slight (grade
1/6) systolic ejection murmur. The electrocardiogram was
essentially normal except for sinus bradycardia, consistent with
her aerobic conditioning. The echocardiogram showed signif
icant dilatation (5.8 cm) of the ascending aorta, which was
substantiated (5.5 cm) on computed tomography chest scan. A
normal aortic diameter for a person of her height would be
approximately 2.5 to 3.0 cm. X-rays and laboratory tests were
normal. Based on the extent of dilatation, the cardiologist
recommended replacement of the aortic valve and ascending
aorta with a composite graft tube and valve.
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Figure 2. Pulling back the thumb so that it touches the radius
reflects hyperextensibility of the thumb.
Figure 1. The athlete's arm span is greater than her height, and her
lower segment is longer than her upper segment. (This is not
readily apparent because she is not exceptionally thin.)

DISCUSSION

Overview and Etiology
Marfan syndrome is an inherited, degenerative connective
tissue disorder with skeletal, ocular, ligamentous, cutaneous,
pulmonary, neurologic, abdominal, and cardiovascular mani
festations. 3 "4 Generally, it is inherited as an autosomal domi
nant trait, which implies that only 1 parent need have the errant
gene and that each child with 1 affected parent has a 50-50
chance of inheriting the disorder. In 25% to 33% of the cases,
however, neither parent has the disorder, but instead the
syndrome develops because of a spontaneous mutation in
either the egg or the sperm. The prevalence of Marfan
syndrome is currently estimated at 1 in 20 000, a rate consistent
in males and females and across racial and ethnic groups. 5
Unfortunately, we were not able to find any information
regarding its prevalence among athletes.
Because there are no specific laboratory tests for Marfan
syndrome, the diagnosis is generally based on a health history
and a clinical evaluation of the affected systems. The diagnosis
is complicated, however, because the syndrome presents with
varying degrees of expression, and its signs and symptoms may
overlap with other non-Marfan conditions. 1 For example,
Marfan syndrome should be distinguished from homocystinuria, which it may resemble clinically. Homocystinuria is an
autosomal recessive disease characterized by a deficiency in
the enzyme that converts homocysteine into cystathionine.
This condition results in an accumulation of homocysteine and
its subsequent oxidation and excretion in the urine as homocystinuria and a deficiency of cystathionine. Ectopia lentis and
pectus excavatum or pectus carinatum are common to both
syndromes, but patients with homocystinuria do not develop a
dissecting aneurysm. A malar flush, generalized osteoporosis,
and moderate to severe mental retardation are characteristic of
homocystinuria and are not found in Marfan syndrome. Ho
mocystinuria can be diagnosed with a positive urinary nitro-
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prusside test or definitively by paper electrophoresis of the
urine.
Marfan syndrome is referred to as a syndrome because it is
characterized by a group of physical signs or symptoms that
occur frequently enough for a pattern to be recognized.
However, it is important to remember that the syndrome
presents with varying degrees of expressivity and penetrance.
For example, systems involvement is fewer than 3 in one third
of patients, 3 in another third, and 4 or more in the remaining
third. 6'7 Not only does the phenotype vary according to the
number of systems involved, it also varies in the severity of
involvement. At 1 end of the continuum are those patients with
very obvious physical characteristics, severe cardiovascular
complications, and a very poor prognosis. 8 At the other end of
the continuum are those who have only a few signs or
symptoms and who may not experience any aortic problems
until they become elderly. 8
The cause of Marfan syndrome, with all its diverse mani
festations, appears to be a single mutant gene called FBN I.4
The gene, located on chromosome 15, encodes for fibrillin-1, a
microfibrillar glycoprotein that is the major constituent of the
extracellular network in both elastic and nonelastic tissue.
Defective microfibrils make connective tissue less resilient to
normal tissue stress. In the case of elastic connective tissue,
such as that found in the arterial media (the middle wall of the
artery), defective microfibrils progressively elongate, resulting
in dilatation of the artery. This dilatation can, in turn, lead to
the development of aneurysms, dissecting aneurysms, or com
plete ruptures. In nonelastic connective tissue, the defective
microfibrils can result in a structural deformity of the tissue.4
Manifestations
Skeletal. During the preparticipation screening, the athletic
trainer and team physician should be alert to the typical
physical appearance of those with Marfan syndrome, which
should prompt the taking of several simple measurements. For
example, excessive long bone growth often causes the athlete
to be characteristically tall and thin, with disproportionately
long and slender arms, legs, fingers, and toes. The arm span is
greater than the height, and the lower segment (from sole to

pubis) is longer than the upper segment (from pubis to vertex)
(Figure I). 3 Often, the fingers are so long that the tip of the
thumb meets or overlaps the tip of the little finger as they
encircle the opposite wrist.
The sternum may either protrude, giving a pigeon-breast
appearance (ie, pectus carinatum), or indent, giving a funnelchest appearance (ie, pectus excavatum). Abnormal spinal
curvatures are also common: kyphosis (30% to 35% of
patients), scoliosis, thoracic lordosis, a straight thoracic spine,
and combined scoliosis and kyphosis (ie, kyphoscoliosis). 3
The face is typically long and narrow, often with sharp
features. Infants may have deeply set eyes, giving them a "wise
appearance." Another distinguishing skeletal feature is a nar
row, high palate, often coupled with a crowding of the teeth. 3
Ocular. Myopia, or nearsightedness, is common among
those with Marfan syndrome, with the extent of impairment
ranging from mild to quite severe. In 75% of patients, the lens
of the eye is either dislocated or subluxed (ectopia lentis), but,
as with myopia, the severity can range from a subtle disloca
tion to a marked shift. Because ectopia lentis is highly
prevalent in and specific for Marfan syndrome, any athletes
with suspected ectopia lentis should be referred to an ophthal
mologist for evaluation, including slit-lamp examination.
Other ocular problems associated with Marfan syndrome
include tremor of the iris with eye movement (ie, iridodonesis),
glaucoma, cataracts, and spontaneous retinal detachment. 3 '5
Ligamentous. The ligaments and tendons are often weak
and lax, with hyperextensibility of the small joints. For
example, a patient with Marfan syndrome can usually pull the
thumb back so that it touches the radius and flex the thumb
across the palm so that it extends beyond the ulnar side of the
hand when the fingers are flexed in a fist (Figures 2, 3).
Ligament and tendon laxity may produce genu recurvatum,
along with pes planus or pronation of the feet, or both. 3 '5
Cutaneous. Those with Marfan syndrome often develop
stretch marks (striae atrophicae) without significant weight
changes. The marks often appear in sites subject to stress,

Figure 3. A thumb flexed across the palm that extends beyond the
ulnar side of the hand suggests hyperextensibility of the small
joints.

including the shoulders, hips, and lower back. Also, subcuta
neous fat is sparse. 3
Pulmonary. The lungs can be affected in several ways. The
alveoli are less elastic than normal, which increases suscepti
bility to emphysema. Cystic lung disease and spontaneous
pneumothoraxes are more common. However, there appears to
be no increased susceptibility to asthma, pneumonia, or chronic
bronchitis. 3
Neurologic. Those with Marfan syndrome often show a
stretching of the dura mater, particularly in the lower portion of
the spine. This enlargement (dural ectasia) gradually pushes on
the vertebrae and wears them down, enlarging the canal and
thinning the vertebrae. In severe cases, the dural ectasia may
protrude through the vertebrae and into the abdomen. Dural
cysts can cause pain in the abdomen or radiating down the
legs. Some evidence3 suggests that the incidence of learning
disabilities, particularly verbal performance discrepancies, hyperactivity, and attention deficit disorders, is higher among
those with Marfan syndrome.
Abdominal. A predisposition to hernias can occur in child
hood or later in life. Also, those who undergo abdominal
surgery are more likely to develop hernias at the site of the
incision. Muscular hypotonia may also be a problem. 3
Cardiovascular. The most serious and life-threatening man
ifestations occur in the cardiovascular system. Clinical presen
tations include, but are not limited to, mitral valve prolapse,
mitral valve regurgitation, aortic regurgitation, and acute aortic
aneurysm with or without dissection. Tricuspid valve regurgi
tation and pulmonary valve regurgitation also occur, but they
pose less danger. 6 Mitral disorders tend to present early in life,
whereas aortic involvement progresses with age and generally
presents in adolescence and adulthood. 8 Interestingly, mitral
disorders are seen more frequently among women, while aortic
dilatation and aortic regurgitation are common among men. 6
The severity of mitral valve disorders can range from minor
to extremely severe. The most serious cases of mitral involve
ment are found among those with neonatal Marfan syndrome
(those presenting with cardiovascular symptoms in childhood).
The average age at death of those with neonatal Marfan
syndrome is 16.3 months, with the cause of death being heart
failure secondary to severe mitral regurgitation. 8
Histopathologic studies in patients with Marfan syndrome
and mitral disorders show that the mitral valve leaflets are of
abnormal size and composition. 9 The deficient microfibrils are
believed to result in stretching of the leaflets, which then are
too large for the atrioventricular orifice. Consequently, the
leaflets bellow backward during ventricular contraction, caus
ing mitral valve prolapse. This common cardiovascular mani
festation is sometimes detected through a characteristic "mitral
click" during auscultation. 10' 11
About one third of patients with Marfan syndrome and
mitral valve prolapse develop mitral regurgitation (ie, leaking
of the mitral valve). While many such patients with mitral
valve regurgitation require minimal therapy, a few experience
progression of the problem and develop symptoms including
excessive dyspnea during exercise and rest, rapid heart
rhythms, arrhythmias, and extreme tiredness. Spontaneous
rupture of the chordae tendineae is also a concern.
The most serious cardiovascular complications of Marfan
syndrome involve the aorta, with aortic root dilatation and
aortic aneurysm being the most prominent manifestations
requiring surgical intervention. Dilatation of the aortic root can
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cause severe aortic valve insufficiency, leading to congestive
heart failure, whereas an aortic aneurysm can rupture. 12
Among those with Marfan syndrome, aortic wall rupture, with
or without dissection, is the most common cause of death
among adolescents and adults. 10' 12 The median age of death
among those presenting with symptoms during adolescence is
33.5 years. 10
Histopathologic studies show that the free edges of the aortic
valve leaflets and the first 5.08 to 10.16 cm (2 to 4 in) of the
aorta above the valve are particularly subject to stretching.
Widening of the aorta can produce a tear in the inner wall, and
this tear can extend into the middle layer. The pumping force
of the blood can open the tear, creating a false channel (an
arterial dissection). This dissection can become chronic, caus
ing faulty circulation to the vital organs, or, in acute, severe
cases, the dissection can cause the wall to rupture, resulting in
massive bleeding. Symptoms of a dissecting aortic aneurysm
include severe pain in the front of the chest, the neck, or the
back, or a combination of sites. 12
Management
The major goal in managing a patient with Marfan syndrome
is to prevent life-threatening complications through early
diagnosis and treatment. While there is no cure for the disorder,
careful management can improve the prognosis and lengthen the
life span.' Ideally, those with Marfan syndrome should be treated
by a physician familiar with the condition and its effects on all
body systems. This physician can coordinate referrals to special
ists and counsel on prognosis and treatment options.3
The role of the athletic trainer is to help the athlete comply
with the treatment plan through ongoing education and sup
port. Whereas a physician must design and coordinate a
customized treatment plan, the athletic trainer can make the
following general recommendations, which apply to most
Marfan syndrome patients.3 ' 13 An annual echocardiogram is
needed to monitor the size and function of the aorta. To reduce
stress on the aorta and lower blood pressure, beta blockers may
be appropriate. Annual evaluations of the skeletal system,
including monitoring abnormal curvatures of the spine and
chest, are recommended. Bracing may be necessary, with
surgery being required in some patients to correct severe
deformities. Initial eye examinations with a slit lamp to detect
lens dislocation and periodic follow-ups are advisable.
Lifestyle adaptations, such as avoiding strenuous exercise
and contact sports, are necessary to avoid the deleterious
effects of increased blood pressure on the diseased aorta. Here,
the athletic trainer can play an important role in a difficult
transition for the athlete. For many athletes, suggesting they
give up their sport is asking them to give up what is an
important part of their identity. Moreover, it is through sports
that many athletes form their strongest relationships. The
athletic trainer can help the athlete realize that, while a
modification in activity level is necessary, life as he or she
knows it is not over. For example, in this case, the head athletic
trainer was able to work with the athlete, the coaches, and the
players to identify a new role within the team for the athlete.
As an experienced player and a college student with good
skills, the athlete was able to assist with coaching and mana
gerial responsibilities. As a result, she remains an important
part of the team that is an integral part of her life.
Other lifestyle adaptations must also be considered. Smok
ing is contraindicated because of the propensity toward em
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physema. Because pneumothoraxes are common among those
with Marfan syndrome, extremes and rapid changes in air
pressure should be avoided. Thus, flying in unpressurized
cabins and diving underwater more than a couple of feet
present dangers.
Perhaps the most important question in the management of
patients with Marfan syndrome deals with when surgical
intervention is required in those with aortic manifestations.
What aortic diameter is considered an appropriate intervention
point? The answer depends on factors such as age, valvular
incompetence, family history, and the rate of enlargement. 14' 15
Timely surgical intervention before dissection or rupture is the
key to significantly improving both quality of life and life
expectancy. If surgery is undertaken after an aortic dissection
has occurred, not only is morbidity very high, but in most
patients, only the intimal tear and surrounding dissection are
controlled. The process, which often extends into the aortic
arch and the descending aorta, is not addressed, greatly
increasing the probability of complications later in the patient's
life. 14' 15 Consequently, cardiothoracic surgical consultation at
an early stage is indicated to avoid as many of these compli
cations as possible.
CONCLUSIONS

Marfan syndrome can present with varying degrees of
expression and penetrance; consequently, not all those with
Marfan syndrome present with the same phenotype. While
many patients are tall, not all are exceptionally thin or suffer
from severe myopia. Thus, athletic trainers and team physi
cians must be alert and use extra care in identifying those with
only some of the typical physical characteristics. One simple
test, comparing the athlete's arm span length and height, while
not diagnostic, may be useful in the initial screening of
individuals with Marfan syndrome.
Athletic trainers should also be more aware of Marfan
syndrome in order to help guide an athlete with Marfan
syndrome in seeking multidisciplinary management. Athletic
trainers, health care providers, and those with Marfan syn
drome can obtain accurate and timely information about the
condition by contacting the National Marfan Foundation, 382
Main Street, Port Washington, NY 11050.
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Corrective Neuromuscular Approach to the
Treatment of Iliotibial Band Friction
Syndrome: A Case Report
Robert Pettitt, MS, ATC; Angela Dolski, ATC
University of Wisconsin-La Crosse, La Crosse, Wl
Objective. To describe the evaluation and treatment process
for inappropriate functional patterns of neuromuscular activity
within the scope of an iliotibial band friction syndrome protocol.
Background: Runners with iliotibial band friction syndrome
are frequently fitted with orthotic devices to restrict excessive
midfoot or rearfoot, or both, motions during the stance phase.
These devices may fail to yield favorable results when under
lying neuromuscular factors are associated with functional
iliotibial band tightening.
Differential Diagnosis: Distal biceps femoristendinitis, pop
liteal tendinitis, lateral meniscus lesion.
Treatment: The athlete's physical examination revealed
several patterns of inappropriate neuromuscular activity attrib
uted partly to the prolonged daily wear of beach-type sandals.
Modifications of casual footwear and a temporary reduction in
training volume were recommended initially to prevent exacer
bation of the athlete's condition. Stretching, massage, and soft
tissue mobilization were administered in accordance with the
athlete's specific needs. The protocol included progressions of
nonweightbearing and weightbearing therapeutic exercises.

I

liotibial band friction syndrome (ITBFS), commonly linked
with excessive lateral heel striking in the running gait
cycle, 1 is among the more prevalent running injuries treated
by the athletic trainer. 2 Beyond management techniques facil
itating mobility within the lateral soft tissue structures of the
knee, many3"5 have advocated correcting footwear problems
by restricting midfoot or rearfoot, or both, motions with
orthotic devices. Whereas this therapeutic intervention may be
the ideal course of action for runners with architectural
problems of the foot,5 this approach is of little benefit for those
experiencing lateral knee pain associated with accessory distal
and proximal neuromuscular control problems. We present the
use of a corrective neuromuscular approach in the treatment of
an athlete with ITBFS.
CASE PRESENTATION

On September 23, 1997, a 19-year-old female middledistance runner reported to the athletic training room complain
ing of left lateral knee pain that had persisted for several years.
The athlete's history was extensive. She underwent a partial
Address correspondence to Robert Pettitt, MS, ATC, Athletic Training
Program, Mount Union College, Alliance, OH 44601. Email:
pettitro@muc.edu
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Neuromuscular electric stimulation was incorporated into the
protocol to re-educate the role of the first ray within the stance
phase of the athlete's walking gait.
Uniqueness: Upon stationary examination, this athlete pre
sented with normal lumbar and lower extremity postures. Gait
analysis, however, revealed inappropriate dorsiflexion of the
great toe during ambulation. Further, the athlete's perfor
mances on a series of tests to assess neuromuscular function
were substandard. This athlete's response to previous treat
ment and unique physical findings required a corrective neuro
muscular approach that deviates from iliotibial band friction
syndrome protocols advocating the use of orthotics.
Conclusions: While the role of any single treatment in the
athlete's recovery remains unknown, it seems that a corrective
neuromuscular approach in the management of iliotibial band
friction syndrome represents a viable alternative to orthotic
intervention.
Key Words: sandal, re-education, first ray, pelvic stabiliza
tion

iliotibial band (ITB) release of her left knee on August 26,
1996, after a period of unsuccessful conservative management
for ITBFS. After surgery, the athlete received 4 months of
postoperative physical therapy in her hometown and was fitted
with rigid medial arch support orthotics. She returned to
activity and discontinued the use of her orthotics shortly
thereafter due to the development of bilateral knee pain. While
the athlete was able to train 20 miles per week during the
summer and early fall of 1997, her continued episodes of
exercise-induced pain, particularly during hill training, caused
her to seek our assistance.
We conducted a complete physical examination, including a
variety of tests to assess neuromuscular function. Both knees
were palpated, and patellofemoral joint play was assessed in
the extended and 30°-flexed positions. The lateral aspect of the
left knee was tender along the area of her surgical scar. The left
patella yielded very little medial glide in the flexed position
due to perceived soft tissue tightness of the lateral retinaculum
and ITB. This joint play along with passive medial tibial
rotation was associated with heightened lateral knee pain. The
McMurray test2 was negative for meniscal involvement, and a
battery of tests for tibiofemoral instability and pain was
unremarkable. Minor discrepancies were found when compar
ing bilateral flexibility and manual muscle strength. Of notable
interest, the Ober test6 was within normal limits for the

involved limb, whereas the contralateral limb was mildly
positive for ITB tightness.
A standing examination revealed normal static anatomical
postures, including observations of the lumbar, pelvic, knee,
ankle, and foot resting positions. The Trendelenburg test6 was
negative. With gait, a marked dorsiflexion of the great toe
occurred bilaterally from heel strike to heel rise during the
stance phase. The athlete was asked to perform several func
tional tests, including a parallel squat, a forward lunge, and a
step-up on an Achilles tendon stretch board. During the lunge
with the right leg in a forward position, the athlete reported
clicking and pain in the lateral aspect of the left knee as her
forward hip and knee approached full flexion. This clicking
and pain did not occur during the squatting test. The left leg
step-up test7 revealed that the athlete lacked proper pelvifemoral control, lending to a medial bowing appearance of the
leg in the frontal and transverse planes (Figure 1). The results
of the step-up and lunge tests, along with daily reporting of her
training mileage, were used in the protocol to gauge the
athlete's functional progress.
REHABILITATION

Eliminating conditions that would further exacerbate the
athlete's symptoms was our primary initial goal. After further
interviewing, we believed that the dorsiflexion of her great toe
during ambulation was the result of a habit formed from
prolonged use of beach-type sandals. Suspecting that this
neuromuscular pattern may have transferred to her running
gait, potentially causing her to dynamically invert the rearfoot
at heel strike or overpronate, or both, during midstance before
toe-off, the athlete was encouraged to refrain from wearing this
type of footwear. In addition, her training volume was tempo
rarily reduced, and abstinence from hill training and situations
involving running with excessive stride lengths was recom
mended until all biomechanical influences to her functional
ITB tightening were corrected. A weekday regimen of soft
tissue treatment and postactivity cryotherapy was established.
Concurrently, formal rehabilitation sessions were scheduled
with a certified athletic trainer 3 days per week.
Soft Tissue Treatments
We taught the athlete a stretching program addressing all
flexibility deficits and administered effleurage massage to the

tender area 5 minutes each weekday. The perceived lateral soft
tissue tightness was treated using medial patellar mobilizations
against the resistance of electrically induced muscle contrac
tions of the lateral musculature via motor point stimulation
(Mettler SysStim 206 & 730, AC, 32 Hz; Mettler Electronics
Corp, Anaheim, CA). The 30° knee-flexed position was chosen
because this aids in aligning the fibers of the ITB and lateral
retinaculum over the lateral femoral epicondyle8 " 10 (Figure 2).
Thera-Band (Hygenic Corp, Akron, OH) was used to improve
adherence of the palm against the lateral patellar border and
minimize epidermal irritation during the mobilization. Resto
ration of lateral tissue extensibility and abolition of tenderness
required 7 mobilization treatments.
Therapeutic Exercises
We used a variety of nonweightbearing exercises in the early
stages of the protocol. These exercises included manual resis
tance rotary and diagonal proprioceptive neuromuscular facil
itation patterns using a repeated-contraction sequence, ' ' shortarc quadriceps extensions, prone straight-leg raises, and
hamstring curls. Integration of weightbearing exercise progres
sions was guided by the athlete's response to the soft tissue
treatments. These progressions consisted of multiple joint
exercises such as wall squats, bilateral and single-leg terminal
extensions (Figure 3), parallel squats, and lunges. Standing hip
flexion, extension, and abduction using a cable column for
resistance served as exercises to enhance proprioception and
retrain the neuromuscular regulation of pelvic stability. Mod
ification of the plantar base of support using a slant board
(Figure 4) and a flat wooden box (Figure 5) was incorporated
to progress difficulty of the exercises.
Neuromuscular electric stimulation (Respond II; EMPI, Inc,
St. Paul, MN) applied to the flexor hallucis longus muscle was
used to re-educate the role of this muscle as a subtalar joint
stabilizer during the standing hip-flexion exercise (Figure 4).
The settings of the neuromuscular electric stimulation were
selected to coincide with contralateral limb flexion (50 Hz, 5
seconds on, 5 seconds off, 3-second ramp). As the limb in
motion reached a predetermined degree of hip flexion, the
ramp of the neuromuscular electric stimulation on the support
foot reached peak intensity. Restoration of acceptable first ray

I
Figure 1. Performance on the step-up test.

Figure 2. Soft tissue mobilization: medial patellar mobilizations
against the resistance of electrically induced contractions in the
lateral musculature.
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Figure 3. Single-leg terminal extension. A slant board is added for
difficulty.

Figure 4. Re-education of the flexor hallucis longus with neuromuscular electric stimulation in the standing hip-flexion exercise.

neuromuscular control during the stance phase of the athlete's
walking gait required 6 treatments.
DISCUSSION

Several mechanisms of functional ITB friction during run
ning have been established in the literature. Early in the stance
phase of running, individuals striking the ground with an
inverted heel position kinetically impart varus stresses to the
knee, thereby increasing compression and friction of the ITB
over the lateral femoral epicondyle. 3 ' 12 Overstriding, as in the
case of downhill running, can also heighten ITB compression
over the epicondyle by increasing tension within the tensor
fascia lata. 9 Along similar lines, Orchard et al'° suggested
that the increased time associated with downhill overstriding, coupled with the degree of knee flexion at heel strike,
results in the ITB remaining within a 20° to 30° "impinge
ment zone" longer. Controversy exists regarding the kinetic
factors of increased ITB friction during later portions of the
stance phase. Whereas varus knee forces are felt to occur
with underpronation during heel strike, overpronation dur
ing midstance or toe-off may be linked with heightened
tensile forces on the ITB by way of excessive medial tibial
rotation. 9 Currently, no studies have explored the interaction
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Figure 5. Standing hip-flexion exercise. The emphasis is on main
tenance of pelvic stability.

of altered first ray neuromuscular control with either of
these factors for ITB tightening.
The best course of treatment to circumvent the distal kinetic
influences of ITBFS will fall short if altered proximal neuro
muscular factors are not addressed within a protocol. During
running, the abductor magnus, tensor fascia lata, gluteus
maximus, and gluteus medius collectively function to stabilize
the pelvis and help counteract impact forces. 13 ' 14 Inadequate
functioning or fatigue of these pelvic stabilizers results in
superior pelvic listing and excessive lateral pelvic displace
ment, pulling the runner's center of gravity sideways from the
desired linear path. This not only dampens running perfor
mance but also increases tension within the ITB. 13 A combi
nation of the stretching and weightbearing proprioception
exercises used in our protocol represented a potential means of
correcting and preventing these influences.
Although selecting proper athletic footwear is crucial in
preventing chronic running injuries affecting the knee, 12 our
case report demonstrates the importance of avoiding casual
daily footwear, such as sandals, that lacks appropriate support
as well. After a 10-week period of reduced training, this athlete
returned to activity and completed an entire season of indoor
track and field free of symptoms. While we cannot make
claims as to what extent any single treatment contributed to this
athlete's recovery, we can conclude that a corrective neuro
muscular approach in the management of ITBFS represents a
viable alternative to orthotic intervention. Clearly, future re
search regarding the neuromuscular influences of ITBFS, as
well as a greater understanding of how to clinically evaluate
these influences, will better enable the athletic trainer to treat
athletes afflicted with this condition.
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Superior Peroneal Retinaculum Tear in a
High School Athlete: A Case Report
Gaetano Sanchioli, MS, ATC
University of Pittsburgh Medical Center Health Systems' Center for Sports Medicine and Keystone Oaks High
School, Pittsburgh, PA
Objective: To present the case of an 18-year-old football
player who chose conservative treatment for a superior peroneal retinaculum tear and to review alternatives.
Background: Superior peroneal retinaculum tears are often
mistaken for lateral ankle instability. These tears often do not
heal readily by themselves and must be identified so that
proper treatment can begin.
Differential Diagnosis: Superior peroneal retinaculum tear,
peroneal subluxation, peroneal retinacular avulsion, snapping
ankle.
Treatment: This athlete chose conservative treatment,
which may have cost him 4 weeks and the chance to return to
his senior season. Surgical treatment can reduce recovery time.

I

njury to the superior peroneal retinaculum (SPR) is, as first
noted by Blanulet in 1875, a relatively infrequent injury. 1
The injury has been most commonly seen in snow skiing,
ice hockey, football, and tennis, respectively. The SPR is
integral to the stability and function of the peroneal muscles
and tendons, particularly the peroneus longus and brevis. The
peroneus longus and brevis are important dynamic stabilizers
of the ankle but also contribute to plantar flexion and eversion.
The peroneus longus and brevis tendons extend in a common
sheath distally and posteriorly around the lateral malleolus to
the base of the fifth metatarsal, where the brevis inserts. The
peroneus longus then extends to the first metatarsophalangeal
joint. The superior and inferior peroneal retinacula secure these
tendons as they make the turn around the malleolus, aided by
a fibrocartilage ridge to help deepen the groove. 2 This enables
the malleolus to act as a pulley, increasing the tension of the
muscles. If the ridge is too shallow, peroneal tendons can
sublux or dislocate more readily. 3'4 The peroneus tertius,
although it has a common origin with the longus and brevis
muscles, runs anterior to the lateral malleolus, and, therefore,
SPR tears do not usually affect it.
Injury to the SPR is often accompanied by injury to the
posterior talofibular ligament or the calcaneofibular ligament.
These lateral ligaments are taut when the ankle is dorsiflexed
and act as static ankle stabilizers. 3 The calcaneofibular and
posterior talofibular ligaments and the SPR tend to have a
near-parallel alignment, which may suggest a reason for the
coexistence of SPR injury, lateral ankle instability, and, in the
Address correspondence to Gaetano Sanchioli, MS, ATC, UPMC
Health System Center for Sports Medicine, 4601 Baum Boulevard,
Pittsburgh, PA 15213. E-mail address: SANCHIOLIGJ@MSX.
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Uniqueness: This case history presents an athlete who was
thought to have a grade II lateral ankle sprain. After weeks of
rehabilitation, pain and effusion diminished, but the athlete was
still unable to perform any functional activity without symptoms
of pain and catching.
Conclusions: Making the correct clinical diagnosis and
understanding the time frame involved in rehabilitative versus
surgical treatment are necessary to return the athlete to play in
a timely manner.
Key Words: fibrocartilage ridge, peroneal tunnel compres
sion test

worst cases, splits in the peroneus brevis tendon. 3 Chronic
calcaneovalgus may predispose an athlete to SPR tears, per
haps because passive eversion of the calcaneus compromises
the tension of the peroneal tendons.' However, the injury most
commonly occurs with forceful, passive dorsiflexion, which
produces a reflex contraction of the peroneals and a tightening
of the tendons against the SPR. Evaluation of cadaver ankles
has shown 5 variations in the SPR. 5 Structurally, these liga
ment types can be bandlike or bifurcating. Each has a common
origin from the fibular ridge; however, their insertion sites can
include bony, fibrous, and soft tissue attachments. It is uncer
tain whether 1 of these ligament types predisposes certain
people to SPR tears.
CASE PRESENTATION

In the fourth game of the season, an 18-year-old football
running back was tackled from behind while entering the end
zone. He seemed to relax as he crossed the goal line, and the
defender, while making a desperation tackle, landed directly on
the posterior aspect of the athlete's leg, forcefully hyperdorsiflexing and everting his ankle (Figure 1). The athlete limped
from the field and described hearing a "pop" while being
tackled. Initially, the pain and effusion were generalized over
the entire ankle, and his strength was significantly diminished.
Acutely, the injury appeared to be a grade II lateral ankle
sprain. Unable to complete functional tests, the athlete was
removed from the contest, and cryotherapy was applied imme
diately.
Upon reevaluation the next day, the effusion had decreased
modestly, and the athlete was exquisitely tender on the poste
rior aspect of the fibula, superior to the malleolus. However, he
did not have any significant pain when the ankle was palpated

Figure 1. A photograph of the actual injury shows contact distal to
the knee as the athlete's foot hits the ground, thus hyperdorsiflexing and everting the ankle.

anteriorly or medially. Circumducting his ankle created an
audible "pop," and the tendons could be felt subluxing anteri
orly on palpation. Three days postinjury, the athlete was seen
for evaluation by a physician, who diagnosed a peroneal
retinaculum tear and recommended magnetic resonance imag
ing (MRI). He felt that rehabilitation might not be a viable
option to allow the athlete to return before the season ended.
The athlete was referred to an orthopaedic surgeon for a
second evaluation. The posterior tibiofibular ligament was
identified on the MRI as being injured, possibly including the
SPR. The orthopaedic surgeon felt the MRI was inconclusive,
and, because no subluxation of the peroneal tendons could be
reproduced in the office, surgery was not needed.
The athlete sought a third opinion from a foot and ankle
subspecialist. In this physician's opinion, the tendon was
"snapping within the groove." He was less confident in
surgical treatment unless the tendon was clearly subluxing
anteriorly over the top of the retinaculum. All 3 physicians
agreed that the MRI showed effusion lateral to the fibula and
superior to the malleolus, which indicated irritation to the
lateral compartment (Figure 2).
On the suggestion of the foot and ankle subspecialist, the
athlete decided to postpone surgery in favor of rehabilitating
for 6 weeks. At that time, if no improvement had been made,
surgery could be done.
Initially, the goal of treatment was to minimize the effusion
and regain full range of motion through the use of heating
modalities, ultrasound, elevation, massage, and stretching.
Also, at this time, open chain strength exercises and nonweightbearing Biomechanical Ankle Platform System exer
cises (BAPS, Alimed Inc, Dedham, MA) were instituted.
Throughout this time, the athlete was walking, crutch assisted,
but he refused to wear a walking boot. As his strength
increased and he was able to perform normal daily activities,
we started closed chain exercises, including leg presses,
lunges, stair climber exercises, and full weightbearing BAPS
with platform loading. Within a week, the athlete was rated 5/5
on the manual muscle testing score for all ranges of motion.
However, snapping occurred with plantar flexion and eversion,
and the tendons needed to be stabilized with tape so that

Figure 2. MRI taken 3 days after the injury does not conclusively
show any damage to the peroneal retinaculum. However, effusion
lateral to the fibula is seen.

functional exercise could be performed. The athlete was taped
with a felt pad posterior and inferior to the lateral malleolus
and the foot in a dorsiflexed position. He was able to exercise
on a stair climber and use a BAPS board up to level 4 with
minimal discomfort and snapping of the tendons.
He progressed to a functional exercise program on the field
consisting of cone drills specific to his position. However,
when asked to perform the simplest functional drills, he was
able to reach only 50% capacity without limping, discomfort,
and snapping of the tendons. He was unable to move laterally
or backward due to discomfort and instability, and crossover
movements were nearly impossible to perform.
After the 6 weeks of rehabilitation, the regular season was in
its last week, the athlete was not able to participate in the
playoffs, and he did not return to the physician. Due to
frustration with his progress and continued pain, accompanied
by snapping and catching of the tendons, he started rehabili
tation on his own consisting of general strength and condition
ing and did not return to the training room. The athlete
attempted to return to play basketball 8 weeks after the injury,
but participated in only 3 games. He claimed his ankle was not
100% and declined further treatment. At 12 weeks, normal use
of the ankle had returned, and he was able to play baseball in
the spring without incident.
DISCUSSION

A torn SPR allows the peroneal tendons to become hypermobile and sublux anteriorly, adversely affecting their static
and dynamic functions. Patients typically exhibit audible and
palpable popping and snapping, the result of recurrent dislo
cation or subluxation of these tendons over the lateral malle
olus.4 This sensation can be reproduced with normal daily
activities, especially walking stairs (both up and down), and
clinically by the peroneal tunnel compression test. 2 The weak
ness resulting from the loss of tension is totally debilitating.
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Any athlete who relies on quick, forceful lateral movements or
split-second changes in direction will be severely affected by
this injury.
SPR tears can be classified into 3 categories. In grade I tears,
occurring 51% of the time, the retinaculum is raised from the
periosteum, possibly with a tear in the sheath. Grade II tears,
which occur in 33% of the cases, also include a tearing away
from the fibrocartilage ridge that serves as the attachment point
for the SPR; this may appear on x-ray as a cloudy area
posterior to the fibula and superior to the lateral malleolus.
Grade III tears occur 1 6% of the time, when the SPR avulses
from the fibrocartilage ridge and pulls off a fleck of bone. 1
Longitudinal splits in the peroneus brevis tendon may occur
with any of these injuries, but most commonly occur with
grade III tears. 2'3
Differentiating SPR tears from inversion ankle sprains is
important for the athletic trainer. An SPR tear often presents
with lateral pain and swelling on examination. The talar tilt and
anterior drawer tests are usually positive for pain, thereby
giving the appearance of an inversion ankle sprain. Few SPR
sprains are diagnosed radiologically or on MRI, whereas types
I and II may not cause signs or symptoms and, therefore, may
go unrecognized. 5 Clinically, 3 tests can be used to assess the
integrity of the SPR. The peroneal tunnel compression test2 is
done by exerting pressure against the tightening tendons at the
level of the SPR, causing pain in the presence of an SPR tear
or peroneal tendon split. The ankle circumduction test is a
reliable test for all types of retinaculum tears. 6 This is per
formed by palpating the peroneal tendons at the level of the
SPR and asking the athlete to circumduct the ankle. A third test
is performed by actively and passively everting the dorsiflexed
ankle. 7 Pain and tendon subluxation constitute positive tests.
In this case study, it is important to note that the rehabilita
tion was successful in helping this athlete regain his full
strength. However, full strength was not accompanied by full
function. Full functional capacity did not return until 10 to 12
weeks later. Surgical intervention for a torn SPR has proved to
be both easy and reliable,7 although few studies have been
done to show which are the best procedures. 8 Many of the
current surgeries performed to correct a torn SPR are variations
of the early procedures done by Ellis Jones. The 3 basic
components of these surgeries are to reconstruct the SPR,
deepen the peroneal groove, and reroute the tendons. 1 '7 In a
study by Poll and Duijfjes,9 15 patients with SPR tears were
monitored. 9 Nine patients had grade II and III tears. Three of
these patients elected to have surgery immediately, whereas the
remaining 6 chose conservative treatment. Six patients had
grade I tears, all of whom started rehabilitation. Within 10
weeks, 3 of these patients chose surgical intervention. Three
remained in rehabilitation, and only 1 reported a full recovery.
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Of the 12 surgical patients, postoperatively 11 reported being
free from repeated dislocations, and 1 patient was lost during
the follow-up.
I am not suggesting that surgery is the only option. As the
study by Poll & Duijfjes9 and this case suggest, if rehabilitation
is chosen as an alternative to surgery, the result is questionable
and may not occur in a reasonable time frame for return to
competition. For example, this athlete tested at 100% clinically
but could perform at only 50% functionally. With regard to the
time frame, an extra 4 weeks of playing time to a professional,
collegiate, or high school athlete may affect the athlete's
livelihood and the chance of securing a contract or a scholar
ship. In this patient, 6 to 8 weeks for full recovery after
surgery, as opposed to 10 to 12 weeks of rehabilitation, may
have permitted this player to participate during the playoff
portion of the football season.
However, all the normal risks of surgery are present,
including secondary infection, other complications, and failed
surgery. For these reasons, the method of intervention, the time
frame involved, and the needs of the athlete must be considered
by the athlete, parents, athletic trainers, coach, and physician.
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Traumatic Acetabular Fracture in an
Intercollegiate Football Player:
A Case Report
Vincent G. Stilger, HSD, ATC; Jeromy M. Alt, MS, ATC;
David F. Hubbard, MD
West Virginia University, Morgantown, WV
Objective: To present the case of a 22-year-old football
player who sustained an acute posterior-wall acetabular frac
ture.
Background'. Acetabular fractures can be a difficult injury for
the athletic trainer to assess. Aside from the obvious immediate
ramifications, proper assessment and care are necessary to
decrease the chance of developing posttraumatic arthritis and
other long-term complications.
Differential Diagnosis: Anterior column fracture, T-shaped
acetabular fracture, segmental fracture of the femoral head,
femoral neck fracture, capsulartear, retroperitoneal hematoma,
posterior column acetabular fracture.
Treatment: The athlete was treated with open reduction
internal fixation using 5 screws and a plate. He pursued a

F

ractures of the acetabulum, or socket of the hip joint, are
relatively common injuries of the pelvis that are most
frequently associated with high-energy trauma, such as
motor vehicle accidents. 1 " 8 Acetabular fractures, although not
usually life threatening, are a potential cause of late morbidity
due to the development of osteoarthritis. 9' 10 However, acetab
ular fractures rarely occur in athletes, and few cases have been
documented in the literature. 11 ' 12
The management of a displaced acetabular fracture has
improved significantly over the past 30 years. From 1950 to
1970, nonoperative treatment was common, generally consist
ing of traction with or without manipulation, and good results
were reported in 50% to 60% of all cases. 8' 13 Yet these results
were difficult to evaluate objectively because the reports
lacked a universal classification or clinical grading system. 8
Judet et al3 began encouraging open reduction in the 1960s for
all displaced acetabular fractures because closed reduction
failed to reduce the fracture fragments in many cases. An
accurate reduction with anatomical restoration of an acetabular
fracture is probably the single most important factor in achiev
ing a satisfactory outcome. 14 During the 1980s and 1990s, the
literature reported good to excellent results in 70% to 90% of
patients treated with open reduction and internal fixation.4'6' 13 ' 15-17
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rehabilitation program and returned to full activity 9 months
later.
Uniqueness: Acetabular fractures are usually associated
with motor vehicle accidents. However, this athlete sustained
an injury mechanism that rarely occurs in athletes.
Conclusions: Certified athletic trainers need to recognize
the signs and symptoms associated with acetabular fractures.
Initial recognition and appropriate management and treatment
are essential to avoid long-term complications.
Key Words: posterior wall segment, antalgic gait, avascular
necrosis, open reduction, internal fixation

CASE REPORT

During a Division I football game in November 1997, a
22-year-old inside linebacker (height = 187.96 cm, weight =
106.82 kg) was injured. While attempting to recover a fumble,
the athlete flexed and internally rotated his hip while the knee
remained fully extended. The athlete's foot was firmly planted
in the artificial playing surface. At the end of the play, the
athlete remained down on the artificial surface, lying on his left
side with the right knee and hip slightly flexed. He was
immediately examined on the field by 2 certified athletic
trainers. While on the field, the athlete complained of general
hip pain but denied any type of subluxing sensation. During a
quick assessment, there was no gross deformity, no point
tenderness upon palpation, adequate range of motion, and
minimal pain, and he eventually walked off the field unas
sisted. On the sideline, however, he began complaining of hip
pain and stiffness. The athlete developed an antalgic gait with
sport- specific activity such as jogging, cutting, and zigzag
running, but he wanted to return to play. He was referred to the
team orthopaedist, who determined that he could not play, and
he was sent to the athletic training room to be iced in a
pain-free position. After the game, the athlete was placed on
crutches, nonweightbearing, for the flight home. Upon arrival,
the athlete complained of increased pain and stiffness and was
taken to the athletic training room for an additional ice
application to the injured area. The athlete was instructed to
report to the athletic training room the following morning.
The next morning in the athletic training room, the athlete
had diffuse pain in and around the iliofemoral joint and
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exhibited limited to minimal range of motion in all directions.
He was examined by the team orthopaedist, who ordered plain
radiographs of the pelvis (Figure 1) and an oblique Judet view
of the acetabulum The radiographs revealed a posterior-wall
fracture along the posterolateral margin of the dome and the
posterior wall of the right acetabulum. After radiographic
analysis, the team orthopaedist immediately ordered a com
puted tomography (CT) scan to better assess the fracture
pattern (Figure 2). Findings from the CT scan confirmed the
posterior-wall acetabular fracture with some displacement.
Transient weakness in the athlete's right ankle was cause for
additional concern. The athlete was then referred to a trauma
surgeon.
The athlete and the trauma surgeon met 4 days after the
injury to discuss treatment options. The surgeon recommended
an evaluation under anesthesia to determine levels of instability
and rehabilitation concerns if a conservative treatment option
was selected. Conservative nonoperative management would
consist of 6 to 8 weeks of touchdown weightbearing (TDWB)
activity, followed by a rehabilitation program. However, if the
hip was unstable during evaluation under anesthesia, surgical
intervention using an open reduction internal fixation proce
dure would be recommended to reduce the athlete's chances
for an accelerated onset of arthritis. After further consultation,
evaluation under anesthesia with possible open reduction
internal fixation was scheduled for 1 day later. Open reduction
for acetabular fractures should take place no later than 3 weeks
after injury. 18
Evaluation under anesthesia with fluoroscopic assistance
revealed instability of the hip, particularly with flexion and
slight adduction; therefore, open reduction internal fixation
was performed. The trauma surgeon suspected that the insta
bility was secondary to the posterior-wall fracture. A KocherLangenbeck approach was used to surgically repair the dam
aged hip (Figures 3 and 4). During the surgery, an
osteochondral fracture (1 cm X 0.5 cm) off the posterior
femoral head was found and surgically debrided (Figure 5).
According to Letournel and Judet,4 damage to the femoral
head is relatively common with acetabular fractures. In this
patient, the avulsed rim of the posterior acetabulum was
displaced approximately 5 mm. After surgery, the athlete was
extubated and transported to the recovery room in stable
condition.

Figure 1. AP view of right hip posterior-wall fracture (arrow).
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Figure 2. CT image at level of acetabular dome fracture (arrow).

Figure 3. Kocher-Langenbeck incision.

As an inpatient on the first postoperative day, the athlete was
placed in a continuous passive motion (CPM) unit. He was
initially limited to 30° of hip flexion while on the CPM, but
progressed to 60° on the second postoperative day. The athlete
was allowed to shut off the CPM unit while napping and
sleeping, and the CPM was discontinued after 48 hours. The
athlete was discharged from the hospital on the fourth postop
erative day.
The athlete reported to the athletic training room on the day
he was discharged from the hospital with specific guidelines
and protocol from the attending physician regarding his reha
bilitation. The athlete was on crutches with limitations of
TDWB only for the first month. TDWB is preferred over
nonweightbearing with crutches due to the high contact pres
sures generated by active hip flexion to hold the foot off the
ground. He was not allowed to actively or passively flex the
hip past 90° or adduct past the midline to prevent initial force
across the repaired posterior acetabular wall. Strickland et al8

Figure 4. Judet obturator oblique view taken immediately post
operative.

Figure 5. Osteochondral fragments.

reported that active hip flexion creates the highest acetabular
contact pressure within the joint.
The trauma surgeon removed all sutures at 2 weeks after
surgery. A straight-leg raise was performed within normal
limits, and the athlete was able to actively flex his hip to 80°
while the knee was flexed. Limited internal and external
rotation of the hip was noted. The athlete was neurologically
intact. The short-term goals of rehabilitation were to restore
range of motion and to begin isometric and isotonic muscle
strengthening within guidelines from the physician.
At 1-month follow-up with the trauma surgeon, the athlete
had 0° to 90° of hip flexion without difficulty and good internal
and external rotation. Residual weakness was present, partic
ularly in the abductors of the hip. The athlete remained
neurologically intact. Radiographic anteroposterior (AP) and
Judet views revealed good joint space with no narrowing,
healing of the posterior-wall fracture, minimal heterotopic
ossification, and no evidence of avascular necrosis. The athlete
was allowed to progress to partial weightbearing with crutches.
He was instructed to continue with his rehabilitation and follow
up in 1 month for additional radiographs. Specific rehabilita
tion instructions were to be more aggressive with hipabduction strengthening in order to avoid an antalgic gait once
he became weightbearing.
The athlete was then seen back every 1 to 2 months for
routine follow-up. He was doing very well, reported no pain,

and had excellent active and passive range of motion. Radio
graphs indicated good placement of his hardware and no
evidence of joint space narrowing or avascular necrosis. The
athlete gradually increased his weightbearing at 2 months and
was allowed to discontinue the crutches approximately 3
months after injury, but would use them on occasion if pain or
an antalgic gait was present. The plan was to continue
progressing with his rehabilitation, particularly emphasizing
abductor stretching and strengthening. At 4 months after
injury, the strength in the hip abductors was equal to the
contralateral side. He then gradually increased his activity level
by jogging and performing functional activity, with the only
limitation being no lower body lifting of free weights (espe
cially squats).
At 5 months after injury, the trauma surgeon noted excellent
strength (including hip abduction) and neurologic intactness.
Radiographs revealed maintenance of the internal hardware,
healing of the posterior-wall acetabular fracture, and no joint
space narrowing. The only difference in the radiographs was
more pronounced heterotopic ossification in the anterior mus
culature (Figure 6), which had been present since 1 month
postsurgery but became more apparent with time. The athlete
was performing at a near-normal level by participating in
conditioning drills, weight lifting, and leg presses. He was
encouraged to continue with his progression and to begin
working with a football blocking sled over the next several
months as a gradual return to contact. He eventually partici
pated in the last 2 days of spring football practice (late April)
with minimal activity, such as hitting the sled, changing
direction, and light running, but no full contact.
He continued a rehabilitative maintenance program through
out the summer, along with progressive strengthening and
flexibility exercises. The trauma surgeon saw the athlete just
before football double sessions began in August (9 months
after injury). Radiographs revealed a well-healed joint, with no
positional change of the hardware and no joint space narrow
ing. At this time, the athlete had been participating in all
summer conditioning drills and lifting (squats included) with
out any problems. He was cleared in August 1998, with no
limitations, to participate in full football activity and had no
major complications throughout the course of the season.

Figure 6. AP pelvic view indicating heterotopic ossification 5
months postsurgery (arrow).
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DISCUSSION

Recognizing a possible acetabular fracture can be a chal
lenge to the certified athletic trainer and other sports medicine
specialists. A leg-length discrepancy and a shortened and
internally rotated lower extremity on the side of the injury
often indicate an acetabular fracture or dislocation. 2 The Destot
sign, or a large scrotal hematoma, may be present in males. 1
Examination must also include a thorough neurologic evalua
tion of the motor and sensory function of the sciatic nerve,
particularly ankle dorsiflexion and plantar flexion, as well as
sensation on the dorsal and plantar aspects of the foot. 2
It is important to note that the hip joint lies deep and is
surrounded by many muscles; therefore, neither its components
nor any possible abnormalities, such as a fracture of the
proximal end of the femur or the acetabulum, will be palpa
ble. 19 Surrounding structures such as the pubic rami, ischial
rami, sacroiliac joint, iliac crest, coccyx, and sacrum should be
palpated, and any crepitus should be noted. 1 Applying slight
posterior pressure to the iliac crest may elicit pain if an
acetabular fracture is present. 1
Any athlete who is unable to fully bear weight on an injured
hip should be carefully examined and referred immediately for
radiographic study. If plain x-rays are negative, further diag
nostic imaging, such as a CT or magnetic resonance imaging
scan, is indicated to determine the source of pain. During this
time, the athlete must be kept on protected weightbearing with
crutches until a definitive diagnosis is made.
The mechanism of injury for a posterior acetabular-wall
fracture is usually subluxation or luxation of the femoral
head as a result of a driving posterior force of the femur
when the hip is flexed to 90°. This mechanism is most
commonly seen in automobile accident victims who impact
the dashboard with a flexed knee, forcing the femur poste
riorly. 1 ' 2'4 A similar mechanism was evident in this patient.
The forward momentum of the body, in effect, caused the
femur to shift posteriorly. The force resulted in a subluxa
tion of the femoral head posteriorly, with relocation, causing
fractures of the posterolateral dome and the posterior wall of
the right acetabulum.
Had the hip been stable, conservative treatment would have
been an option. A period of 6 to 8 weeks of nonweightbearing
would have been necessary to allow the fracture site to heal,
followed by gradual rehabilitation. However, since the hip was
unstable, the likelihood of early onset of arthritic changes and
an unlikely return to football were all concerns. At the time of
injury, the athlete had 1 year of collegiate football remaining
and wanted to return and compete during his final year of
eligibility.
The surgical option consisted of open reduction internal
fixation of the fracture site with screws and a plate. This was
followed by a period of TDWB and gradual rehabilitation with
an eventual return to full activity. Indications for surgical
intervention for a posterior-wall acetabular fracture include
more than 3 mm of displacement in the weightbearing roof arc,
instability on evaluation under anesthesia, retained intraarticular fragments or incongruent reduction, and involvement
of more than 30% to 40% of the posterior articular surface.6'7 '20 "22 The goal of the surgery was to restore the stability
of the femoral head and the normal anatomy of the acetabulum.
The Kocher-Langenbeck procedure is the most common
surgical approach for posterior-wall acetabular fractures.
However, potential complications can occur during the
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procedure, most notably iatrogenic trauma to the sciatic
nerve. Posterior-wall fractures are the leading type of hip
trauma associated with sciatic nerve damage and palsies.4
Sciatic nerve injury often occurs at the time of a hip injury,
and a thorough preoperative examination of the sciatic nerve
is necessary to rule this out. 4 Protection of the sciatic nerve
during surgery is essential, and routine monitoring of the
sciatic nerve during surgery with electrodiagnostic studies is
recommended. 20'23
Fractures of the acetabulum present long-term problems for
the patient because of the possible complication of posttraumatic arthritis. 21 Posttraumatic arthritis develops primarily
from 2 factors: the damage to the hyaline articular cartilage
directly resulting from the high-energy trauma causing the
injury and the gradual breakdown of articular cartilage that can
occur over the months and years after the injury, especially if
articular incongruence is present. 6
Another long-term complication of a posterior-wall acetab
ular fracture is avascular necrosis, especially if the hip has been
dislocated. 24 Typically, avascular necrosis cannot be diagnosed
until enough time has elapsed to allow secondary changes
to occur, which can take from 6 to 24 months. 24 However,
Letournel and Judet4 reported that avascular necrosis is often
diagnosed to explain, or blame, a postoperative complication
that is actually a wearing of the femoral head against a
malreduced fracture line. Patients with avascular necrosis often
have severe pain, and persistent symptoms should be investi
gated.
A late complication that can occur after an acetabular
fracture is heterotopic ossification. 23 In fact, heterotopic bone
formation has been reported in up to 70% of all patients whose
surgeons have evaluated postoperative roentgenograms for this
finding. 18 Many theories have been proposed regarding the
cause of heterotopic ossification, but none have been conclu
sively proved. 23 This athlete had heterotopic ossification that
gradually increased over several months, but it did not become
symptomatic or impede his functional recovery.
CONCLUSIONS

General acute pain in the region of the hip joint can present
a challenge for the clinician. By recognizing the signs and
symptoms associated with an acetabular fracture, providing
proper acute care management, and expediting referral to more
definitive care, the certified athletic trainer can reduce the
likelihood of multiple long-term complications. Therefore,
having a basic knowledge in anatomy and neurovascular
structures and understanding the mechanism of injury will
assist the certified athletic trainer in managing the athlete with
this type of impairment.
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Objective: To describe a functional rehabilitation program
for a football player with a grade 2 posterolateral elbow
dislocation to facilitate early return to competition.
Background: Conservative management of a posterior dis
location of the elbow is common. The elbow is the second most
frequently dislocated large joint in adults. Two common mech
anisms of dislocation are hyperextension and posterolateral
rotation. Prolonged immobilization can be detrimental to re
gaining full range of motion and function of the elbow, whereas
early directed rehabilitation may lead to early return to normal
function.
Differential Diagnosis: Elbow dislocation with medial col
lateral ligament rupture, elbow subluxation, elbow dislocation
with neurovascular compromise, or supracondylar fracture.
Treatment: The athlete received immediate care of reduc
tion and immobilization in a 90° posterior splint followed by a
radiologic evaluation. Postreduction treatment included a short
immobilization period and early initiation of protected active

T

he elbow joint is one of the most constrained and stable
joints in the body, secondary to its highly congruent
bony articulations, the joint capsule, collateral liga
ments, and surrounding muscles and tendons. 1 '2 Despite this
inherent stability, acute elbow dislocations are reported to have
an annual incidence of 7 out of 100000 population. 3 Elbow
dislocations are the most common dislocation seen in children
under 10 years of age, likely related to increased flexibility
associated with the immature elbow joint's dependence on
cartilaginous structures for stability.4 In adults, elbow disloca
tions are the second most common type of dislocation in large
joints after the shoulder.4'5
Two mechanisms of dislocation have been suggested. His
torically, elbow dislocations are thought to result from hyperextension, in which the olecranon process is forced into the
olecranon fossa and the trochlea is then levered over the
coronoid process.4'5 A more recent proposed mechanism of
injury is posterolateral rotation, in which combined forces of
axial compression, elbow flexion, valgus stress, and forearm
supination create a rotational displacement of the ulna on the
Address correspondence to Tim L Uhl, PhD, ATC, PT, CAHP Building,
Room 205, 121 Washington Ave, Lexington, KY 40536-0003. E-mail
address: tluhl2@pop.uky.edu

108

Volume 35 • Number 1 • March 2000

and resistive range-of-motion exercises. The athlete was able
to return to full football activities in 3 weeks. He competed for
the rest of the season with the elbow braced and taped, with no
recurring incidents of instability.
Uniqueness: The time to return to full participation was
rapid. The medial collateral ligament was intact, as determined
by magnetic resonance imaging. The athlete has since been
followed for 2 football seasons and has not demonstrated any
detrimental effects due to his early return.
Conclusions: Early determination of the status of the medial
collateral ligament through physical examination or imaging
combined with early directed rehabilitation of a posterolateral
elbow instability enabled this athlete to respond well. He
regained pain-free full range of motion, strength, and function,
allowing full participation in football at the Division I level with
no recurring incidence of dislocation.
Key Words: posterior elbow dislocation, football injury, el
bow bracing

distal humerus.6'7 With either mechanism there may be asso
ciated fractures, neurovascular injury, or extensive soft tissue
damage.
We present a rehabilitation program consisting of a short
immobilization period along with an early motion and strength
ening program after a posterolateral rotatory dislocation of the
elbow. This method of treatment allowed a Division I college
football player to return to football in 3 weeks.
CASE REPORT

A 21-year-old Division I intercollegiate football player (ht =
190.5 cm, wt = 129.5 kg) sustained a posterolateral elbow
dislocation during a game. The athlete was performing a "crab
block" when his teammate at the guard position was pushed
into his left elbow. As reported by the athlete, the force was
primarily on the posterior aspect of the humerus, producing a
valgus stress at the elbow (Figure). The athlete felt and heard
a loud "pop" and realized immediately that his elbow was "out
of place." Immediate treatment by the head athletic trainer and
orthopaedic team physician was to evaluate the neurovascular
status of the left arm and manually stabilize the posteriorly
dislocated elbow while they escorted the athlete off the field to
the locker room.

Mechanism of posterolateral elbow dislocation: combined axial
compression, elbow flexion, valgus stress, and forearm supination.

The orthopaedist reduced the elbow in the training room by
a technique in which the athlete hangs the arm over the back of
a chair while the ulna is reduced with downward traction. The
elbow was immobilized at 90° with a posterior splint and
supported in a sling. The team physician prescribed pain
medication, and the elbow was iced for 20 minutes every 2 to
3 hours for the next 3 days. Radiologic evaluation revealed a
chip fracture of the coronoid process and soft tissue swelling.
Magnetic resonance imaging revealed a partial rupture of the
lateral ulnar collateral ligament and an intact medial collateral
ligament, consistent with a grade 2 posterolateral rotatory
dislocation as described by O'Driscoll.7
At evaluation with the orthopaedist 4 days after injury, the
posterior splint was removed, and the athlete was placed into a
hinged brace (Orthomerica Products, Inc, Newport Beach, CA)
that limited range of motion from 45° of extension to 90° of
flexion. The athlete came out of this brace for cold whirlpool
treatment and pain-free active range of motion 2 times a day.
On day 6 postinjury, light resistive exercises were initiated for
elbow flexion and shoulder flexion.
By 9 days postinjury, the athlete had regained active range
of 100° flexion to 20° from full extension, limited by pain and
minimal swelling. Progressive resistive exercises were added
for all elbow and wrist musculature within the limits of pain,
augmented by simulated upper extremity football linemen
drills in a pool. Proprioception and endurance activities were
initiated by bouncing a basketball against a wall for 3 30second intervals with both hands. On day 11 postinjury,
2-handed medicine ball activities with a Plyoback II (M-F
Athletics, Inc, Cranston, RI) and 1.81-kg (4-pound) ball were
initiated, replacing the basketball drill. Strengthening and
endurance exercises were progressed as long as no increase in
soreness was reported during the activity or on the following
day.
Range of motion of the elbow improved to 115° of flexion
and 10° from full extension by 15 days postinjury. At this time,
the athlete was cleared to start machine weight lifting super
vised by a certified athletic trainer. The weight machine's
range of motion was limited to stress the elbow only in the
available pain-free range.
Seventeen days after the initial injury, the athlete dressed out
for practice and performed sport-specific tests with a certified
athletic trainer. The athlete wore a Don Joy small hinged knee

brace (dj Orthopedics, Vista, CA) that was blocked to prevent
elbow flexion beyond 100° and the last 30° of elbow extension.
The athlete was also taped to support the medial collateral
ligament of the elbow and to prevent hyperextension.
Sport-specific tests incorporated up-downs in which the
athlete would fall forward and catch his body weight with his
upper extremities. The athlete had to drive a blocking dummy
5 times in a row for 4 yards. He also performed sequential
blocking drills followed by "butt rolls" to the right and left.
Finally, the athlete had to snap the ball and perform pass
protection with his arm extended in front of him and take on an
opponent.
All sport-specific tests were performed to the satisfaction of
the certified athletic trainer and the athlete, with no report of
pain. The athlete was cleared to return to full practice at 18
days postinjury and was able to fully participate in a game at
3 weeks postinjury. During all contact practices and games, the
elbow was taped, and a hinged brace was applied to limit range
of motion.
Participation during the remainder of the fall season was
uneventful, and the athlete successfully progressed through his
elbow strengthening and stretching rehabilitation program.
During the following spring season and final fall season, he
continued to use the brace alone, with no flexion limitation and
a 10°-extension limitation. At the end of his final season,
evaluation of the elbow revealed full range of motion and
strength, full function, no incidence of recurrent dislocation or
instability, and occasional symptoms of minimal discomfort.
Stability assessment performed at this time revealed apprehen
sion during the lateral pivot shift test, but no laxity, indicating
that a possible deficiency of the lateral ulnar collateral ligament
remains.
DISCUSSION

Posterior and posterolateral elbow dislocations account for
90% of all elbow dislocations. 5 '8 " 10 This athlete sustained a
grade 2 posterolateral instability with a partial rupture of the
lateral ulnar collateral ligament and an intact medial collateral
ligament.
Differences in opinion exist concerning the presence of insta
bility and ligamentous injuries after dislocation of the elbow joint.
The anterior bundle of the medial collateral ligament has been
shown to be the most important soft tissue constraint to valgus
stress of the elbow. 1 ' 11 ' 12 For this reason and based on clinical
observations, it has been assumed that the anterior bundle must be
damaged in complete elbow dislocations.2' 12' 13 However, some
authors6 have observed satisfactory valgus stability when the
forearm is held pronated after reduction of a dislocation. Further
more, surgical repair of only the lateral structures has been shown
to eliminate recurrent dislocations, suggesting that the essential
lesion of instability affects the lateral ulnar collateral liga
ment. 14' 15 The type and extent of ligamentous damage associated
with elbow dislocations dictates the rehabilitation process. An
additional consideration is whether the elbow dislocation is
complicated by compromise of the neurovascular system or
fractures that need surgical attention.
Historically, a postreduction immobilization period of 3
weeks or more has been recommended for uncomplicated
elbow dislocations,5 but most authors 10' 16' 17 agree that longer
periods of immobilization are associated with deleterious
effects, such as adhesion formation and resultant flexion
contractures. Recent literature 10' 16 " 18 suggests a postreduction
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immobilization period of no more than 3 weeks, in which the
elbow is flexed to 90° in a posterior splint or cast, with the
forearm fully pronated. At approximately days 10 to 14
postinjury, the posterior splint is discontinued, and a hinged
splint with an extension block is then used to prevent extension
beyond the point of instability.
Andrews et al 10 recommend that rehabilitation goals focus
on early restoration of motion within the limits of elbow
stability. These authors emphasize the avoidance of valgus
stress throughout the entire rehabilitation process. Forceful
manipulation and aggressive passive range of motion are also
avoided in order to prevent any development of heterotopic
ossification. Protected active range of motion and multiangle
isometrics may begin during the initial phase of 1 to 10 days
postinjury. Andrews et al 10 recommend the institution of progres
sive resistance exercises for the elbow during the intermediate
phase (days 10 to 14 postinjury). During the advanced phase,
weeks 2 through 6 postinjury, functional progressions and sportspecific activities are initiated.
The athlete in this case returned to full participation in
Division I football at 3 weeks postinjury. We attribute this
favorable outcome to multiple factors. First, this was an
incomplete dislocation; thus, the medial collateral ligament
was intact. A second factor was that early protected active
range-of-motion and strengthening exercises could be initiated
and progressed with minimal pain and swelling. This was
primarily related to the intact medial collateral ligament, which
allowed more progressive rehabilitation. According to the
description by O'Driscoll et al6 of the relationship between
pathoanatomy and degree of elbow instability, a ruptured
medial collateral ligament may require a longer recovery
period. The combination of cold whirlpool and range-ofmotion exercises contributed to the early return of motion,
which has been used to facilitate early return after a joint
injury. 19'20 Third, there was a short immobilization period of
only 4 days. This agrees with the results of other authors, 16' 17
who indicate that early active motion is a key factor in
rehabilitation after reduction of an elbow dislocation. Fourth,
the combination of taping and bracing the elbow provided
limited mobility and stabilization to protect the joint while
allowing the athlete to perform centering and blocking tasks.
The final factor was that this individual athlete was highly
motivated and compliant with a treatment regimen of 3 times
a day. He also provided good feedback during the rehabilita
tion program and worked with the athletic trainers in identify
ing appropriate progression to allow return to sport.
CONCLUSIONS

The clinical implications of this case are twofold. In an
athlete with an uncomplicated posterolateral elbow dislocation,
knowledge of the pathoanatomy and degree of elbow in
stability is important in guiding the immobilization period and
rehabilitation progression. 6'7 A thorough clinical examination,
perhaps augmented by a magnetic resonance imaging scan, is
necessary to determine the status of the medial collateral
ligament. With an intact medial collateral ligament, a short
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immobilization period and early, directed rehabilitation may
allow early return to sport participation, as demonstrated in this
case. Additionally, the early return to protected sport partici
pation in this patient had no negative effects on long-term
results. The athlete participated in 2 football seasons after the
injury, with no recurrent instability and minimal episodes of
discomfort. We feel that early rehabilitation with a compliant
athlete will result in an earlier return to sport without delete
rious consequences.
REFERENCES
1. Morrey BF, An KM. Articular and ligamentous contributions to the
stability of the elbow joint. Am J Sports Med. 1983; 11:315-319.
2. Josefsson PO, Johnell O, Wendeberg B. Ligamentous injuries in disloca
tions of the elbow joint. Clin Orthop. 1987;221:221-225.
3. Josefsson PO, Nilsson BE. Incidence of elbow dislocations. Ada Orthop
Scand. 1986;57:537-538.
4. Linscheid RL, O'Driscoll SW. Elbow dislocation. In: Morrey BF, ed. The
Elbow and Its Disorders. 2nd ed. Philadelphia, PA: WB Saunders;
1993:441-452.
5. Linscheid RL, Wheeler DK. Elbow dislocations. JAMA. 1965;194:11711176.
6. O'Driscoll SW, Morrey BF, Korinek S, An K-N. Elbow subluxation and
dislocation: a spectrum of instability. Clin Orthop. 1992;280:186-197.
7. O'Driscoll SW. Elbow instability. Hand Clinics. 1994;10:405-415.
8. Neviaser JS, Wickstrom JK. Dislocation of the elbow: a retrospective
study of 115 patients. South Med J. 1977;70:172-173.
9. Royle SG. Posterior dislocation of the elbow. Clin Orthop. 1991;269:201204.
10. Andrews JR, Wilk KE, Groh G. Elbow rehabilitation. In: Brotzman SB,
ed. Clinical Orthopaedic Rehabilitation. Philadelphia, PA: MosbyYearbook; 1996:67-71.
11. Morrey BF, Tanaka S, An K-N. Valgus stability of the elbow: a definition
of primary and secondary constraints. Clin Orthop. 1991;265:187-195.
12. Schwab GH, Bennett JB, Woods GW, Tullos HS. Biomechanics of elbow
instability: the role of the medial collateral ligament. Clin Orthop.
1980;146:42-52.
13. Josefsson PO, Gentz CF, Johnell O, Wendeberg B. Surgical versus
non-surgical treatment of ligamentous injuries following dislocation of the
elbow joint: a prospective randomized study. J Bone Joint Surg Am.
1987;69:605-608.
14. Durig M, Muller W, Ruedi TP, Gauer EF. The operative treatment of
elbow dislocation in the adult. J Bone Joint Surg Am. 1979;61:239-244.
15. Hassmann GC, Brunn F, Neer CS 2d. Recurrent dislocation of the elbow.
J Bone Joint Surg Am. 1975;57:1080-1084.
16. Protzman RR. Dislocation of the elbow joint. J Bone Joint Surg Am.
1978;60:539-541.
17. Mehlhoff TL, Noble PC, Bennett JB, Tullos HS. Simple dislocation of the
elbow in the adult: results after closed treatment. J Bone Joint Surg Am.
1988;70:244-249.
18. Harrelson GL, Leaver-Dunn D. Elbow rehabilitation. In: Andrews JR,
Harrelson GL, Wilk KE, eds. Physical Rehabilitation of the Injured
Athlete. 2nd ed. Philadelphia, PA: WB Saunders Company; 1998:554588.
19. Grant AE. Massage with ice (cryokinetics) in the treatment of painful
conditions of the musculoskeletal system. Arch Phys Med Rehabil.
1964;45:233-238.
20. Barnes L. Cryotherapy: putting injury on ice. Physician Sportsmed.
1979;7(6): 130-136.

Books
Exercise for Older Adults: ACE's Guide for Fitness
Professionals
American Council on Exercise
Performing in Extreme Environments
Lawrence E. Armstrong
The Merck Manual, 17th edition
Mark H. Beers, MD, and Robert Berkow, MD, Editors

Exercise for Older Adults: ACE's
Guide for Fitness Professionals
American Council on Exercise
Human Kinetics, Champaign, IL
1998
248 pages
ISBN: 0-88011-942-X
Price: $25.00
Exercise for Older Adults: ACE's
Guide for Fitness Professionals is a
comprehensive resource for all health
professionals who work with older
adults. It is suitable as a supplementary
text for undergraduate courses in exer
cise physiology, fitness, and exercise
prescription specifically dealing with
older adult populations. This text is
also a valuable source of information
for health professionals who are seek
ing "Exercise and the Older Adult" or
related certifications through the
American College of Sports Medicine.
Developed under the leadership of
the American Council on Exercise, this
practical manual describes the physio
logic changes of biological aging, of
fers suggestions for understanding and
motivating older adults, and demon
strates safe and effective exercises for
this age group. Through clear explana
tions and effective illustrations, basic
principles are presented for evaluating
the special physical needs of older
adults. Few manuals are so logically
organized and offer such nice text flow
in providing comprehensive informa
tion on the physiologic and psycholog
ical alterations resulting from biologi
cal aging.
The book is divided into 6 chapters:
(1) "Physiology of Aging and Exer

Athletic Training for Student Assistants
Lorin A. Cartwright and William A. Pitney
Exercise in Rehabilitation Medicine
Walter R. Frontera, David M. Dawson, and David M.
Slovik, Editors

cise," (2) "Understanding and Motivat
ing Older Adults," (3) "Common
Health Challenges Faced by Older
Adults," (4) "Pre-Exercise Screening
and Fitness Assessment," (5) "Older
Adult Exercise Techniques," and (6)
"Exercise Programming and Leader
ship."
An elementary understanding of hu
man physiology is necessary to com
prehend chapter 1, although the author
does an excellent job of using basic
terminology and explaining key con
cepts. Chapter 2 is unique in that very
few books specifically address the psy
chological component of biological ag
ing and the potential challenges the
health care professional may encounter
in working with older adults. Chapters
4 through 6 address exercise prescrip
tion for older adults and are supple
mented with clear and helpful illustra
tions. Chapter 4 discusses medical
history taking, physical screening tech
niques, and functional testing methods.
Chapter 5 discusses the principles of
aerobic and anaerobic exercise and
issues related to flexibility. Exercises
are described and clearly illustrated for
specific populations of older adults,
such as those who are sedentary or
wheelchair bound and those who are
active at various levels. Chapter 6 then
ties all the information together and
provides techniques for determining
levels of function in the older adult
population, addressing needs specific
to the population, participant recruit
ment, marketing strategies, and equip
ment.

One drawback to the book is that
chapter 1, "Physiology of Aging and
Exercise," offers a superficial discus
sion of theories and concepts related to
changes in musculoskeletal and meta
bolic systems as a result of biological
aging. A more detailed and thorough
discussion would serve to strengthen
the scientific edge this chapter lends to
the book. Furthermore, since several
authors contributed to the book, some
information is duplicated. Although
this information is presented from dif
ferent aspects, I feel the repetition was
unnecessary.
Overall, this book would make a
valuable addition to the bookshelf of
all health care professionals working
with older adult populations. Not only
is this text very affordable at only
$25.00, but few books addressing ex
ercise in older adults are specifically
written for fitness professionals who
recognize and understand the special
needs of older adults and who wish to
better serve this growing community.
Reed Ferber, MS, ATC, CAT(C)
University of Oregon
Eugene, OR
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333 pages
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Price: $19.95
Performing in Extreme Environ
ments fills a critical niche in the fields
of exercise physiology and sports med-
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icine. The book's purpose is to present
the latest in scientific knowledge con
cerning the physiologic responses and
medical considerations involved in
performing in a variety of environ
ments. The target populations are fit
ness enthusiasts, high-level athletes,
adventure seekers, laborers, and sol
diers—those who by choice or neces
sity find themselves performing within
these environments—and the medical
professionals who strive to prevent,
diagnose, and treat the medical condi
tions that can result. The author is one
of the foremost experts on hydration
and exercise in the heat.
The book is essentially divided into
2 sections. The first section (chapter 1)
provides a general overview of the
physiologic processes involved in hu
man adaptation to living and perform
ing in extreme environments. The sec
ond section (chapters 2-8) provides an
in-depth look at performing in 7 dis
tinct environments. These include heat
and humidity (chapter 2); cold, wind
chill, and water immersion (chapter 3);
hyperbaria and underwater (chapter 4);
hypobaria and altitude (chapter 5); air
pollution (chapter 6); weather patterns
and ions (chapter 7); and biorhythmic
disturbances (chapter 8).
Each of the specific extreme envi
ronments is presented in a manner
that makes the reading flow
smoothly, conveys the content use
fully, and communicates the techni
cal information in a readable format.
The information within each chapter
includes (1) physiologic manifesta
tions imposed by exercising in the
unique environment; (2) the body's
adaptive responses to prolonged ex
ercise within the environment that
often maximizes coping mecha
nisms; (3) signs and symptoms of
common medical conditions and typ
ical medical treatment protocols; (4)
how to prevent the onset of medical
conditions; and (5) practical guide
lines to follow when attempting to
maximize physical performance or
physical tolerance to exercise within
the environment. From the logical
and useful information presented, the
reader gains a wonderful overview of
human physiology, exercise physiol
ogy, and sports medicine issues that
pertain to each of the 7 environ
ments. Additionally, the tables and
figures are exceptionally well done
and are presented so that the nonex
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pert can decipher and interpret the
findings with ease.
Chapters 2 and 3 on hot and cold
environments (constituting more than
one third of the entire text) offer a
staggering amount of information that
could be used on a daily basis by
athletic trainers. Information on the
prevention, diagnosis, and treatment of
dehydration, exertional heat illnesses,
hypothermia, and frostbite presents the
latest research findings in a very prac
tical manner that emphasizes maximiz
ing athletic health care and perfor
mance. The exhaustive reference list
that follows each of these chapters can
open the door to numerous other indepth investigations.
Ancillary material also adds to the
usefulness of this text. This includes
the first published urine color chart
(invented and validated by Arm
strong), which provides an easy way of
assessing hydration status. The appen
dixes also include 2 recently published
position stands from the American
College of Sports Medicine: "Exercise
and Fluid Replacement" and "Heat and
Cold Illnesses During Distance Run
ning." The position stands provide
concise recommendations from many
of the world's experts.
I would highly recommend this
book for any athlete who demands
physiologic excellence in various en
vironmental conditions and for any
medical professional who must super
vise and care for athletes performing
within these environments. What
makes the book so useful and enjoy
able is the author's knack for present
ing the latest scientific findings and
recommendations in a palatable man
ner that is easily transferable to the
reality of the sporting environment.
Douglas J. Casa, PhD, ATC, CSCS
University of Connecticut
Storrs, CT
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Berkow, MD
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2833 pages
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Price: $35.00
The Merck Manual is the oldest
continuously published general medi
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cal textbook in the English language,
as well as currently being the most
widely used general medical text in the
world. In this, its 17th edition, the
editors have updated or completely
rewritten many of the topics. Several
topics are new to this edition, includ
ing most notably to the athletic training
field, a new section on rehabilitation.
The Manual is designed as a concise
reference text of clinical information
on a wide array of topics in medicine
and related fields, created by summa
rizing material from many other texts.
It includes sections on all major med
ical specialties, as well as information
on nutrition, sports medicine, environ
mental injuries, rehabilitation, and
pharmaceuticals.
Targeted to physicians and other
health care professionals, including
nurses, pharmacists, athletic trainers,
physical therapists, and dietitians, the
Manual is written in a concise, clean
manner, making it easily understood
and relevant to all levels of health care
providers. The material flows well,
and topics are easy to locate with the
dictionary-like tab system provided.
This text would best be used by
athletic trainers as it is commonly used
by other health care professionals: as a
reference. It would be ideal as a sup
plemental text for courses on the Med
ical Aspects of Sports or Advanced
Athletic Training with a medical as
pects section. It would also serve as
perhaps the best medical reference text
in the training room for general use by
staff and student athletic trainers, since
it is much more affordable, concise,
and readable than many of the other
commonly used medical reference
texts. It would not be suitable for use
as the primary text for courses in
athletic training and related topics in
sports medicine.
I have used The Merck Manual fre
quently throughout the years, first in
athletic training and continuing into
my medical education and practice. I
have found it to be an irreplaceable
reference source.
Jodi A. Pelegrin, MS, DO, ATC
Metropolitan Hospital
Grand Rapids, MI

Athletic Training for Student Assistants

Lorin A. Cartwright and William A.
Pitney
Human Kinetics, Champaign, IL

1999
316 pages
ISBN: 0-88011-753-2
Price: $29.00
Athletic Training for Student Assis
tants would be suitable for an introduc
tory athletic training course as a pri
mary text at the high school level or
even for a nonmajors introductory
course at the college level. The mate
rial is comparable with other introduc
tory texts in covering the fundamental
aspects of athletic training. The basic
introduction to anatomy is easily un
derstood but is not overwhelming to a
student without a background in anat
omy. A unique component of the text
is the chapter that addresses athletic
training as a profession. This chapter
would be helpful in assisting younger
students to determine whether athletic
training is a viable career option for
them.
There are several other unique quali
ties about this textbook. First, in each
chapter there is a small feature entitled
"What Would You Do If...." This fea
ture provides a short, real-life scenario
that an individual may encounter while
working as a student athletic trainer.
These small excerpts cause students to
think for themselves in making a medi
cal decision and would also be useful to
stimulate class discussion. Second, a fea
ture entitled "The Real World" is a short
narrative written by a certified athletic
trainer describing an unusual scenario he
or she has encountered. These narratives
allow students to learn about the types of
injuries and situations an ATC may en
counter on a daily basis. At the end of
each chapter are 4 sections: Key Terms,
Questions for Review, Activities for Re
inforcement, and Above and Beyond.
These features provide additional refer
ences for students who want to further
their educational preparation beyond the
material supplied in each chapter.
All the illustrations and photographs
in the textbook are in black and white.

A few of the legends and descriptors
for the figures need clarification and
would benefit from additional informa
tion.
Overall, the chapters flow in a
smooth manner with good transitions.
The textbook is divided into the fol
lowing units: Unit I, "Basics of Human
Anatomy and Physiology" (2 chap
ters); Unit II, "First-Aid" (5 chapters);
Unit III, "Understanding AthleticsRelated Injuries to the Lower Quarter"
(3 chapters); Unit IV, "Understanding
Athletics-Related Injuries to the Axial
Region" (5 chapters); Unit V, "Under
standing Athletics-Related Injuries to
the Upper Quarter" (3 chapters); Unit
VI, "Preventing Athletics-Related In
juries" (2 chapters); Unit VII, " Reha
bilitation and Reconditioning of Ath
letics-Related Injuries" (3 chapters);
Unit VIII, "Other Athletic Conditions
and Concerns" (4 chapters); and Unit
IX, "Professional and Administrative
Aspects of Athletic Training" (2 chap
ters).
Athletic Training for Student Assis
tants was enjoyable to review, and I
would highly recommend this text.
Athletic training professionals should
find the text very useful, not only
within the classroom, but also as a
handy reference within the clinical set
ting.
Vincent G. Stilger, HSD, ATC
West Virginia University
Morgantown, WV

Exercise in Rehabilitation Medicine

Editors: Walter R. Frontera, David M.
Dawson, and David M. Slovik
Human Kinetics, Champaign, IL
1999
484 pages
ISBN: 0-88011-839-3
Price: $79.00
Exercise in Rehabilitation Medicine
is a well-referenced, comprehensive

text on the application of exercise sci
ence for specific rehabilitation popula
tions. It provides a thorough review of
muscle function, applicable biomechanics, and physiologic adaptations to
exercise as a foundation before delving
into the clinical application of these
principles for patients with heart dis
ease, diabetes, selected arthritides, spi
nal cord injury, and obesity, to name a
few conditions.
The text is a suitable primary text
for a postgraduate course in clinical
exercise physiology for any rehabilita
tion professional. Further, it would be
an important reference material for any
professional in the clinical setting
working with the specific patient pop
ulations identified in the text.
Chapters 1 through 6 lay the foun
dation for subsequent chapters by re
viewing current theory in the areas of
muscle function, gait biomechanics,
physiologic adaptations to exercise in
its various forms, and training flexibil
ity. Chapters 7 and 8 discuss testing
the disabled individual for exercise
capacity and exercise prescription.
Chapter 9 is unique in providing excel
lent clinical applicability in the area of
exercise and the prevention of chronic,
disabling disease. Chapters 10 through
19 are each dedicated to exercise and
its clinical applicability to a specific
patient population. Chapters 20 and 21
conclude the text with discussions on
aging and exercise and elite athletes
with impairments. Illustrations and ta
bles are used frequently and effectively
throughout the book, helping to further
explain the material being presented.
Overall, Exercise in Rehabilitation
Medicine is an excellent resource for
the clinical application of exercise in
the patient with impaired function.
Jon Kluge, MS, ATC, PT
Covenant Health Systems
Waterloo, IA
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DEADLINE FOR ABSTRACT SUBMISSION: JANUARY 5, 2001
Instructions for Submission of Abstracts
and Process for Review of All Submissions
Please read all instructions before preparing the abstract.
Individuals may submit only one abstract or clinical case report as pri
mary (presenting) author, but may submit unlimited abstracts or clini
cal case reports as a co-author. All abstracts will undergo blind review.

3.

4.
FREE COMMUNICATIONS ABSTRACTS
Specific Content Requirements
Abstracts in this category must include the purpose of the study
or hypothesis, a description of the subjects, the experimental meth
ods and materials, the type(s) of data analysis, the results of the
study, and the conclusion(s). Authors are asked to indicate a prefer
ence for oral or poster presentation of their abstracts. Authors of
free communications are required to categorize their abstracts in one
of the five specific areas of research funded by the NATA Research
and Education Foundation:
• Basic Science - includes controlled laboratory studies in the sub
disciplines of exercise physiology, biomechanics, and motor
behavior, among others, which relate to athletic training and
sports medicine.
• Clinical Studies - includes assessment of the validity, reliability,
and efficacy of clinical procedures, rehabilitation protocols,
injury prevention programs, surgical techniques, and so on.
• Educational Research - a broad category ranging from basic sur
veys to detailed athletic training/sports medicine curricular devel
opment. An abstract in this category will generally include
assessment of student learning, teaching effectiveness (didactic or
clinical), educational materials and curricular development.
• Sports Injury Epidemiology - includes studies of injury patterns
among athletes. These studies will generally encompass largescale data collection and analysis. Surveys and questionnaires
may be classified in this category but are more likely to come
under the Observation/Informational Studies category.
• Observation/Informational Studies - includes studies involving
surveys, questionnaires, and descriptive programs, among others,
which relate to athletic training and sports medicine.
Instructions for Preparing the Abstract
1. Provide all information requested on the Abstract Author
Information Form. Abstracts should be typed or word processed
using a letter-quality printer with no smaller than elite (12 cpi)
or 10-point typeface. Do not use a dot matrix printer.
2. Top, bottom, right, and left margins should be set at 1.5" using a

5.

6.

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

CLINICAL CASE REPORTS
Specific Content Requirements
This category of abstracts involves the presentation of unique indi
vidual athletic injury cases of general interest to our membership. This
year, no form is provided so that authors may use their own word-pro
cessing software to format and submit the following information using
a two-page format. Abstracts in this category must include the follow
ing information. A maximum of one paragraph should be presented for
each of the following required content area headings:
1) Personal data
2) Physical signs and symptoms
3) Differential diagnosis
4) Results of diagnostic imaging/laboratory tests
5) Clinical course
6) Deviation from the expected
Instructions for Preparing the Abstract
1. An individual may submit only one clinical case report abstract as
primary (presenting) author; however, there is no limit to the
number of abstracts (free communications or case reports) listing
an individual as co-author.
2. Clinical case report abstracts are to be word processed or typed
using a letter-quality printer with no smaller than elite (12 cpi)
or 10-point typeface. Do not use a dot matrix printer.
3. Top, bottom, right, and left margins should be set at 1.5" using a
standard 8.5" x 11" sheet of paper. Type the title of the paper
or project starting at the left margin.
4. Provide all information requested on the information form on the
next page. Please note that the institution (including the city and
state) where the clinical case occurred should be cited, not the
current address of the author(s), if different.

5. The title of the clinical case report should not contain infor
mation that may reveal the identity of the individual nor the spe
cific nature of the medical problem to the reader. An example
of a proper title for a clinical case report is "Chronic Shoulder
Pain in a Collegiate Wrestler."
6. Complete the six different categories of information as required
for a clinical case report abstract. These categories are:
a. Personal Data/Pertinent Medical history (age, sex, sport/occu
pation of individual, primary complaint, and pertinent aspects
of his/her medical history)
b. Physical Signs and Symptoms (a brief summary of the physi
cal findings)
c. Differential Diagnosis (array of possible injuries/conditions)
d. Results of Diagnostic Imaging/Laboratory Tests
e. Clinical Course (e.g., diagnosis, treatment, surgical technique,
rehabilitation program, final outcome)
f. Deviation From the Expected (a brief description of what
makes this case unique)

Instructions for Submitting Abstracts
(either Free Communications or Clinical Case Reports)
Complete the form and mail it, the original abstract, two photo
copies of the original abstract, six (6) blind copies (showing no
information about the authors or institution) of the abstract and a
labeled 3.5" DISKETTE copy (preferably in WordPerfect or ASCII
format; if you must send it in Macintosh format, please use a highdensity diskette) of your abstract to:
NATA Research & Education Foundation
Free Communications
2952 Stemmons Freeway
Dallas, TX 75247

ABSTRACTS POSTMARKED AFTER
JANUARY 5, 2001, WILL NOT BE ACCEPTED.

NOTE: The NATA Foundation has instituted a $25.00 Abstract Fee for each submission for presentation in 2001
and subsequent years. Please include a check payable to NATA Foundation with your abstract submission.

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

Abstract Fee ($25.00) is enclosed.

____

Credentials
Institution _
Address __
City.
State

Zip.

Work Telephone _______

Fax

NATA Membership Number
e-mail _____________
Key Words: (two to six words that identify your abstract)

Indicate the most appropriate TYPE for the presentation: (check one only)
Q Clinical Case Report
Q Free Communication
If FREE COMMUNICATION, indicate the most appropriate CATEGORY for your presentation: (check one only)
Q Basic Science
Q Clinical Studies
Q Educational Research
Q Sports Injury Epidemiology
Q Observation/Informational Studies
Indicate your presentation preference: (check one only; choice does not influence acceptance)
Q Poster
Q Oral
Q Indifferent
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The mission of the Journal of Athletic Training is
to enhance communication among professionals
interested in the quality of health care for the
physically active through education and research in
prevention, evaluation, management, and rehabili
tation of injuries.
SUBMISSION POLICIES

1.

2.

3.

4.

5.

6.

Submit 1 original and 5 copies of the entire
manuscript (including figures and tables) to:
Journal of Athletic Training Submissions,
Hughston Sports Medicine Foundation, Inc,
6262 Veterans Parkway, PO Box 9517, Co
lumbus, GA 31908. The term figure refers to
items that are not editable, either halftones
(photographs) or line art (charts, graphs, trac
ings, schematic drawings), or combinations
of the two. A table is an editable item that
needs to be typeset.
All manuscripts must be accompanied by a
letter signed by each author and must contain
the following statements: "This manuscript
1) contains original unpublished material that
has been submitted solely to the Journal of
Athletic Training, 2) is not under simulta
neous review by any other publication, and 3)
will not be submitted elsewhere until a deci
sion has been made concerning its suitability
for publication by the Journal of Athletic
Training. In consideration of the NATA's
taking action in reviewing and editing my
submission, I the undersigned author hereby
transfer, assign, or otherwise convey all
copyright ownership to the NATA, in the
event that such work is published by the
NATA. Further, I verify that I have contrib
uted substantially to this manuscript as out
lined in item #3 of the current Authors'
Guide." By signing the letter, the authors
agree to comply with all statements. Manu
scripts that are not accompanied by such a
letter will not be reviewed. Accepted manu
scripts become the property of the NATA.
Authors agree to accept any minor correc
tions of the manuscript made by the editors.
Each author must have contributed to the
article. This means that all coauthors should
have made some useful contribution to the
study, should have had a hand in writing and
revising it, and should be expected to be able
to defend the study publicly against criticism.
Financial support or provision of supplies
used in the study must be acknowledged.
Grant or contract numbers should be in
cluded whenever possible. The complete
name of the funding institution or agency
should be given, along with the city and state
in which it is located. If individual authors
were the recipients of funds, their names
should be listed parenthetically.
Authors must specify whether they have any
commercial or proprietary interest in any
device, equipment, instrument, or drug that is
the subject of the article in question. Authors
must also reveal if they have any financial
interest (as a consultant, reviewer, or evaluator) in a drug or device described in the
article.
For experimental investigations of human or
animal subjects, state in the methods section
of the manuscript that an appropriate institu
tional review board approved the project. For
those investigators who do not have formal
ethics review committees (institutional or
regional), the principles outlined in the Dec
laration of Helsinki should be followed (41st
World Medical Assembly. Declaration of
Helsinki: recommendations guiding physi
cians in biomedical research involving hu
man subjects. Bull Pan Am Health Organ.
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1990;24:606-609). For investigations of hu
man subjects, state in the methods section the
manner in which informed consent was ob
tained from the subjects. (Reprinted with
permission of JAMA 1997;278:68, copyright
1997, American Medical Association.)
7. Signed releases are required to verify permis
sion for the Journal ofAthletic Training 1) to
reproduce materials taken from other
sources, including text, figures, or tables; 2)
to reproduce photographs of individuals; and
3) to publish a Case Report. A Case Report
cannot be reviewed without a release signed
by the individual being discussed in the Case
Report. Release forms can be obtained from
the Editorial Office and from the JAT web
page, or authors may use their own forms.
8. The Journal of Athletic Training uses a dou
ble-blind review process. Authors should not
be identified in any way except on the title
page.
9. Manuscripts are edited to improve the effec
tiveness of communication between author
and readers and to aid the author in present
ing a work that is compatible with the style
policies found in the AMA Manual of Style,
9th ed. (Williams & Wilkins), 1998. Page
proofs are sent to the author for proofreading
when the article is typeset for publication. It
is important that they be returned within 48
hours. Important changes are permitted, but
authors will be charged for excessive alter
ations.
10. Published manuscripts and accompanying
work cannot be returned. Unused manu
scripts will be returned if submitted with a
stamped, self-addressed envelope.

STYLE POLICIES

11.

12.

13.
14.

15.

16.

Each page must be printed on 1 side of
8'/2-by-ll-inch paper, double spaced, with
1-inch margins in a font no smaller than 10
points. Each page should include line counts
to facilitate the review process. Do not right
justify pages.
Manuscripts should contain the following,
organized in the order listed below, with each
section beginning on a separate page:
a. Title page
b. Acknowledgments
c. Abstract and Key Words (first numbered
page)
d. Text (body of manuscript)
e. References
f. Tables (each on a separate page)
g. Legends to figures
h. Figures
Begin numbering the pages of your manu
script with the abstract page as #1; then,
consecutively number all successive pages.
Units of measurement shall be recorded as SI
units, as specified in the AMA Manual of
Style, except for angular displacement, which
should be measured in degrees rather than
radians. Examples include mass in kilograms
(kg), height in centimeters (cm), velocity in
meters per second (nvs" 1 or m/s), angular
velocity in degrees per second (°'S~'), force
in Newtons (N), and complex rates (mL/kg
per minute).
Titles should be brief within descriptive lim
its (a 16-word maximum is recommended). If
a disability is the relevant factor in an article,
the name of the disability should be included
in the title. If a technique is the principal
reason for the report, it should be in the title.
Often both should appear.
The title page should also include the name,
title, and affiliation of each author, and the
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name, address, phone number, fax number,
and E-mail address of the author to whom
correspondence is to be directed.
17. A structured abstract of no more than 250
words must accompany all manuscripts.
Type the complete title (but not the authors'
names) at the top, skip 2 lines, and begin the
abstract. Items that are needed differ by type
of article. Literature Review: Objective,
Data Sources, Data Synthesis, Conclusions/
Recommendations, and Key Words; Origi
nal Research articles: Objective, Design and
Setting, Subjects, Measurements, Results,
Conclusions, and Key Words; Case Re
ports: Objective, Background, Differential
Diagnosis, Treatment, Uniqueness, Conclu
sions, and Key Words; Clinical Techniques:
Objective, Background, Description, Clinical
Advantages, and Key Words. For the Key
Words entry, use 3 to 5 words that do not
appear in the title.
18. Begin the text of the manuscript with an
introductory paragraph or two in which the
purpose or hypothesis of the article is clearly
stated and developed. Tell why the study
needed to be done or the article written and
end with a statement of the problem (or
controversy). Highlights of the most promi
nent works of others as related to your
subject are often appropriate for the introduc
tion, but a detailed review of the literature
should be reserved for the discussion section.
In a 1- to 2-paragraph review of the literature,
identify and develop the magnitude and sig
nificance of the controversy, pointing out
differences among others' results, conclu
sions, and/or opinions. The introduction is
not the place for great detail; state the facts in
brief specific statements and reference them.
The detail belongs in the discussion. Also, an
overview of the manuscript is part of the
abstract, not the introduction. Writing should
be in the active voice (for example, instead of
"Subjects were selected...," use "We se
lected subjects...") and in the first person
(for example, instead of "The results of this
study showed. . .," use "Our results
showed...").
19. The body or main part of the manuscript
varies according to the type of article (exam
ples follow); however, the body should in
clude a discussion section in which the im
portance of the material presented is
addressed and related to other pertinent liter
ature. Liberal use of headings and subhead
ings, charts, graphs, and figures is recom
mended.
a. The body of an Original Research article
consists of a methods section, a presenta
tion of the results, and a discussion of the
results. The methods section should con
tain sufficient detail concerning the meth
ods, procedures, and apparatus employed
so that others can reproduce the results.
The results should be summarized using
descriptive and inferential statistics and a
few well-planned and carefully constructed
illustrations.
b. The body of a Literature Review article
should be organized into subsections in
which related thoughts of others are pre
sented, summarized, and referenced. Each
subsection should have a heading and brief
summary, possibly one sentence. Sections
must be arranged so that they progressively
focus on the problem or question posed in
the introduction.
c. The body of a Case Report should include
the following components: personal data
(age, sex, race, marital status, and occupa
tion when relevant—but not name), chief

complaint, history of present complaint
(including symptoms), results of physical
examination (example: "Physical findings
relevant to the rehabilitation program were
. . ."), medical history (surgery, laboratory
results, examination, etc), diagnosis, treat
ment and clinical course (rehabilitation un
til and after return to competition), criteria
for return to competition, and deviation
from expectations (what makes this case
unique).
d. The body of a Clinical Techniques
article should include both the how and
why of the technique: a step-by-step
explanation of how to perform the tech
nique, supplemented by photographs or
illustrations, and an explanation of why
the technique should be used. The dis
cussion concerning the why of the tech
nique should review similar techniques,
point out how the new technique differs,
and explain the advantages and disadvan
tages of the technique in comparison with
other techniques.
Percentages should be accompanied by the
numbers used to calculate them.
20. Communications articles, including official
Position Statements and Policy Statements
from the NATA Pronouncements Commit
tee; technical notes on such topics as research
design and statistics; and articles on other
professional issues of interest to the reader
ship are solicited by the Journal. An author
who has a suggestion for such a paper is
advised to contact the Editorial Office for
instructions.
21. The manuscript should not have a separate
summary section—the abstract serves as a
summary. It is appropriate, however, to tie
the article together with a summary para
graph or list of conclusions at the end of the
discussion section.
22. References should be numbered consecu
tively, using superscripted arabic numerals,
in the order in which they are cited in the text.
References should be used liberally. It is
unethical to present others' ideas as your

own. Also, use references so that readers who
desire further information on the topic can
benefit from your scholarship.
23. References to articles or books, published or
accepted for publication, or to papers pre
sented at professional meetings are listed in
numerical order at the end of the manuscript.
Journal title abbreviations conform to Index
Medicus style. Examples of references are
illustrated below. See the AMA Manual of
Style for other examples.
Journals:
1. van Dyke JR HI, Von Trapp JT Jr, Smith
BC Sr. Arthroscopic management of post
operative arthrofibrosis of the knee joint:
indication, technique, and results. J Bone
Joint Surg Br. 1995;19:517-525.
2. Council on Scientific Affairs. Scientific
issues in drug testing. JAMA. 1987;257:
3110-3114.
Books:
1. Fischer DH, Jones RT. Growing Old in
America. New York, NY: Oxford Univer
sity Press Inc; 1977:210-216.
2. Spencer JT, Brown QC. Immunology of
influenza. In: Kilbourne ED, Gray JB, eds.
The Influenza Viruses and Influenza. 3rd
ed. Orlando, FL: Academic Press Inc;
1975:373-393.
Presentations:
1. Stone JA. Swiss ball rehabilitation exer
cises. Presented at: 47th Annual Meeting
and Clinical Symposia of the National
Athletic Trainers' Association; June 12,
1996; Orlando, FL.
Internet Sources:
1. Knight KL, Ingersoll CD. Structure of a
scholarly manuscript: 66 tips for what
goes where. Available at http://www.nata.
org/jat/66tips. html. Accessed January 1,
1999.
2. National Athletic Trainers' Association.
NATA blood borne pathogens guidelines
for athletic trainers. Available at http://
www.nata.org. Accessed January 1, 1999.
24. Table Style: 1) Title is bold; body and column
headings are roman type; 2) units are set above

25.

26.

27.

28.

rules in parentheses; 3) numbers are aligned in
columns by decimal; 4) footnotes are indicated
by symbols (order of symbols: *, t, t, §, II, 1);
5) capitalize the first letter of each major word
in titles; for each column or row entry, capital
ize the first word only. See a current issue of the
Journal for examples.
All black and white line art should be
submitted in camera-ready form. Line art
should be of good quality; should be
clearly presented on white paper with
black ink, sans serif typeface, and no
box; and should be printed on a laser
printer—no dot matrix. Figures that re
quire reduction for publication must re
main readable at their final size (either 1
column or 2 columns wide). Photographs
should be glossy black and white prints.
Do not use paper clips, write on photo
graphs, or attach photographs to sheets of
paper. On the reverse of each figure
attach a write-on label with the figure
number, name of the author, and an arrow
indicating the top. (Note: Prepare the
label before affixing it to the figure.)
Authors should submit 1 original of each
figure and 5 copies for review.
Authors must request color reproduction
in a cover letter with the submitted manu
script. Authors will be notified of the
additional cost of color reproduction and
must confirm acceptance of the charges
in writing.
Legends to figures are numbered with
Arabic numerals in order of appearance
in the text. Legends should be printed on
separate pages at the end of the manu
script.
The Journal of Athletic Training follows the
redundant publication guidelines of the
Council of Biology Editors, Inc (CBE Views.
1996;19:76-77; also available on the JAT
web site at www.nata.org/jat). Authors found
in violation of redundant publication will
have sanctions invoked by the Journal Com
mittee of the National Athletic Trainers' As
sociation, Inc.
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