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T_ired of searching for the riyht patellar stabilizer? 
Pro offers 3 different types of braces for Patella 
subluxation problems. Mot only do you have choice in 
selection, but the best products in the marketplace 
in quality, materials, desiyn and craftsmanship.
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The 180 Dr. nMn Patellar 
brace has become the time 
tested successful 
conservative approach to 
patellar problems. 
Designed with several 
unique features, it is so 
revolutionary it's patented 1 
A buttress of orthopedic 
felt in a horseshoe 
configuration is positioned 
underneath the sleeve, 
taking advantage of the 
compression of the sleeve 
over the buttress. This 
assures proper positioning 
and control of patellar 
movement.

1OO-B

The 100-B sleeve provides 
a workable approach to 
the conservative treatment 
of patellar subluxation. 
This design uses 1/4" 
thick neoprene for extra 
compression and support. 
The addition of a lateral 
felt buttress under the 
sleeve places it next to the 
patella for maximum 
effectiveness. Patellar 
opening In sleeve allows 
patella to rise, 
deriving maximum benefit 
from the lateral buttress.

For Mare information on 
these or other Pro products 

call us toll-free at

1-8OO-523-561 1

The 115 was built upon the 
time-tested design of the 
Classic Knee Sleeve, Pro has 
taken the next step in 
intermediate patellar 
stabilization. A channel 
around the patellar 
opening on the inside of 
the sleeve holds a soft 
rubber stabilizer. Openings 
in this channel on the top, 
bottom and each side allow 
access to the stabilizer, any 
portion of which is easily 
removed with scissors 
should you desire.
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The Competition's in a Flurry.
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-*^- Wto £/i£ medical community 
is saying about StairMaster exercise systems:

"The StairMaster 
4000PT exercise system 
is the most useful, 
functional piece of 
equipment in physical 
therapy today. It makes 
the rehab process much 
safer and more 
effective."
Andrew Einhorn, P.T., A.T.C., assistant 
director. Southern California Center for 
Sports Medicine, Long Beach, California

"The StairMaster 
4000PT serves as an 
efficacious modality for 
cardiac rehab  
particularly for those 
patients whose 
orthopedic conditions 
would otherwise preclude 
their involvement in an 
exercise program."
Victor Ben-Ezra, Ph.D., Department of 
Kinesiology, Texas Woman's University, 
Denton, Texas

"The StairMaster 
4000PT is a safe and 
highly effective form of 
exercise conditioning for 
low back pain syndrome 
patients."
Laurence Bilfield, M.D., clinical instructor 
of orthopedic surgery, Case Western 
Reserve University School of Medicine, 
Cleveland, Ohio

In thousands of successful fitness centers, and over
1,500 medical facilities nationwide, StairMaster exercise systems

are the choice of the new American market.

"The StairMaster 4000PT 
has been an indispensable 
tool; supervised, proper 
use challenges the 
patient (recovering from 
reconstructive knee 
surgery) safely with 
adjustable programs to 
encourage full knee 
extension, gait training, 
and strength training."
K. Donald Shelboume, M.D. 
Methodist Sports Medicine Center 
Indianapolis, Indiana
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Washington, Department of Medicine, 
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Seattle, Washington
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for enhancing maximum 
functional performance 
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the practitioner with full 
clinical control to 
implement and integrate 
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techniques in the healing 
environment for 
rehabilitation."
Gary Gray, P.T., developer of the 
"Chain Reaction" seminar series for 
physical therapists, Adrian, Michigan

For more information, give us a call today.

tairMasterCall Toll Free 
1-800-635-2936

SPORTS/MEDICAL PRODUCTS, INC.

©1992 StairMaster Sports/Medical Products, Inc. 

StairMaster, StairMaster and 4000 PT are trademarks 

of StairMaster Sports/Medical Products, Inc.



etters to the Editor

Still More on Carpal Tunnel 
Syndrome

I read with intent Edward Kane's 
comments in Letters to the Editor (JAT, 
1994; 29:197), arising from the article I 
wrote titled, "Carpal Tunnel Syndrome" 
(JAT, 1994;29:22-30). His comments 
may serve as an example for us all re 
garding intelligent use of this open fo 
rum. Although I would have preferred to 
have been given an opportunity to de 
fend my work at the time of Mr. Kane's 
comments, my explanation is as follows.

First, there is question as to the valid 
ity of electromyography (EMG) eliciting 
fibrillations or F-wave abnormalities in 
the paravertebral muscles of those expe 
riencing cervical radiculopathy. Al 
though Mr. Kane cites current literature 
performed by individuals in the electro- 
diagnostic profession, practitioners have 
not come to agreement on this subject. 
Hence, electromyography may or may 
not elicit fibrillations in cervical radicu 
lopathy. Clinicians surmise that if there 
is nerve root irritation without nerve 
damage, the result will be an unremark 
able test. However, when nerve damage 
accompanies the nerve root irritation, 
there may be fibrillation present on the 
EMG. Although the value of F-wave

studies in the evaluation of carpal tunnel 
syndrome (CTS) remains to be estab 
lished, it is currently being used by a 
number of very respected individuals. It 
should not be used exclusively, but 
rather may be used in conjunction with 
EMG and nerve conduction studies in 
determining the diagnosis of CTS. I will 
agree that, traditionally, F-wave studies 
have not been routine in the evaluation 
of carpal tunnel syndrome.

Secondly, while Mr. Kane gives 
proper credit to the authors (Upton and 
McComas) for the term "double crush" 
syndrome, he incorrectly makes refer 
ence to my use of the term "occasionally 
required" regarding employment of 
EMG and nerve conduction studies prior 
to CTS surgery. I believe he has misin 
terpreted my point here. My use of the 
phrase, "occasionally required" (differ 
ential diagnosis section), refers to those 
tests that are available should a patient 
not respond to conservative treatment. 
Surely Mr. Kane does not promote the 
use of EMG and nerve conduction stud 
ies during the initial stage and mild grade 
of CTS? It may be argued that it is this 
judicious use of untimely diagnostic tests 
that has helped propel our society into 
the health insurance debate we now face.

Hence, the predetermination required for 
numerous medical procedures.

Lastly, it is implied that I made refer 
ence to conducting CTS surgery without 
first determining the nature of the neural 
involvement through further tests. In 
fact, I state in the differential diagnosis 
section of the article that ' 'careful phys 
ical examination and objective testing 
are important steps in evaluating com- 
pressive nerve lesions. Clinical examina 
tion should assess both sensory and mo 
tor involvement." I don't believe I can 
make it any clearer.

The goal of many authors is to pro 
voke the reader into questioning com 
mon practice and accepted theory. My 
deepest admiration of Mr. Kane for his 
insightful editorial of my work.

Gregory R. Zimmerman, MSA, ATC
Saginaw Division—

General Motors Corporation
Saginaw, MI 48601-9494

EDITOR'S NOTE: Our policy is to 
allow authors a chance to respond to 
correspondence concerning their works 
in the same issue as the correspon 
dence. We goofed. Our apologies to 
Mr. Zimmerman.
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17th Annual NATA Student Writing Contest
In an effort to promote scholarship among young athletic trainers, the National Athletic Trainers' Associ 

ation, Inc. sponsors an annual writing contest.

1. The contest is open to all undergraduate members of the NATA.
2. Papers must be on a topic germane to the profession of athletic training and can be case reports, literature 

reviews, experimental reports, analysis of training room techniques, etc.
3. Entries must not have been published, nor be under consideration for publication by any journal.
4. The winning entrant will receive a cash award and the paper will be published in the Journal of Athletic 

Training with recognition as the winning entry in the Annual NATA Student Writing Contest. One or more 
other entries may be given honorable mention status.

5. Entries must be written in journal manuscript form and adhere to all regulations set forth in the "Author's 
Guide" of the Journal of Athletic Training. We suggest that, before starting, you read: Knight KL. Tips for 
scientific/medical writers. JAM Train. 1990;25:47-50. NOTE: A reprint of this article, along with other 
helpful hints, can be obtained by writing to the Writing Contest Committee Chairman at the address below.

6. Entries must be received by March 1, 1995. Announcement of the winner will be made at the Annual 

Meeting and Clinical Symposium in June.
7. The Writing Contest Committee reserves the right to make no awards if, in their opinion, none of the entries 

is of sufficient quality to merit recognition.
8. An original and two copies of the paper must be received at the following address by March 1, 1995.

NATA Student Writing Contest 
Deloss Brubaker, EdD, ATC 
Life College 
1269 Barclay Circle 
Marietta, GA 30060

Over a Decade of Results...
THE MULTIAXIAL 
ANKLE EXERCISER
The MULTIAXIAL Ankle Exerciser saves time, space and wear and 
tear on your isokinetic equipment while offering your patient the very 
best in therapeutic exercise at a reasonable cost.

• all joint ranges of motion
• closed chain kinetic exercise through universal movement
• smooth action and adjustable progressive calibrated resistance with new zero degree stop
• easy to set up and stabilize by your treatment table
• balanced, biomechanical compartment loading plus chart of 15 comprehensive patterns of 

exercise

FOR MORE INFORMATION, PLEASE CONTACT

MULTIAXIAL8 INC. P.O. Box 404, Lincoln, Rhode Island 02865 • (401) 723-2525
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You've Helped Make Them The Best They Can Be. 
But Are You Giving Them The Best They Can Get?

You are if you're giving your team the Gatorade® Performance Series.

Top teams rely on the Gatorade name because nothing works better to

get a team prepared and help them achieve their best performances.

Gatorade® Thirst Quencher is the ultimate performance fuel.

It supplies energy and replaces lost fluids, speeding carbohydrates and

electrolytes to the body for peak performance and fast rehydration.

GatorLode® is an easy way to carbo-

load for sustained performance,

helping your team go longer

throughout their training. With its

concentrated carbohydrate source

The Gatorade Performance Series

it helps reduce recovery time by rapidly restoring muscle glycogen. 

GatorPro® is a nutritional supplement packed with protein, 

carbohydrates, vitamins and minerals. 

The newest members of the Gatorade Performance Series are 

GatorBar™ and ReLode®. You get the balanced energy of real fruits and 

grains from GatorBar, while ReLode is a concentrated carbohydrate

supplement in gel form. 

Don't settle for second best. Find out 

how the Gatorade Performance Series 

can help your team be the best they 

can be. Call 1-800-634-5086.

THE SCIENCE OF GATORADE IS THE SCIENCE OF PERFORMANCE.
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SAWA SHOULDER BRACE:

THE PROVEN ONE
The SAWA SHOULDER BRACE

is a major advancement in the 
design of shoulder girdle support. 
The snug-fitting, lightweight 
material (under 2 pounds) allows for 
comfort with movement. Its strap 
design system allows many options 
for maximum stability where 
needed, while giving you the range 
of motion also needed to help 
protect the glenohumeral joint from 
subluxations and dislocations.

The SAWA BRACE also has the 
added ability to support the 
acromio-clavicular joint by 
providing compression to the distal 
end of the clavicle.

BAR 1 GROIN/THIGH
The ideal brace for:

1. Adductor strains 
a. Gracilis 
b. Sartorius

2. Quadriceps/rectus femoris 
tear

3. Support hamstring strain
4. Hip flexor strain
5. Thigh contusions—Provides 

gentle support to assist 
muscle action when 
damaged from deep 
bruising.

The BAR 1 — co-developed by 
Dr. Thomas Sawa and Ray Barile, 
A.T.C., head hockey trainer at 
Cornell University — takes a 
revolutionary approach to the 
problematic treatment of groin/ 
thigh injuries. The BAR 1 
supports contractile tissue by 
mechanically supporting the 
normal musculature while the 
damaged soft tissue is healing.

Call TOLL FREE 1-800-545-1161 
for more information.

SAWA
VX Dynamk Bractt

BRACE/international

WE HIGHLY 
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FOR ALL SPORTS
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The Integrated Dynamic 
Exercise Advancement System 
Technique for Progressing 
Functional Closed Kinetic 
Chain Rehabilitation Programs

William A. Pitney, MS, ATC 
Edwin E. Bunton, MS, ATC, CSCS

Abstract: Graded exercise progres 
sions are necessary during the reha 
bilitation process. We developed the 
Integrated Dynamic Exercise Ad 
vancement System (IDEAS) to fill 
this void. There appears to be a lack 
of progression/advancement systems 
for closed kinetic chain exercises, 
even though the IDEAS technique 
for advancing closed chain activities 
is comprised of two phases: prepar 
ing a safe environment and advanc 
ing the exercise. Phase one includes 
a conceptual checklist to assess the 
safety of the environment. Phase two 
is a six-step process that challenges 
each plane of motion by adding 
speed, workload, external stimuli, 
and terrain changes. The IDEAS 
technique is presented to safely pre 
pare an environment and help clini 
cians to put thought into advancing 
an exercise program. The IDEAS

William A. Pitney received his undergrad 
uate degree from Indiana State Univer 
sity and is currently a physical educator 
and athletic trainer at American Rehabil 
itation Network, 14799 Dix-Toledo Hwy, 
Southgate, MI 48195. He received his 
masters degree from Eastern Michigan 
University where he currently serves as 
an educational consultant for the athletic 
training department.
Edwin E. Bunton is a clinical athletic 
trainer at American Rehabilitation Net 
work in Southgate, Michigan. He re 
ceived his graduate degree from Indiana 
State University, Terre Haute, IN.

technique is suggested for use in 
other arenas such as strength and 
conditioning.

Mi'any systems have been 
used to help clinicians sys- 

.tematically progress injured 
and noninjured individuals in rehabil 
itation and exercise programs. 2'5 '7 '8 
Examples include Delorme's pro 
gressive resistive exercise protocol2 
and a variation of this system devel 
oped for a daily rehabilitation regime

called the daily adjusted progressive 
resistive exercise, or DAPRE pro 
gram. 7 Although a structured system 
of progression is important in any re 
habilitation program, no such system 
currently exists for closed chain ki 
netic programs.

A systematic program for progress 
ing an injured individual through closed 
chain exercises is essential for several 
reasons. First, many clinicians may be 
apprehensive of aggressively using 
closed chain kinetics because they are 
charting unfamiliar territory. Second, a 
functional step-by-step progression is 
necessary to ensure that an injured in 
dividual is not placed in an unsafe en 
vironment or progressed too quickly.

The purpose of this paper is to intro 
duce the Integrated Dynamic Exercise 
Advancement System (IDEAS) that we 
developed to address the void of sys 
tematic progressions for functional 
closed kinetic chain rehabilitation pro 
grams (Fig 1). Also, an example of ad 
vancing an exercise will be illustrated 
and discussed.

The Importance of 
Functional Progression

A rehabilitation program must pro 
vide for calibrated (controlled) bio- 
mechanical stresses to the joint4 and

Integrated Dynamic Exercise Advancement System

Integrate movement 
patterns of the upper 
and lower extremity

Use dynamic, sport specific 
functional exercises

Exercise in a 
safely prepared 
environment with 
calibrated stresses

Safely advance the exercise 
by varying the speed/ 
resistance, changing terrain 
adding external stimuli 
and changing the plane 
of motion

Fig 1.—Elements of the IDEAS.
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progress by gradually increasing the 
intensity of the program. 9 Kegerreis5 
described the need for functional 
progression in athletic rehabilitation 
as: first, to safely restore ability, and, 
second, to acclimatize an athlete to 
the demands of sport or activity. 
Kegerreis5 continued by stating that 
this acclimatization should progress 
"in a precalculated step-by-step 
manner. Each successful stage builds 
on preceding stages." The IDEAS 
technique addresses these concepts 
by providing a structured yet flexible 
system for preparing and progress 
ing/advancing a closed kinetic chain 
rehabilitation program.

The flexibility of the system is 
found in the clinician's responsibility 
for determining the number of sets, 
repetitions, weights, type of exer 
cise, and speeds to be used. The first 
and foremost responsibility of the cli 
nician is to be familiar with body me 
chanics, muscle action, and goals of 
closed kinetic chain rehabilitation. 
These concepts are discussed in the 
literature 1 '4 ' 6 '8 and will not be dis 
cussed here in detail. What will be 
discussed in Phase one, however, is a 
conceptual checklist to be certain 
that the IDEAS technique is appro 
priate for the individual. Phase two 
consists of a six-step advancement 
system for progressing exercises 
from simple to complex.

IDEAS Phase One: Preparing 
an Environment

An environment simply refers to 
the area, surface, or mode that an 
athlete will interact with during an 
exercise. Examples include the floor, 
a step, a minitramp, or a BAPS 
board. As clinicians, we must include 
a variety of environments to help fa 
cilitate adaptive responses.6 The en 
vironment is responsible for facilitat 
ing a biomechanical response and 
can be pivotal in creating a success 
ful rehabilitation program. Many ex 
ercises can be performed and pro 
gressed in a closed chain fashion. 
Without thought, planning, and 
proper progression, however, an un- 
desired biomechanical response may 
occur which could be potentially haz 
ardous for the injured athlete. Select-

J[ \J ii A l3 Conceptual Checklist Phase One:

Preparing and Selecting the Environment

Will the environment 
help to achieve 
established goals?

Is the environment 
biomechanically safe?

Can the environment 
be objectively 
measured and safely 
progressed?

Is the clinician 
comfortable with the 
environment?

Is the patient 
comfortable with the 
environment?

Can the environment 
be justified?

Fig 2.—Conceptual checklist for preparing an environment.

ing and preparing a safe clinical envi 
ronment is procedural to any 
clinician. Whether by asking an ath 
lete how they are doing or constantly 
observing for compensations, you 
should always check to be sure that 
an exercise is safe. However, when 
using sagittal plane-dominated exer 
cises or equipment, the consider 
ations may be far less involved than 
when you are using a multiplanar 
closed chain kinetic exercise. There 
fore, a conceptual checklist is essen 
tial when selecting and preparing an 
environment prior to performing 
functional closed kinetic chain exer 
cises (Fig 2).

First and foremost, the environ 
ment must deliver the expected bio 
mechanical response. Clinicians 
must ask themselves if the environ 
ment will help to achieve the estab 
lished goals of the rehabilitation pro 
gram in a safe and controlled 
manner. In addition, clinicians must 
be sure that the environment can be 
progressed or altered in a functional 
manner and that calibrated (con 
trolled) gradual stresses can be pro 
vided (ie, partial weight bearing).

Another consideration when prepar 
ing the environment is objectivity. 
Does the created environment allow for

functional objective measurement? An 
environment that does not allow us to 
measure improvement is, at times, hard 
to justify. Therefore, we must choose 
an environment that will allow us to 
make functional statements to assess 
the improvement of an individual. For 
example: "The athlete is able to per 
form 30 lateral step-ups on a 6-inch step 
with a 10-lb load, using proper control 
and posture." It is imperative for clini 
cians to monitor or record an individu 
al's progression, specifically, the type 
of terrain (hard, soft, slanted), step 
heights (if applicable), the amount of re 
sistance used, the number of repeti 
tions, and the type of control exhibited 
by the individual (abnormal/normal 
compensations). These objective mea 
surements demonstrate that you have 
attempted to create functional situa 
tions. In addition, the athlete's subjec 
tive reports should always be consid 
ered.

It is important for the athlete and 
clinician to feel comfortable with the 
environment. If doubts exist as to the 
safety of the environment, it should 
be reconsidered. If you are to err, err 
to the conservative. The process of 
selecting an environment can be 
summed up with two preparatory 
questions. First, is the environment
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I D E A S Phase Two:

Advancing the Exercise
Step one:

Select a plane of movement

Step two:

Adjust or change the speed

Step three:

Adjust the resistance

Step four:

Add a dynamic external 
stimuli

Step five:

Change the terrain

Step six:
Select a new plane of 
movement and advance the 
exercise from step two

Fig 3.—Six steps to the exercise advancement system.

indicated? And, second, can the ex 
ercise be justified? If you answer no 
to either of these questions, then the 
environment you have selected or 
created, as well as the exercise, 
should not be used.

IDEAS Phase Two: 
Advancing the Exercise

During Phase two of the IDEAS con 
cept you adjust five components of the 
exercise: speed, resistance, external 
stimuli, terrain, and the selected planes 
of movement (Fig 3). When these com 
ponents are adjusted in a precalculated 
and organized manner, they act to 
gether to advance an exercise.

In the first step of the IDEAS con 
cept, you select a plane of motion in 
which to work. With an anterior cru 
ciate ligament injury, for example, 
function in the transverse/frontal 
plane is typically deficient. There 
fore, activities in the transverse/ 
frontal plane need to be challenged in 
a graded manner to help regain joint 
stability and position sense. 1 Func 
tion in a deficient plane is first chal 
lenged to address the biomechanical 
requirements of having three planes 
of motion available during functional 
tasks.4

Step two advances an exercise in 
the selected plane by gradually in 
creasing the speed of the exercise 
(Fig 4). The speed must be adjusted 
to help control limb acceleration and 
deceleration. The stresses may need 
to be calibrated in the early phases of 
a rehabilitation program by simply 
using partial weight bearing. Once 
the athlete is able to function in a 
given plane and can control acceler 
ation and deceleration forces with 
varied speed and full weight bearing, 
move to step three.

Fig 5.—A sport cord has been added 
to increase the workload.

Step three involves adding a work 
load to the current exercise (Fig 5). The 
workload can be in many forms, such 
as hand-held weights or a sport cord. 
Adding resistance increases the inten 
sity of the exercise causing the joint to 
further control limb acceleration and 
deceleration. Furthermore, because ac 
celeration and deceleration can only be 
witnessed in a dynamic sense, adding a 
workload allows you to observe for 
compensations occurring in a multipla- 
nar environment.

Step four involves adding a dy 
namic external stimuli (Fig 6). The 
external stimuli can be at a variety of 
levels, from simply holding a basket 
ball to throwing a medicine ball. The 
addition of an external stimuli serves 
two purposes. First, the athlete must 
manipulate the stimuli which en 
hances stability. 3 Second, and per 
haps more importantly, the external 
stimuli creates a diversion to the task 
at hand. In other words, the athlete

Fig 4.—After an environment has 
been prepared, exercising in a selected 
plane at various speeds can be per 
formed.

Fig 6.—The body blade has been 
added as an external stimuli to help 
make activity at the lower extremity a 
subconscious task.
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Fig 7.—In Step 5, a minitramp has 
been added to change the terrain thus 
preparing the limb for terrain changes 
using clinical control.

concentrates on the stimuli instead of 
the movement. This is significant be 
cause the conscious task of move 
ment on any terrain, at any speed, 
and in any plane should be subcon 
scious.4

Step five involves changing the ter 
rain (Fig 7). Many rehabilitation en 
vironments do not accommodate for 
the types of terrain faced by individ 
uals in daily activity. Therefore, it is 
necessary to create these terrains 
with clinical control while being sure 
that the previous steps are accommo 
dated.

When the athlete can: function in a 
given plane, control added speed, ac 
commodate to a different terrain, ma 
nipulate an external stimuli, and con 
trol an increased workload, then 
function in a new plane can be chal 
lenged. Activity in the new plane is 
then advanced in the same way until 
the athlete can control added speed, 
accommodate a different terrain, ma 
nipulate an external stimuli, and con 
trol an increased workload (Fig 8, 
A-D). This system is repeated until 
function in all planes have been chal 
lenged in a dynamic sport-specific 
sense with maximum weight and 
speed.

The clinical challenge is for an in 
dividual to progress and build confi 
dence so that subconscious control

Fig 8.—Once each step of the advancement system has been accomplished, function 
in a new plane can be challenged. This plane is addressed in the same manner by 
increasing the speed, adding resistance, adding an external stimuli, and changing 
the terrain.

of functional movement patterns is 
possible. Upper and lower extremity 
structures function in multiplanar en 
vironments and, therefore, must be 
trained as such under clinical con 
trol.

Conclusion
The IDEAS concept may not be 

suitable for all clinicians or for every 
exercise. When used as directed, 
however, it offers the clinician a safe, 
graded exercise advancement system 
for closed kinetic chain exercises.
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Recognition and Treatment of 
Osteochondritis Dissecans of 
the Femoral Condyles

Matthew E. Sailors, MEd, PT, ATC

Abstract: Osteochondritis disse- 
cans (OD) of the femoral condyles is 
a vague and often confusing diag 
nostic entity encountered by many 
clinicians. Unfortunately, there are 
several factors that add to this con 
fusion. Chief among these is the 
proper recognition and understand 
ing of the disease process, which is 
not well-documented. In addition, 
OD is often generically grouped to 
gether with other femoral condylar 
lesions that require differing diag 
nostic and treatment methods for 
proper care. OD is commonly di 
vided into two categories, juvenile 
and adult forms. Each requires dif 
ferent methods of correction and re 
habilitation. This paper describes the 
disease process of OD, explains the 
differences between the juvenile and 
adult forms (including common 
symptoms and diagnostic tech 
niques), describes several of the pa 
thologies that OD is mistakenly 
grouped with, and gives a brief re 
view of the common arthroscopic 
and surgical techniques used to treat 
this pathology. In addition, rehabili 
tation guidelines and suggestions are 
offered to aid the athlete's return to 
functional activities.

With the recent popularity of 
research dedicated to the 
knee, great strides have 

been made in understanding the 
many pathologies associated with the 
joint. One area, however, that is still

Matt E. Sailors is an assistant professor of 
physical therapy at the University of 
South Dakota in Vermillion, SD 57069.

controversial and confusing to many 
clinicians is Osteochondritis disse- 
cans (OD) of the femoral condyles. 
This disease process, first described 
by Paget,9 and named by Koenig,3 is 
often mistakenly grouped with sev 
eral other distinctly different pathol 
ogies, which serves to add to the con 
fusion surrounding it. 4 OD can occur 
at many sites in the body, including 
the talus, 8 mandible, 14 elbow, 11 
shoulder, 10 patella, 12 and the fe- 
mur. 1 ' 2'4' 7'9' 13

The purposes of this paper are to 
describe the disease process that oc 
curs with OD, differentiate its juve 
nile and adult forms, contrast OD to 
similar pathologies at the femoral 
condyles, discuss some commonly 
used arthroscopic and surgical inter 
ventions for OD, and to provide 
some suggestions for rehabilitating 
athletes suffering from OD.

The Disease Process
OD is a disease process of a myste 

rious, and usually controversial, na 
ture. Several etiologies have been pro 
posed including heredity and familial 
disposition, 2 '4 '9 ' 13 acute or repeated 
trauma,2'4'9 ' 13 epiphyseal ossification 
abnormalities,4'5 '9 avascular necrosis or 
impaired blood supply,2'9 ' 14 and endo 
crine imbalances.2'9 Typically, OD is 
divided into two groups: juvenile,9 
which is also commonly referred to as 
"early"4 or "under fifteen", 13 and 
adult,6'9 which is also called "late"4 or 
"over fifteen". 13 For purposes of sim 
plification, these groups will be referred 
to as juvenile and adult throughout the 
body of this paper.

Juvenile OD is described as a sin 
gle area of ossification developed

separately from the main body of an 
otherwise normal epiphysis.4'5 Initial 
radiographic examination reveals an 
irregularity in the ossifying margin of 
the epiphysis. Later radiographs re 
veal a concentric flake of bone which 
grows at the same rate as the epiphy 
sis yet remains separated from it by a 
transradiant line. 4 '5 '9 The bone flake 
is usually several millimeters thick 
but has few, if any, trabeculae and 
has the general appearance of a non 
union fracture. 9

Adult OD is described as a bone frag 
ment or loose body that is usually a re 
sult of previous juvenile OD,4'9 al 
though some insist later trauma can 
cause occurrence of the disease.2'4'9' 13 
The loose body results in a concave 
crater on the femoral condyle with 
steeply sloping edges.4'9

Aichroth1 described five basic sites 
of OD lesions on the femoral 
condyles, with 85% of the lesions 
presenting on the medial condyle and 
15% on the lateral condyle. Of these 
lesions, 69% occur on the "classic 
site," which is the lateral aspect of 
the medial femoral condyle. 1 Bradley 
and Dandy4 arthroscopically exam 
ined 5000 patients with varying le 
sions at multiple sites on the femoral 
condyles. The authors found what 
they described as true OD in both the 
juvenile and adult stages at only the 
classical site, despite a careful search 
for the condition at other areas. They 
suggested that the imprecise use of 
terminology regarding OD leads to 
much of the controversy surrounding 
it and that many of the patients ge 
nerically termed as suffering from 
OD may actually be suffering from 
other nondissecting pathologies.

Symptoms and Diagnosis
As stated above, there are two dis 

tinct forms of OD, juvenile and adult, 
that can occur at various sites on the 
femoral condyles. Each of these pre 
sentations offer differing symptoms 
and treatment forms. In both the ju 
venile and adult forms, medial 
condylar lesions tend to be some 
what more anterior on the condyle 
and lead to patellofemoral joint pain 
and dysfunction of the extensor 
mechanism. Lateral condylar lesions
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often occur more posterior and lead 
to tibiofemoral derangement and are 
more prone to fragmentation.9

Juvenile OD may result in symp 
toms of nonspecific knee pain, mild 
effusion, quadriceps muscle atrophy, 
point tenderness, tibial external rota 
tion with gait, and may have episodes 
of catching or locking. 2 '4 '9 ' 13 Bradley 
and Dandy4 point out that all of their 
juvenile OD cases occurred in the 
second decade of life and that a he- 
marthrosis occurred only in those pa 
tients with acute osteochondral frac 
tures. Patients presenting with 
juvenile OD typically do not have a 
history of knee trauma. 4 ' 13 Diagnosis 
is usually made with a radiograph,9' 13 
but arthroscopy is considered an in 
valuable tool for assessing the pro 
gression of OD. 9

Adult OD patients present with 
many of the same symptoms as the 
juvenile form but are more prone to 
catching or locking of the knee joint, 
"giving way" of the knee, and they 
may have a specific history of trau 
ma. 13 Bradley and Dandy4 pointed 
out that they did not see adult OD in 
any patients under the age of 18. 
Adult lesions tend to slough loose 
bodies9 creating a condylar defect 
which may be palpable with the knee 
flexed to 90°. 13 Wilson's test is often 
positive for these patients as 
well. 13 ' 16 This test is performed with 
the patient sitting with the knees 
flexed over the edge of the examining 
table. The tibia is internally rotated 
and the knee actively extended. Pain 
increases at approximately 30° of 
knee flexion if there is an osteochon- 
dritis dissecan lesion at the classical 
site, and the patient is asked to stop 
the motion. The tibia is then exter 
nally rotated, and, if the pain disap 
pears, the test is considered positive 
for OD. 16 Radiographs, arthroscopy, 
three-dimensional CT scans, and 
MRI are used to confirm the diagno 
sis and to monitor its progress. 4 '7 '9 ' 13

Differentiating OD From 
Other Pathologies

OD can be differentiated from 
other sources of joint line pain during 
the physical examination. Meniscal 
and collateral ligament injuries can

be assessed with testing in a routine 
physical examination. 2' 13 However, 
there are some specific condylar le 
sions that need to be defined and dif 
ferentiated arthroscopically. Recent 
ly, 4 many disorders that result in 
condylar fragment separation have 
been incorrectly termed OD; there 
fore, some clarification is warranted.

Idiopathic osteonecrosis is distin 
guished as a cavity created by the 
disappearance of subchondral bone 
roofed by a plate of cortical bone.4 
The cortical bone roof is unstable 
and reveals a cavity containing 
shapeless soft tissue.

Chondral separations are full sep 
arations of articular cartilage that ex 
pose subchondral bone. Typically, 
chondral separations have very ver 
tical margins. 4 Very similar to chon 
dral separations are chondral flaps, 
where there is partial separation of 
the articular cartilage but the sub 
chondral bone is not exposed.

Osteochondral fractures are recog 
nizable by having both a flat and a 
convex surface.4 ' 9 Acute injuries 
cause a hemarthrosis, and the frag 
ment is made of cancellous bone on 
the flat surface and a layer of articu 
lar cartilage of the convex surface. 
Old injuries have a loose body in the 
joint and a flattened region at the site 
of its origin.

In addition to these pathologies, 
steroid osteonecrosis and epiphyseal 
dysplasia can also cause fragmenta 
tion of the femoral condyles,4 but 
these conditions are usually quite 
distinguishable from the others.

Treatment of OD
Once OD is accurately recognized 

and diagnosed, it must be effectively 
treated. The standard treatment for 
juvenile OD is a period of rest lasting 
from 3 months to 1 year, and this is 
often enforced with immobilization 
or casting. Larger lesions may take 
on the appearance of adult OD and, 
as such, may require arthroscopy as 
the mode of treatment.9

Adult OD is usually treated arthro 
scopically. For a thorough coverage 
of the many procedures used arthro 
scopically, see Garrett. 9

Simple drilling has been advocated 
as an effective mode of treatment but 
has recently been deemed controver 
sial because the osteochondral frag 
ment is usually removed within 1 to 2 
years anyway. 2'7 '9 Retrograde drill 
ing and bone grafting are suggested 
as a treatment method but are con 
sidered much more demanding and, 
at times, technically impossible and, 
as such, would not be suitable for the 
inexperienced surgeon.9

Extraction of the loose body is of 
ten performed and best indicated 
when the bone has fragmented, been 
altered in shape, or lacks sufficient 
bony backing to warrant other forms 
of stabilization. 9' 13

Replacement pinning of the loose 
body has long been the gold standard 
of treatment. 9 However, this method 
is questionable. 9 For the procedure 
to be fully effective, some bone graft 
ing is required, and, in many cases, 
all one has left after the procedure is 
the equivalent of a stable, pinned, 
nonunion fracture that will not heal.9

Fixation has been performed with 
such items as smooth Kirschner wires, 
bone pegs, nails, biodegradable pins, 
and cannulated screws,2'9' 13 but each of 
these items has some failing that makes 
it less than ideal. One fixation device 
that does seem to work well is the Her 
bert screw, which both compresses 
well and may be countersunk to allow 
early motion of the knee joint.9 The 
screws are relatively stiff, though, and 
must be removed early to prevent bone 
formation along the shank of the screw.

Abrasion arthroplasty and hetero- 
topic autogenous grafting have also 
been used with good results on 
smaller lesions, but with little suc 
cess on larger lesions.

Rehabilitation and Prognosis 
for OD Patients

Since the treatment for juvenile 
OD involves relatively lengthy im 
mobilization and possible casting, 
many steps must be taken to counter 
the negative effects of this process. 
During this period, the young athlete 
must be encouraged to perform car 
diovascular exercises such as the 
Upper Body Ergometer, seated 
Versaclimber exercise, or other sim-
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ilar aerobic activities. Lower extrem 
ity flexibility should be maintained, 
and every major muscle group, with 
the exception of the quadriceps, can 
be safely stretched while maintaining 
immobilization of the knee joint.

Strength can be maintained 
through use of such exercises as 
"four-way" straight leg raises (hip 
flexion/adduction/abduction/exten 
sion) and ankle tubing exercises. 
Quadriceps and hamstring coactiva- 
tion, or setting, can be performed 
while in an immobilizer or cast. The 
use of neuromuscular electrical stim 
ulation to the quadriceps and ham 
strings for coactivation contractions 
can further augment the strength 
maintenance program. 15

Following immobilization, the 
techniques described above should 
be continued, and range of motion 
exercises and joint mobilizations of 
the knee, as well as progressive 
quadriceps and hamstring strength 
ening should be performed. Weight- 
bearing progression throughout reha 
bilitation should be to patient 
tolerance, and aquatic therapy is 
very beneficial in facilitating the re 
turn to full-weight-bearing status. 
Gait training techniques, such as 
manual facilitation and visual feed 
back to the patient via a full-length 
mirror, may be used to address any 
gait deviations that developed during 
the immobilization and decreased 
weight-bearing phases of rehabilita 
tion. In addition, exercises to restore 
normal knee and ankle joint proprio- 
ception, such as biomechanical ankle 
platform systems (BAPS board) ex 
ercises or unilateral stance, are also

beneficial to the athlete planning to 
return to competition.

The prognosis for juvenile OD is 
very good as most conditions result in 
excellent healing and a complete resto 
ration of normal joint mechanics.4'9

The rehabilitation for adult OD dif 
fers in that most of these cases are 
surgical. The surgical procedure will 
have an impact on the rehabilitation 
guidelines but, generally, continuous 
passive motion is used very early af 
ter surgery, and, for minor lesions, 
immediate weight bearing is possible. 
Larger lesions (over 3 cm) may de 
mand weight-bearing restrictions for 
up to 6 weeks. 9 Fortunately, the 
physical therapist or athletic trainer 
does not have the immobilization 
concerns that occur in the juvenile 
form. However, the overall progno 
sis is not as good in the adult OD 
patient.4' 13 Crawfurd et al7 reported 
that only 30% of patients had suc 
cessful spontaneous healing of stable 
lesions at the classic site when fol 
lowed up 7.5 years after the initial 
arthroscopic diagnosis. Athletic ac 
tivity may be restricted for up to 6 
months and some repetitive trauma 
sports such as basketball and dis 
tance running may be discouraged by 
the physician due to the likelihood of 
reinjury. Regardless, a thorough re 
habilitation program, such as that 
discussed for juvenile OD, should be 
developed and implemented to assist 
in the potential return to competitive 
athletics.
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Use and Fabrication of 
Temporary Orthotics

Denise L. Massie, MS, ATC

Abstract: Orthotics are effective for 
altering compensatory motions 
which result from abnormalities in 
the foot and lower extremity. In spe 
cific cases, temporary use of an or- 
thosis is beneficial for reducing ab 
normal stresses while allowing 
involved structures to heal. Addition 
ally, a temporary orthotic may pro 
vide a trial period to determine if the 
athlete would benefit from a perma 
nent orthosis. A step-by-step proce 
dure is presented for the fabrication 
of a temporary semirigid orthotic. 
Used as an adjunct to the treatment 
and rehabilitation program, tempo 
rary orthotics are effective in encour 
aging early weight-bearing toler 
ance, while placing the foot near the 
subtalar joint neutral position.

Knowledge of abnormal foot 
biomechanics and their ef 
fect on lower extremity pa 

thology require an appreciation of 
forces which occur when the foot hits 
the ground. As the trend continues 
toward closed kinetic chain rehabili 
tation, tolerance of weight-bearing 
activity is required without invoking 
undue stress to involved structures. 
Therefore, in order to provide com 
prehensive care, methods to control 
abnormal joint motion and enhance 
shock absorption must be addressed. 

The relationship between abnormal 
foot biomechanics, lower extremity 
pathology, and orthotic intervention is

Denise L. Massie is an athletic trainer at 
West Virginia University in Morgantown, 
WV 26506. She is also coordinator of ed 
ucation and research at Morgantown 
Physical Therapy Associates in Morgan- 
town, WV.

well documented. 1 '2'4'6'7' 11 ' 13 - 16 James 
et al,6 in a study of injuries sustained 
by 180 runners, identified 83 subjects 
treated with orthotic devices; 78% (65/ 
83) were able to return to their previ 
ous activity level. Eggold4 reported 
similar results in a survey of 146 run 
ners regarding orthotic effectiveness 
in relieving symptoms associated with 
overuse and impact shock injuries. 
Comprehensive management requires 
the athletic trainer to identify the 
cause of injury (eg, muscle imbalance, 
muscle tightness, abnormal foot bio 
mechanics) while treating the effect 
(eg, pain, swelling). Serving as one 
component of the treatment program, 
foot orthotics can improve efficiency 
by restoring normal foot function 
throughout the weight-bearing cycle 
while reducing abnormal stresses 
placed upon the joint capsule, liga 
ments, joint surfaces, or musculoten- 
dinous structures.3 ' 10' 13

Normal Biomechanics
The subtalar joint functions to ab 

sorb shock and serves as a torque 
converter transmitting lower extrem 
ity transverse plane motion into the 
foot. 2 ' 9 Closed chain subtalar joint 
pronation, which consists of calca- 
neal eversion, talar adduction, and 
plantarflexion, aids in shock absorp 
tion and allows the foot to become a 
flexible structure that can adapt to 
changes in terrain. 2'9' 12 Pronation of 
the subtalar joint allows the midtarsal 
joint to pronate or "unlock," making 
the foot a mobile structure. Closed 
chain subtalar joint supination con 
sists of calcaneal inversion, talar ab 
duction, and dorsiflexion. Subtalar 
joint supination causes the midtarsal 
joint to "lock," which prepares the 
foot to become a rigid lever during 
the propulsive phase of gait. 2 ' 9 ' 12

The gait cycle consists of two 
phases: a stance phase and swing 
phase. The swing phase occurs be 
tween toe off and heel strike. The 
stance phase, the time between heel 
strike and toe off, is further divided 
into three periods: contact, mid- 
stance, and propulsion. 12

The contact period begins at heel 
strike and ends with forefoot loading 
or toe off of the opposite foot. Initial 
heelstrike should occur with the sub 
talar joint in a slightly supinated po 
sition followed by rapid pronation to 
approximately a 4° to 6° everted po 
sition. 12 The contact period is char 
acterized by STJ pronation, leg inter 
nal rotation, and knee flexion. 
Subtalar joint pronation is a neces 
sary component of the contact pe 
riod, because it provides shock ab 
sorption and allows the foot to adapt 
to changes in terrain.

The midstance period extends 
from foot flat to heel lift. As the foot 
approaches midstance, the subtalar 
joint begins to supinate and contin 
ues to do so throughout the propul 
sion phase. 12 The midstance period is 
characterized by subtalar joint supi 
nation, leg external rotation, and 
knee extension.

The propulsion period begins at 
heel lift and ends with toe off. During 
this period, the subtalar joint contin 
ues to supinate and the leg externally 
rotates. Immediately prior to toe off, 
the subtalar joint begins to slightly 
pronate and body weight shifts from 
the lateral to medial aspect of the 
foot. 12

Abnormal Biomechanics
As previously stated, maximal 

subtalar joint pronation occurs 
during the contact period of gait. 
Pronation which occurs beyond the 
midstance phase is referred to as 
"hyperpronation." Hyperpronation 
results in an abnormal delay of lower 
extremity external rotation and supi 
nation, and a less efficient cuboid 
pulley mechanism. This absence of 
supination during the propulsion 
phase may be deleterious to the mus- 
culoskeletal system. Excessive pr 
onation results in a hypermobile foot 
at push-off as opposed to a rigid le-
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Fig 1.—An ink mark is placed proximal to the metatarsal heads, which, once 
transposed onto the orthotic, determines the length of the device.

ver, thus resulting in a less efficient 
gait. 2- 13

Structural deformities, such as a 
forefoot or rearfoot varus, may result 
in compensatory subtalar joint pr- 
onation to get the medial column of 
the foot onto the ground. Tiberio 14 
suggested that it is the compensation, 
not the abnormality, which results in 
injury to the musculoskeletal system. 
If the subtalar joint and/or the mid- 
tarsal joint compensates for the de 
formity by pronating rapidly, exces 
sively, or at the wrong time of the 
gait cycle, increased stress is applied 
to the related musculotendinous 
structures. Those muscles which de 
celerate subtalar joint pronation, eg, 
posterior tibialis, anterior tibialis, 
gastrocnemius, and soleus, receive 
repetitive excessive and prolonged 
eccentric loads which often result in 
overuse injuries. Treatment, there 
fore, should be dictated by the sub 
talar joint compensation that occurs 
secondary to the structural deformi-ty. 14

Orthotics function by controlling 
excessive motion during the weight- 
bearing phase of the gait cycle. 2 
Bates et al 1 conducted a study of six 
subjects filmed with a video camera 
under three conditions: barefoot, 
running shoe, and running shoe with 
orthotic. The amount of maximum

pronation and period of pronation 
were significantly reduced with the 
orthotic device. 1

A temporary orthotic may be im 
plemented prior to acquisition of a 
permanent orthosis or serve as an ad 
junct to a treatment program. A tem 
porary orthotic is indicated as a 
readily available and inexpensive 
step to determine if the athlete is a 
candidate for a permanent device. 
Specific pathologies, such as acute 
inversion ankle sprains, may benefit 
from temporary use of such an or 
thotic to encourage early weight- 
bearing tolerance by decreasing in- 
tra-articular pressure. Eyring and 
Murray5 determined that intra-artic- 
ular pressure in the subtalar joint is 
decreased when the joint is in the 
neutral position. Orteza et al, 11 in a 
study on acute inversion ankle 
sprains, demonstrated subjective re 
ports of decreased pain, improved 
weight-bearing tolerance, and im 
proved balance with the implementa 
tion of a temporary orthotic.

The goal of an orthotic device is to 
hold the foot near the neutral posi 
tion of the subtalar joint, not entirely 
in subtalar neutral. The normal gait 
cycle requires approximately 6° of 
subtalar joint pronation during the 
contact period. 12 The orthotic, there 
fore, should allow the necessary

amount of pronation to maintain nor 
mal function.

Fabrication
The temporary orthotic is con 

structed from a semirigid thermo 
plastic material called Aquaplast. 
The following is a step-by-step pro 
cedure for the orthosis:
1. Position the athlete prone with 

one leg extended and other leg 
flexed, externally rotated, and ab 
ducted.

2. Draw a line proximal to the meta 
tarsal heads on the plantar aspect 
of the foot (Fig 1).

3. Cut a piece of Aquaplast larger than 
the size of the foot. Place in the hy- 
drocollator which maintains water 
temperature ranging from 149° to 
160°F.

4. Once the material has turned 
clear, apply the Aquaplast to the 
plantar aspect of the foot, cover 
ing the calcaneus and sides.

5. Smooth material around the calca 
neus (Fig 2).

6. With the athlete's foot relaxed, 
place the foot in STJ neutral posi 
tion (Fig 3). Locate the talus on 
the medial aspect of the foot by 
placing the thumb anterior and in 
ferior to the medial malleolus. 
Grasp the fourth and fifth metatar 
sal heads with the other hand and 
passively pronate and supinate 
the foot. The medial talar head 
will retract with supination and 
become palpable with pronation. 
Maintaining the same hand posi 
tion, palpate anterior to the lateral 
malleolus with the index finger to 
locate the talar dome. The talus 
will become palpable under the in 
dex finger with supination and will 
retract with pronation. To deter 
mine STJ neutral position, pas 
sively pronate and supinate the 
foot while locating that position in 
which the talus is equally palpable 
under the thumb and index finger 
or not palpable at all. Once deter 
mined, slightly dorsiflex the foot 
to resistance which will lock the 
midtarsal joint onto the STJ. 15

7. With the STJ neutral position, 
move the hand which was holding 
the metatarsal heads to the calca-
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Fig 2.—The heated Aquaplast is molded to the plantar surface of the foot. Care is 
taken to mold the material around the calcaneus.

neus. Grasp the sides of the calca 
neus. This will maintain the STJ 
neutral position. Now use the 
other hand to smooth the material 
against the plantar aspect of the 
foot (Fig 4).
Once the material hardens, re 
move it from the foot. The mark 
which was drawn proximal to the 
metatarsal heads should have 
transferred to the orthotic. Trim 
the edges of the orthotic along the 
sides, around the calcaneus, and

the transposed metatarsal line. 
The depth of the heel cup deter 
mines the amount of rearfoot con 
trol. Greater rearfoot control is 
provided by a deeper heel cup. To 
encourage rearfoot motion, make 
a shallower heel cup (Fig 5). 
If available, use a grinder to 
smooth the edges and plantar sur 
face of the orthotic at the rearfoot 
(Fig 6). The orthotic may be cov 
ered with material such as mole-

3.—Locating the neutral position of the subtalar joint.

skin to prevent any rough areas 
from irritating the foot. 

10. If a rearfoot or forefoot defor 
mity is present which requires 
posting, the grinder may be used 
to add an intrinsic post. Addi 
tional Aquaplast, Plastazoate, or 
other materials may be used to 
provide an extrinsic post (Fig 7). 
Posting is a wedge added to the 
medial or lateral aspect of the or 
thotic to provide additional sup 
port to the foot. The goal of post 
ing is to bring the ground up to 
the foot. For example, if the ath 
lete possesses a forefoot varus, 
additional material may be added 
to the medial aspect of the or 
thotic under the forefoot. 

The device may also be modified 
for other structural deformities. If a 
plantarflexed first or fifth ray is pre 
sent, the orthotic may be modified by 
cutting out the first or fifth ray area 
(Fig 8).

Additional Considerations
It is important to periodically ex 

amine the temporary orthotic for 
breakdown and to question the ath 
lete regarding symptom reoccur 
rence. Depending on variables, such 
as activity, body weight, usage, and 
thickness of the material, the tempo 
rary device may last from 3 months 
to 1 year.

Prior to fabricating or prescribing 
an orthosis, a thorough biomechani- 
cal evaluation must be conducted. 
Though not in the scope of this pa 
per, foot and ankle biomechanical 
evaluations are provided in the liter 
ature. 8' 15 The findings of this exam 
will dictate not only whether an or 
thosis is indicated but also will pro 
vide information to determine the 
type of orthotic device and necessary 
modifications.

Due to a concern of orthotic 
abuse, orthotics must be used in con 
junction with, not in place of, a reha 
bilitation program. Encourage the 
athlete to perform rehabilitation ex 
ercises with the orthotic in the shoe. 
Exercises, such as calf stretching, 
should be performed with the or 
thotic in place. Not only does it po 
sition the foot near STJ neutral posi-
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Fig 4.—Grasping the calcaneus helps maintain STJ neutral while smoothing the 
aquaplast against the foot. Be careful not to form indentations along the plantar 
aspect while constructing the device.

tion, the optimal position for healing, 
but it discourages the STJ from hy- 
perpronating in order to achieve 
greater dorsiflexion.

Decisions regarding "if" and 
"when" to implement an orthosis 
vary from clinician to clinician. I pre 
fer to minimize the variables when 
possible. For example, an athlete 
presents with patellofemoral pain. 
Examination reveals tight ham

strings, gastrocnemius, and hip flex 
ors. As a result, the athlete is in 
structed in flexibility exercises and 
provided temporary orthotics on the 
initial visit. After 1 week, the athlete 
reports that the symptoms have de 
creased. The exercises, the orthot 
ics, or both can be responsible for the 
reduced pain. Minimizing the vari 
ables by initially instructing the ath 
lete on a flexibility program and mon-

Fig 5.—Remove the device and cut along the edges, including the transposed line 
locating the metatarsal heads.

itoring the symptoms will provide the 
clinician with the necessary informa 
tion to determine future orthotic im 
plementation.

Conversely, other conditions may 
benefit from immediate orthotic in 
tervention. Temporary thermoplastic 
orthotics were found to decrease the 
amount of talar tilt associated with 
acute inversion ankle sprains16 and, 
as previously mentioned, reduced 
subjective reports of pain with walk 
ing and jogging. 11 Turf toe, metatar- 
salgia, plantar fasciitis, posterior tib- 
ialis tendinitis, and achilles tendinitis 
may also benefit from a temporary 
orthotic to allow early participation 
or to encourage early weight-bearing 
tolerance.

Shoe Construction
Inspection of the athlete's shoes, 

including type and wear pattern is an 
important component when evaluat 
ing an injury to the low back or lower 
extremities. Excessive wear on the 
outsole or bottom of the shoe would 
not only reveal the athlete's wear 
pattern but may also cause excessive 
pronation or supination during the 
stance phase. When purchasing a 
running shoe, the construction of the 
shoe is an important, yet often ne 
glected, consideration. Certain foot 
types require specific shoe construc 
tion.

The shape or "last" refers to the 
mold of the shoe. By inspecting the 
outsole, the clinician may determine 
if the shoe possesses a straight last, a 
semicurved last, or curved last. As 
the name implies, a straight last re 
fers to a last which is relatively 
straight. This shoe will provide more 
stability and medial support to the 
foot. A curved last is constructed in a 
curved shape, and is ideal for a rigid, 
supinated foot because it promotes 
forefoot motion. A semicurved last, 
which would be a compromise of the 
previous two mold types, is con 
structed for the normal foot which 
does not excessively pronate or supi- 
nate.

In addition to the shoe mold, the 
construction of the inside of the shoe 
is also important to inspect. By lifting 
up the insole, the clinician can deter-
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Fig 6.—Use a grinder to smooth the edges and provide intrinsic posting.

mine if the shoe is constructed to 
provide stability or encourage mobil 
ity. A "slip last," identified by stitch 
ing which runs from the rearfoot to 
the forefoot, provides flexibility and 
cushioning. A "board last" consists 
of a stiff fiber board which would pro 
vide increased stability to the foot. A 
"combination last," which combines 
rearfoot stability and forefoot flexi 
bility, is a combination of a board in 
the rearfoot and stitching in the fore 
foot area.

If the athlete possesses a pes pla- 
nus foot or is a hyperpronator, he/she 
would benefit from a shoe which pro 
vides stability to the forefoot and 
rearfoot (ie, straight last mold and 
board lasted). An athlete with a ca- 
vus foot or a supinator would better 
tolerate a shoe which provides more 
shock absorption (ie, a curve lasted 
shoe with slip lasting). An individual 
with a neutral foot will tolerate a 
semicurve lasted mold and combina 
tion lasting.

Fig 8.—Other modifications, such as a first ray cut out, may be conducted to 
provide improved weight-bearing tolerance.

Fig 7.—Additional pieces of aqua- 
plast, plastizote, or other materials 
may be used for extrinsic posting of 
the orthotic.

A temporary orthotic may be used 
in conjunction with a treatment and 
rehabilitation program to treat a va 
riety of lower extremity pathologies 
ranging from the foot to the low 
back. By altering compensatory mo 
tions in the foot, injury management 
is enhanced by reducing abnormal 
stresses which are delaying the heal 
ing process. Understanding the dele 
terious effects of abnormal foot func 
tion on the musculoskeletal system is 
the first step in providing comprehen 
sive care to the injured athlete.
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Contrast Therapy and 
Intramuscular Temperature in 
the Human Leg

J. William Myrer, PhD 
David O. Draper, EdD, ATC 
Earlene Durrant, EdD, ATC

Abstract: Contrast therapy, although 
having a long history of use in sports med 
icine and physical therapy, remains insuf 
ficiently researched. We investigated the 
thermal effects of contrast therapy on in 
tramuscular temperature. We randomly 
assigned 28 college students to either a 
control or a contrast group, eight women 
and six men per group. We shaved and 
cleansed a 4- X 4-cm area of skin over the 
right medial calf and inserted a micro- 
probe to a depth of 1 cm below the skin 
and subcutaneous fat in the center of the 
gastrocnemius. Each control subject im 
mersed the treatment leg in a hot whirlpool 
(40.6°C) for 20 minutes. Each contrast 
subject first immersed the treatment leg in 
a hot whirlpool (40.6°C) for 4 minutes then 
into a cold whirlpool (15.6°C) for 1 
minute. Contrast subjects repeated this se 
quence three additional times. We re 
corded intramuscular temperatures every 
30 seconds over the entire treatment time 
for both groups. The control group had a 
temperature increase of 2.83 ± 1.14°C 
over the 20-minute treatment. The contrast 
group temperature increased 0.39 ± 
0.46°C from baseline to the end of the 
treatment. The largest temperature change 
from the end of one contrast immersion to 
the end of the next was only 0.15 ±

J. William Myrer is an associate professor of 
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0.10°C. None of the differences be 
tween the end of one immersion to the 
end of the next were significant. Con 
versely, all differences between the 
same time periods in the control group 
had significant temperature increases. 
Apparently contrast therapy, as stud 
ied, is incapable of producing any sig 
nificant physiological effect on the in 
tramuscular tissue temperature 1 cm 
below the skin and subcutaneous tis 
sue. We recommend that further re 
search be done to examine the effects of 
longer periods in both the hot and cold 
environments on the intramuscular 
temperature of the human leg. Further 
investigation of intra-articular or peri- 
articular temperature change pro 
duced by contrast therapy should also 
be undertaken.

Practice has preceded principle in 
many of the treatment protocols of 
therapeutic modalities. A lack of 

scientific understanding surrounds the use 
of contrast therapy during the subacute 
stage of rehabilitation of musculoskeletal 
trauma. Contrast therapy employs repeated 
alternation of thermotherapy and cryother- 
apy. hi sports medicine, it is primarily used 
to treat ankle sprains, although it is often 
used in the treatment of more generic 
strains and contusions of the extremi 
ties.3'26'30 The efficacy of contrast therapy 
is largely empirical. Leading textbooks 
dealing with sports medicine and therapeu 
tic modalities propose the following indi 
cations for, and physiologic effects of, con 
trast therapy:

1. facilitates a mild tissue temperature 
increase3 '29

2. stimulates circulation 13 ' 18 '26'30'31

3. increases circulation in the contralat- 
eral extremity due to the crossover 
phenomenon26'31

4. produces increased blood flow to the 
involved area3 '7 ' 13 '22'29

5. produces hyperemia by alternating 
vasodilatation and vasoconstric- 
tion of the superficial blood ves-
Sels3,7,13,22,26,29,31

6. relieves stiffness and pain22
7. reduces necrotic cells7 '29 and aids 

healing30
8. reduces inflammation29' 30 and pit 

ting edema18 '29

9. decreases stasis and scar tissue24
10. improves range of motion 10' 18'30
11. provides a transition for tissue ac 

commodation between immediate 
cryotherapy and later thermotherapy 
treatment3 '7 '29'31

One protocol has not been established as 
the standard for contrast therapy. Tradi 
tionally, contrast therapy has begun and 
ended with heat.7 Others have suggested 
the opposite, to begin and end with 
cold.7'30 Still others begin with cold and 
end with heat.29 In sports medicine, it gen 
erally has been recommended to start with 
heat and end with cold to minimize the 
possibility of swelling7 ' 13' 18 and to allow 
for pain-free range of motion.7

The ratio of minutes in heat to minutes 
in cold and total treatment time is also 
variable. The most accepted ratio ap 
pears to be 3 or 4 to 1 (heat to cold), with 
a total treatment time of 20 to 30 min-

3,7,13,18,22,26,29,31

perature range of the water baths is 7° to 
20°C for the cold water and 34° to 44°C 
for the hot Water. 3 '7 ' 13 ' 18 '22'26'29-31 Mich- 

lovitz26 wrote in her concluding state 
ment on contrast therapy, "No well- 
controlled studies, however, discussing 
the efficacy of contrast baths are avail 
able in the literature."

We propose that for most of the physi 
ologic effects attributed to contrast therapy 
to occur, substantial fluctuations in tissue 
temperature must be produced with the al 
ternations from the heat to the cold or vice 
versa. We designed this in vivo study to 
measure temperature change in intramus 
cular tissue during contrast therapy.

Methods
Twenty-eight healthy, uninjured stu 

dents volunteered as subjects (16

318 Volume 29 • Number 4 • 1994



women, age = 22.7 ± 2.2 yr, wt = 63.5 
± 6.3 kg, calf skinfold = 21.6 ± 5.9 
mm, calf girth = 36.3 ± 2.7 cm; 12 men, 
age = 23.4 ± 2.2 yr, wt = 74.0 ± 9.3 
kg, calf skinfold = 10.5 ±4.1 mm, calf 
girth = 35.9 ±1.9 cm). Brigham Young 
University's Human Subjects Review 
Committee approved the study before we 
began and each subject signed an in 
formed consent. We also screened sub 
jects for, and found no history of periph 
eral vascular disease or allergy to 
Lidocaine® or cephalexin hydrochloride 
(Keftab®).

We randomly assigned subjects to ei 
ther the contrast or the control group, 
eight women and six men in each group. 
Due to malfunctioning of the micro- 
probes, we excluded two men as subjects 
in the control group in the data analysis.

To minimize the risk of infection, we 
administered one 500-mg dose of cepha 
lexin hydrochloride (Keftab) immedi 
ately before the experiment. Each subject 
took three similar doses at 6-hour inter 
vals following the conclusion of the ex 
periment. 14 To further guard against any 
possibility of infection, we put 10 ml of 
Pharmadine (Sherwood Pharmaceutical 
Company, Mahwah, NJ) in each whirl 
pool each day to disinfect the water

We measured the skinfold of the pos 
terior right lower leg with a Lange Skin- 
fold Caliper (Cambridge Scientific In 
dustries, Ltd, Cambridge, MD). We 
divided this measurement by two to de 
termine the depth of subcutaneous fat 
over each subject's gastrocnemius.

Subjects assumed a prone position on 
a standard examining table. We shaved a 
4- X 4-cm area of skin over the right 
medial calf. Then we cleansed the area 
thoroughly, first with a 10% pofidine- 
iodine (Betadine®) scrub and then with a 
70% isopropyl alcohol swab. Next, we 
administered a 1-cc injection of 1% xy- 
locaine (Lidocaine) subcutaneously to 
anesthetize the area.

Before beginning the study, and after 
each use, we gas-sterilized the hypoder 
mic needle microprobes (Physitemp MT- 
23/3, Physitemp™ Instruments, Inc, 
Clifton, NJ) in an autoclave for 30 min 
utes. We inserted the microprobe from 
the side into the right medial calf. We 
positioned the sensor tip in the center of 
the lower leg to a depth of 1 cm below 
the subcutaneous fat and skin. We mea

sured with a caliper to ensure that the 
probe was inserted at the proper depth 
(Fig 1). We placed a level on the hypo 
dermic needle as the microprobe was in 
serted to keep it parallel to the frontal 
plane. The microprobe was then con 
nected to the digital monitor (Bailey In 
struments BAT-12, Physitemp Instru 
ments, Inc, Clifton, NJ) and, after 2 
minutes, the baseline intramuscular tem 
perature was reached and recorded.

Subjects sat at the end of an examin 
ing table at which two whirlpools were 
placed approximately 30 cm apart. This 
enabled each member of the contrast 
group to move the treatment limb from 
whirlpool to whirlpool quickly and eas 
ily. Each subject, in both the contrast and 
the control groups, immersed his/her 
right leg in the extremity whirlpool(s) to 
a depth of approximately 5 cm above the 
knee joint line. The lower leg remained 
15 to 20 cm away from the airflow. The 
airflow setting (low) remained constant 
throughout all treatments for both the 
contrast and the control groups.

Each member of the control group im 
mersed the treatment leg in a hot whirl 
pool (40.6°C) for 20 minutes. Each 
member of the contrast group first im 
mersed the treatment leg in a hot whirl 
pool (40.6°C) for 4 minutes, then in a 
cold whirlpool (15.6°C) for 1 minute. 
They repeated this sequence three addi

tional times. At the conclusion of each 
treatment, we removed the microprobe, 
dried the limb, swabbed the area with 
70% isopropyl alcohol, and applied a 
bandage over the site.

We recorded intramuscular tempera 
tures every 30 seconds over the entire 
20-minute treatment time for both 
groups. The dry and wet bulb tempera 
tures and relative humidity of the room 
were 25.17 ± 0.27°C, 13.44 ± 1.0°C, 
and 28.0 ± 4.7%, respectively, over the 
duration of the study.

We analyzed the effects of contrast 
therapy on intramuscular temperature by 
calculating the temperature changes 
from baseline to the end of each hot and 
cold immersion period. We analyzed the 
same eight points in time (4, 5, 9, 10, 14, 
15, 19, and 20 minutes) for the control 
group.

We used a multivariate analysis of 
variance (MANOVA) to determine 
whether a significantly different pattern 
in the data existed between the contrast 
group and the control group with respect 
to temperature change from baseline 
over the eight time points analyzed. We 
used post hoc univariate analysis of vari 
ance (ANOVAs) to evaluate individual 
time points for temperature change from 
baseline between the contrast group and 
the control group.

Fig 1.—Measurement of site of microprobe insertion 1 cm below one-half the 
skinfold of the calf.
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We used paired /-tests to analyze tem 
perature changes between time points 
(baseline to 4 minutes, 4 to 5 minutes, 5 
to 9 minutes, etc) for both the contrast 
and the control groups. When signifi 
cance was found in repeated paired t- 
tests, the Bonferroni adjustment to cor 
rect for inflated alpha levels was used.

We employed Pearson's product- 
moment correlation to determine the re 
lationship between intramuscular tem 
perature change and gender, weight, calf 
girth, and calf skinfold in the contrast 
group and the control group.

Results
There was a significant difference 

(F(l,24) = 28.4, p = .0001) in the pattern 
of temperature change from baseline over 
the total treatment period (Fig2) between 
the contrast group and the control group. 
There was, however, no difference at the 
end of the first 4 minutes (F(l,24) = 1.09, 
p = .31). Throughout the remainder of the 
treatment, a significant difference existed 
between the groups.

The control group had a mean temper 
ature increase of 2.83 ± 1.14°C over the 
20-minute treatment. The mean temper 
ature change from baseline to the end of

Table 1.—Temperature Change (°C ± SE) Between Analyzed Time Points Within 

the Contrast and Control Groups

Time Points

Control (n= 12)
4 min-Baseline
5 min-4 min
9 min-5 min
10 min-9 min
14 min-10 min
15 min-14 min
19 min-15 min
20 in in- 19 min
Contrast (n=14)
4 min-Baseline
5 min-4 min
9 min-5 min
10 min-9 min
14 min-10 min
15 min-14 min
19 min-15 min
20 min-19 min

Temperature 
Change (%)

.89 ± .18

.24 ± .03

.68 ± .07

.13 ± .01

.43 ± .06

.12 ± .02

.26 ± .05

.08 ± .02

.62 ± .18
-.14 ± .13

.15 ± .10
-.14 ± .11

.08 ± .09
-.05 ± .06
-.02 ± .05
-.10 ± .07

T

4.91
7.19
9.54
9.38
7.51
5.63
4.76
4.18

3.42
-1.07

1.54
-1.35

.89
-.85
-.42

-1.45

p value

.0005*

.0001*

.0001*

.0001*

.0001*

.0002*

.0006*

.0015*

.005*

.302

.148

.200

.391

.413

.684

.170

* Significant at p < .05 after Bonferroni correction for multiple tests.

the treatment in the contrast group was 
an increase of 0.39 ± 0.46°C (Fig 2).

The largest temperature change from 
the end of one contrast immersion to the

38 n

33
9 10 14

Time (min)
15 19 20

Fig 2.—Mean temperatures at the conclusion of each immersion period of the 
contrast group for both the contrast and control groups (Contrast n = 14; Control 
n = 12). p values for the differences between the contrast group and the control 
group for each assessment time: * p < .0001, * p < .0005, Ap < .005, D p > .30

end of the next immersion was only 0.15 
± 0.10°C. None of the differences be 
tween the end of one immersion to the 
end of the next were significant. Con 
versely, all differences between the same 
time periods in the control group had sig 
nificant temperature increases (Table 1). 

We found no correlation in either the 
control or the contrast group between in 
tramuscular temperature change and gen 
der, weight, or calf girth. We also found no 
relationship between intramuscular tem 
perature change and calf skinfold in the 
contrast group. In the control group, how 
ever, a significant negative correlation or 
inverse relationship was reached (p — .05) 
by the 9th minute. This relationship re 
mained throughout the remainder of the 
20-minute treatment except at the end of 
the 10th minute (Table 2).

Discussion
Contrast therapy, although having a 

long history of use in sports medicine 
and physical therapy, remains insuffi 
ciently researched and understood. We 
discovered only one controlled study 
dealing specifically with its physiologi 
cal effects. That work investigated pe 
ripheral vascular changes experienced 
during therapy in healthy and rheuma-
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Table 2.—Correlations of Muscle 
Temperature Changes From Baseline 
With Skinfold Throughout Treatment 
for Contrast and Control Groups

Contrast

Time

Min 4
Min 5
Min 9
Min 10
Min 14
MinlS
Min 19
Min 20

r
-.35
-.28
-.19
-.02

.03

.08

.08

.25

P
value

.22

.33

.51

.94

.92

.80

.78

.40

Control

r
-.38
-.46
-.57
-.56
-.59
-.58
-.57
-.57

P
value

.22

.13

.05*

.06

.04*

.05*

.05*

.05*

*p significant at the .05 level

toid arthritic patients by recording skin 
temperature change in the thumb.36 We 
could not find any studies regarding the 
effects of contrast therapy on intramus 
cular temperature.

Research investigating the physiological 
reactions to the independent use of super 
ficial heat or cold is more prolific. There is 
a sufficient body of evidence to identify the 
factors that affect intramuscular tempera 
ture change with such treatment. We de 
veloped the following list of primary and 
secondary factors to provide a physiologi 
cal framework for our discussion.

Primary Factors
1. The temperature of the agent applied 

and its variation from the temperature 
of the body surface to which it is ap- 
plied5 ' 8 ' 24 '25 '27 ' 35—the greater the 
temperature gradient, the greater the 
heat transfer.

2. The region and surface area over 
which the agent is applied8'24'25 '27— 
the greater the area over which super 
ficial heat or cold is applied, the 
greater the total heat transfer.

3. The duration for which the agent is 
applied5 ' 8 '24' 25 - 27—the longer superfi 
cial heat or cold is applied, the greater 
the heat transfer.

4. The depth at which the tissue is mea 
sured24'25 '33 ' 35—for equal time expo 
sure to superficial heat or cold, the 
deeper the tissue examined, the less 
temperature change will occur.

Secondary Factors
1. The rate of blood flow to the part and 

the local metabolic rate4 ' 5 ' 9 ' 32 ' 35—

generally, cold will lower intramuscular 
blood flow and local metabolic rates, 
whereas heat will do the opposite. Con 
versely, increased blood flow will in 
crease intramuscular temperature, 
whereas decreased blood flow will 
lower it.

2. Individual variability9' 19— each per 
son reacts somewhat differently.

3. The amount of integument surround 
ing the muscle8 '9' 19'24'25 '35—the integ 
uments act as passive insulators of the 
muscle and the majority of the studies 
identify adipose, either site-specific 
or overall body fat, to be inversely 
proportional to intramuscular temper 
ature change brought about by the ap 
plication of superficial heat or cold.

4. The sympathetic vasomotor integri 
ty34 ' 35—when overlying skin is 
cooled, sympathetic nerve fibers can 
cause vasoconstriction which reduces 
blood flow to the muscles. 
Our control group's mean temperature 

increase of 2.83 ± 1.14°C over the 20- 
minute treatment in 40.6°C water coin 
cides with previous studies. One study in 
vestigated the effects of various water bath 
temperatures (13° to 45°C) on deep muscle 
temperature and blood flow in the human 
forearm.5 Barcroft and Edholm5 noted that 
as the temperature gradient between the 
baseline intramuscular temperature being 
assessed (brachioradialis muscle at 2.5 cm 
below the skin) and the water bath in 
creased, the intramuscular temperature in 
creased as well. They also reported in 
creases in intramuscular temperature of 
approximately 2.75 and 3.0°C for 20- 
minute immersions in 40° and 42.5°C wa 
ter baths, respectively.5 The authors of a 
similar study using 45°C water reported 
mean temperature increases, after a 20- 
minute treatment, of 1.4°C from a control 
level of 36.1°C.2 The average depth of the 
thermocouple in the brachioradialis muscle 
was 3.4 cm below the skin.2 The increased 
depth accounts for the reduced temperature 
change. Lehmann et al23 examined the 
changes in temperature produced in the hu 
man thigh with the application of hot 
packs. At a depth of 1 cm below the skin, 
intramuscular temperature increased ap 
proximately 1.5°C over 8 minutes and 
3.0°C over 20 minutes.

While the intramuscular temperature in 
crease experienced in our study and the 
others cited is considered to be a moderate

heating effect, 11 it is worthy to note that in 
none of the studies did the temperature 
reach 40°C (in ours it reached 37.11 ± 
0.55°C). Lehmann24 suggests that temper 
atures must reach 40°C to produce signif 
icant physiologic responses. He contends 
that below this, only a placebo effect can 
be attained. The duration of tissue temper 
ature change is also important. The mini 
mal effective duration is 3 to 5 minutes and 
for more complete reactions, exposures of 
approximately 30 minutes are required.24 
Clearly, neither of Lehmann 's criteria for 
attaining an effective physiological re 
sponse to heat was met during our 20- 
minute control treatment. Further explora 
tion of the validity of Lehmann' s criteria 
seems warranted.

The critical question with regard to the 
efficacy of contrast therapy in the treatment 
of muscular tissue is: "Does the protocol 
used produce temperature changes neces 
sary to cause the physiological responses 
stated in the introduction to occur?" Al 
though there seems to be agreement on the 
factors influencing intramuscular tempera 
ture change produced by the application of 
superficial heat or cold, the literature 
shows conflicting reports on the time re 
quired to produce change. The authors2'5 
of two studies on heat reported almost im 
mediate increases in intramuscular temper 
ature. Lehmann et al23 reported virtually 
no increase in tissue temperature below 1 
cm until after 10 minutes of treatment. Our 
control group had a 0.89 ± 0.1 8°C in 
crease at 1 cm into the muscular tissue af 
ter 4 minutes of treatment.

Some researchers25 '35 of cold have re 
ported rapid effects. They observed intra 
muscular temperature change of the bi 
ceps brachii. One reported an almost 
immediate reduction at 2 cm depth upon 
the application of ice massage for 5,10, 
and 15 minutes. The decline was greatest 
during the first 2 minutes, followed by a 
less steep decline until the fifth minute, 
and an even slower decrease in temper 
ature from 5 to 15 minutes.25 The second 
noted, "The mean deep temperature 
showed a steady decline, particularly af 
ter the first minute of cooling and the rate 
at which the muscle cooled appeared to 
increase rapidly after the first 90 seconds 
of skin cooling." 35 Some investiga 
tors6'28 reported decreases in intramuscu 
lar temperatures within the first 2 min 
utes of the application of superficial cold.
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Even more researchers8' 17 '22 '27 '33 have 

reported little or no change before 7 to 10 
minutes of application. Finally, others9 ' 12 
observed a minimal initial increase in in 
tramuscular temperature which was fol 
lowed by a substantially greater and 
longer decrease in temperature.

There are significant relationships be 
tween intramuscular temperature and other 
physiological responses. There is an al 
most linear relationship between changes 
in nerve conduction velocity and the asso 
ciated changes in each of the three tissue 
temperatures, ie, skin, muscle, and subcu 
taneous tissue. 1 ' 16 The response of intra 
muscular blood flow patterned that of tem 
perature. 32 That is, intramuscular blood 
flow did not immediately reduce upon the 
application of cold, but did so only after 
the intramuscular temperature was re 
duced. Thereafter, it continued to decrease 
slightly even after the cold source was re 
moved. The length and intensity of the re 
sponse was dependent on the factors men 
tioned at the beginning of our discussion.

Numerous researchers8'9' 19'24'25'35 have 

written of the relative insulating value of 
fat. Measurement of site-specific adi 
pose24'25 and total percent body fat19 have 
indicated a significant inverse relationship 
between percent fat and temperature 
change. Our contrast group's temperature 
changes were statistically and clinically in 
significant. Thus, as would be expected, 
there was no relationship between our 
skinfold measurements and temperature 
change. By the ninth minute of treatment 
in our control group, however, a significant 
inverse relation was reached (p = .05) 
and, with the exception of the 10th minute, 
remained for the rest of the treatment pe 
riod (Table 2). We therefore concur with 
the majority of previous investigators who 
recommend that percent body fat be con 
sidered when determining treatment time. 
The greater the percent body fat, the longer 
should be the treatment.

Our results indicate that contrast therapy 
as studied is incapable of producing any 
significant physiological effect on the in 
tramuscular tissue temperature 1 cm below 
the skin and subcutaneous tissue. Neither 
the contrast group's temperature increase 
from baseline to the end of treatment nor, 
more importantly, the temperature changes 
from the end of one immersion to the end 
of the next produced significant tempera 
ture changes statistically or clinically.

Based on the results of the studies 
cited, it is also highly unlikely that any 
other physiological effects were pro 
duced intramuscularly. We therefore rec 
ommend that further work is needed to 
see if more time, in both the hot and the 
cold environments, would cause any of 
the proposed physiological effects of 
contrast therapy to occur at the intramus 
cular level. We also suggest that, if the 
intent of the contrast therapy is to in 
crease local circulation following cryo- 
therapy, exercise is a more efficient way 
to accomplish this objective. 15 '20'21 If ac 
commodation of the intramuscular tissue 
from acute cryotherapy treatment to 
postacute thermotherapy is desired, our 
results indicate that perhaps a daily grad 
uated increase in the temperature of a 
regular 20-minute hydrotherapy treat 
ment would be more effective. If the fo 
cal point of the treatment is articular, as 
in an ankle sprain, investigation into 
intra-articular and periarticular tempera 
ture change due to contrast therapy is 
important. Further research to examine 
other contrast therapy protocols and an 
atomical sites is underway.
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Temperature Changes During 
Therapeutic Ultrasound in the 
Precooled Human 
Gastrocnemius Muscle
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Gilbert Fellingham, PhD

sity because of the decreased tissue tem 
perature.

Therapeutic modalities are of maxi 
mum benefit when used correctly and not 
operated on the basis of hypothesis or 
hearsay. The apparent absence in the lit 
erature of studies pertaining to the com 
mon clinical practice of precooling be 
fore ultrasound necessitates further 
investigation. Also, the application of 
cold before ultrasound is an ethical con 
cern if the procedure is neither beneficial 
nor necessary to the patient. For these 
reasons, we conducted the following 
study to investigate the effects of an ul 
trasound treatment on tissue temperature 
rise in the precooled and uncooled gas- 
trocnemius muscle.

Abstract: Therapeutic ultrasound is 
frequently employed as a deep heating 
rehabilitation modality. It is adminis 
tered in one of three ways: a) ultrasound 
with no preceding treatment, b) ultra 
sound on preheated tissues, or c) ultra 
sound on precooled tissues. The purpose 
of this study was to investigate the effect 
of ultrasound treatments on the tissue 
temperature rise of precooled human 
gastrocnemius muscle. Sixteen male sub 
jects had a 23-gauge hypodermic needle 
microprobe inserted 3 cm deep into the 
medial aspect of their anesthetized gas 
trocnemius muscles. Data were gathered 
on each subject for one of two randomly 
assigned treatments: a) ultrasound treat 
ment on precooled tissue, or b) ultra 
sound with no preceding treatment. Each 
treatment consisted of ultrasound deliv 
ered topically at 1.5 watts/cm2 in a con 
tinuous mode for 10 minutes. Ultrasound 
was applied in an overlapping longitudi 
nal motion at 4 cm/s, with temperature 
readings recorded at 30-second inter-
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Trainer at Clovis High School at 1055 Fowler
Avenue, Clovis, CA 93611-2099.
David O. Draper is an associate professor and
Coordinator of Athletic Training at Brigham
Young University in Provo, UT.
Earlene Durrant is Department Chair and
Professor of Physical Education at Brigham
Young University in Provo.
Gilbert Fellingham is an assistant professor
of statistics at Brigham Young University in
Provo.

vals. We discovered a difference between 
the two treatment methods [t(14) = 
16.26, p < .0001]. Ultrasound alone in 
creased tissue temperature an average of 
2°C, whereas ultrasound preceded by 15 
minutes of ice did not increase tissue 
temperature even to the original baseline 
level. We concluded that, at a depth of 3 
cm, ultrasound alone provided a greater 
heating effect than ultrasound preceded 
by an ice treatment.

U ltrasound is one of the most 
widely used deep-heating mo 
dalities. Therapeutically, ultra 

sound as a heating agent is applied in one 
of three ways: 1) with no preceding ther 
apy to the treatment area, 2) heating of 
the treatment area before ultrasound, or 
3) cooling of the treatment area before 
ultrasound. Numerous authors 1 " 6 ' 8 ' 12 
have documented the effects of ultra 
sound applied exclusively. Lehmann et 
al9 reported that preheating tissue pro 
vided no advantage or disadvantage to 
ultrasound. We found no studies in the 
literature pertaining to the effects of ul 
trasound on precooled tissues.

The clinical practice of precooling tis 
sues before an ultrasound treatment is 
founded on the premise that ultrasound is 
most effectively transmitted through 
dense materials.4 '6'7 ' 10" 12 The denser the 
medium, the greater the wave propaga 
tion. Thus, the application of cold to a 
treatment area before an ultrasound ap 
plication should increase the tissue den-

Methods
This study was designed as a 1 X 2 

factorial with tissue temperature as the 
dependent variable. Sixteen male stu 
dents (24 ± 1.6 yr) volunteered to par 
ticipate. The left gastrocnemius muscle 
of each subject had been free from ec- 
chymosis, infection, swelling, or injury 
for the previous 6 months. Each partici 
pant gave informed consent after view 
ing a videotape demonstrating the inves 
tigation procedures. Approval for the 
study was granted by the Brigham 
Young University Human Subjects Insti 
tutional Review Board.

An antibiotic therapy program to re 
duce the risk of infection, using cepha- 
lexin hydrochloride (Keftab), was ad 
ministered to each subject on the day of 
participation. One 500-mg dose of 
Keftab was taken before the experiment. 
After the experiment, three more doses 
were taken, one each at 6-hour intervals.

We used the Sonicator 710 (Mettler 
Electronics, Anaheim, CA) ultrasound 
unit. The generator operated at a fre 
quency of 1.0 MHz ± 5%. The trans 
ducer head was 7 cm in diameter and 
contained a barium titanate crystal. The 
ultrasound unit was recently calibrated. 
Our coupling medium was Aquasonic 
100 Ultrasound Transmission Gel, 
(Parker Laboratories, Orange, NJ) at 
room temperature (25°C). Ice bags (1 L 
of ice in 8" X 12" plastic bags) were the 
cooling agent.

We gas-sterilized the thermistor 
(Phystemp Instruments, Clifton, NJ) be-
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fore the study, and after each use, in an 
autoclave for 30 minutes. We followed 
the methods developed and reported pre 
viously.'~3 The treatment assigned to 
each subject was determined randomly. 
A 10-cm-diameter treatment area on the 
left medial gastrocnemius muscle was 
shaved, cleansed thoroughly with a Be- 
tadine® scrub, and then swabbed with 
70% isopropyl alcohol. A physician gave 
an injection of 1 cc of 1% lidocaine (Xy- 
locaine) subcutaneously to anesthetize 
the area, and then inserted the thermistor 
into the center of the left medial gastroc 
nemius muscle belly, so that it was 3 cm 
beneath the area of application. The ther 
mistor was then connected to a Bailey 
monitor (Physitemp Instruments, 
Clifton, NJ). After approximately 3 min 
utes, the temperature stabilized; we then 
recorded a baseline reading. We applied 
ultrasound to the posterior of the gastroc 
nemius muscle, perpendicular to the tip 
of the needle (Fig 1).

For all treatments, the subjects were 
lying prone. For the precooled tissue 
treatment, we placed an ice pack on the 
treatment area for 15 minutes and re 
corded the temperature every 30 sec 
onds. Immediately after the 15-minute 
ice application, we applied 25°C ultra 
sound gel to the treatment area. We then 
delivered ultrasound in a continuous 
mode for 10 minutes, at an intensity of 
1.5 watts/cm2 . The sound head was 
moved in a longitudinal overlapping 
manner at the speed of approximately 4 
cm/s. The strokes were two to three 
times longer than the size of the sound- 
head and were applied in a 10-cm- 
diameter area. We recorded the temper 
ature every 30 seconds.
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Fig 2.—Changes in tissue temperature during the ultrasound application to control 
and precooled human gastrocnemius muscles. The solid line indicates 15 minutes of 
ice application followed by 10 minutes of ultrasound application. The hatched line 
indicates 10 minutes of ultrasound application.

Fig 1.—Pictorial description of the in 
vestigation.

The control followed the same param 
eters as the precooled tissue treatment 
with respect to ultrasound intensity, 
time, speed, and stroke movement of the 
soundhead, and the recording of temper 
atures. The only difference was the im 
mediate, exclusive application of ultra 
sound after the baseline reading.

We removed the thermister at the 
completion of each treatment and 
cleansed the area with 70% isopropyl al 
cohol and a Betadine scrub. We then ap 
plied a bandage to the injection site and 
excused the subject.

We analyzed differences in maximal 
tissue temperature rise between the two 
ultrasound treatment methods (ultra 
sound preceded by ice and ultrasound 
alone) with an independent f-test. Alpha 
was set at the .01 level.

Results
The mean baseline temperature for 

each treatment was 35.8° ± 0.7°C. It in 
creased as a result of the ultrasound treat 
ment (37.8° ± 1.0°C) and decreased dur 
ing the combined ice pack and 
ultrasound treatment (31.0° ± .8°C; 
t(14) = 16.26, p < .0001).

Discussion
If the purpose of the ultrasound treat 

ment is to increase the tissue temperature 
at a depth of 3 cm, precooling the tissue 
for 15 minutes before ultrasound is an 
exercise in futility. In the clinical setting, 
ultrasound treatments are administered 
for 5 to 7 minutes, whereas in our study, 
the ultrasound was applied for 10 min 
utes and still the precooled tissues only 
rose an average of 0.6°C above the ter 
minal ice temperature reading (Fig 2). 
The clinical supposition that precool 
ing of tissues before an ultrasound 
treatment increases the peak tempera 
ture of those tissues is not true. The 
failure of the ultrasound to raise the 
tissue temperature of the precooled 
area, even back to the pretreatment 
baseline, is a result of the dominating 
effects of the ice.

We observed an interesting phenome 
non in which the muscle temperature of 
the subjects receiving the ultrasound on 
the precooled tissue continued to de 
crease, on the average, during the first 2 
minutes of the ensuing ultrasound treat 
ment. These results suggest that the deep 
heating effects of ultrasound were not

326 Volume 29 • Number 4 • 1994



strong enough to counteract the effects of
ice.

A future investigation could replicate 
our study, but could precool the tissues 
for a shorter period of time (eg, 3 to 5 
minutes), thereby cooling only the super 
ficial tissues. This might make the super 
ficial tissue more dense, while not dras 
tically cooling the deeper tissues. The 
ultrasound might then be able to affect 
the deeper tissues without having to con 
tend with the persistent effects of the ice. 
It is thus possible that the increased den 
sity of the superficial tissues might allow 
the ultrasound to respond as was previ 
ously theorized.

Using an ice pack before ultrasound 
treatment is commonplace in many set 
tings. Some clinicians charge up to $20

for a 15-minute ice pack application. Be 
cause there is no scientific evidence to 
date that ultrasound is effective when ad 
ministered after an ice treatment, we sug 
gest that this practice be re-evaluated. 
Future studies aimed at cooling only su 
perficial tissues before ultrasound treat 
ment are needed.
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Leadership and Management: 
Techniques and Principles for 
Athletic Training

Stephen M. Nellis, MEd, ATC

Abstract: Leadership and manage 
ment have become topics of recent 
interest in athletic training. These 
skills are distinct from each other 
and are vital to a successful and ef 
ficient athletic training room. Lead 
ership is an influence relationship, 
while management is an authority re 
lationship. Leadership is concerned 
with knowing yourself, your staff, 
your profession, and how to apply 
people skills. Management is con 
cerned with organization, communi 
cation, and the development of your 
athletic training facility's mission. 
By applying good management and 
leadership skills, you can implement 
your mission statement, evaluate 
your results, and improve the perfor 
mance of your athletic training facil 
ity.

Recently, a growing interest in 
the topics of Leadership and 
Management as they pertain 

to the profession of Athletic Training 
has developed. Having experienced 
and studied each skill, in both a mil 
itary setting and an educational set 
ting for 15 years, I feel I may be able 
to share some basic observations and 
lessons learned with those who may 
not have had the opportunity to gain 
insight into these topics.

We, in the world of athletic train 
ing, realize the work is hard. Re 
wards must often come from intrinsic 
satisfaction, and change has been 
fairly continuous and rapid. All of

Stephen M. Nellis is an athletic trainer at 
the University of San Diego in San Diego, 
CA.

these factors combine to create an 
environment where good leadership 
and management skills are vital to 
maintain esprit de corps, teamwork, 
and efficiency in the modern athletic 
training room. Before you can delve 
into the intricacies of these two 
skills, you must gain a basic under 
standing of their definitions. Many 
people will consider leadership and 
management the same thing. I and 
others who have studied and prac 
ticed them realize that they are not. 
Some courses of study will lead you 
to believe that management is bad 
leadership. This also is not true. Both 
are separate skills, either of which 
can be conducted poorly or with ex 
cellence. With these concepts in 
mind, I will present definitions for 
each.

Leadership
"Leadership is one of the most ob 

served and least understood phe 
nomena on earth."2 In an in-depth 
study of the definition of the word 
"leadership," Rost discovered no 
less than 200 separate definitions. 
For this writing, I will use the defini 
tion developed by Rost: '''Leadership 
is an influence relationship among 
leaders and followers who intend real 
changes that reflect their mutual pur 
poses."' 10 Not all will agree with this 
definition (after all, there are already 
at least 200 others with a different 
idea), but it will provide a starting 
point for this article.

To lend credibility and congruence 
to this study, a definition of manage 
ment must also be provided. Rost 
was also kind enough to develop one 
of these, and it will fit nicely with this

topic. "Management is an authority 
relationship between at least one 
manager and one subordinate who 
coordinate their activities to produce 
and sell particular goods and or serv 
ices." 10 Again not everyone will 
agree with this definition. In fact, 
there are volumes written by some 
who do not. Further reflection on this 
point is another topic. This definition 
will provide a starting point.

The main points to be taken from 
this writing so far are that leadership 
and management are not the same 
skill. Leadership is an influence rela 
tionship, and management is an au 
thority relationship. Leadership is 
concerned with real change, and 
management is concerned with goods 
and services. Both skills are mutually 
exclusive but are often practiced si 
multaneously. An athletic trainer 
who is knowledgeable and proficient 
in both will maintain a highly moti 
vated and efficient athletic training 
room.

Assuming that your athletic train 
ing room is committing to a new par 
adigm, to continued progress, or to a 
change of any type, leadership will 
be required to ensure success. The 
application of leadership in a practi 
cal versus a theoretical manner re 
quires the application of a few basic 
techniques and principles.

Know Yourself
The best place to begin leadership 

is with yourself. 5 A leader must have 
a realistic, pragmatic understanding 
of his or her best-developed skills, 
underdeveloped skills, physical abil 
ities, personal biases, and particular 
irritants which may cloud any judg 
ments or affect any actions he or she 
may take. A good understanding of 
yourself will allow you to know when 
you must give extra consideration to 
a decision and how you will react un 
der stress. It will allow self-confi 
dence in those skill domains in which 
you are proficient. This knowledge is 
not easy to obtain, but through eval 
uation from others and by constant 
introspection, you can learn to know 
yourself.
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Lead by Example
Once you are secure with yourself, 

you may begin to lead others. An ex 
cellent way to begin is by example. 
Example often becomes contagious. 
If you desire commitment, you must 
display commitment. There are a 
number of ways to set an example. 
What type of presence do you proj 
ect? Are you professional in your 
dress, demeanor, and display of ath 
letic training skills? Do you maintain 
your judgment and bearing during 
times of stress? Actions I consider to 
be of greatest importance include ex 
emplifying initiative, enthusiasm, de 
pendability, and moral courage. 
Moral courage is extremely impor 
tant. All athletic trainers must estab 
lish a set of values for their athletic 
training domain which they will not 
allow to be violated. There will be 
times when you will be asked to 
make compromises when it is not ap 
propriate. Compromise may be insti 
gated by a parent, athlete, coach, or 
even fellow athletic trainer, and it is 
often very difficult not to give in. It is 
at these times that a leader rises 
above the circumstances, does the 
right thing, and exemplifies moral 
courage.

There are some methods of "ex 
ample" which will quickly under 
mine all good efforts you may at 
tempt. Many of these examples 
originate from the "I've done my 
time" attitude. Seniority definitely 
should carry some privilege, but this 
must be used with judgment. For ex 
ample, a Head Athletic Trainer 
should not be the person sweeping 
floors and wiping tables. Obviously 
his or her valuable time could be 
used more efficiently. But when it 
comes to sharing long hours and cov 
ering inconvenient practice times, 
leadership from the front will reap 
many future rewards.

Know Your Profession
Another dictum of leadership is: 

know your profession. 6 If you wish 
to develop competence in your staff, 
you must maintain it in yourself. 
Anyone who has worked in this pro 
fession for even a modicum of time 
should be able to testify that you will

not deceive coaches, student athletic 
trainers, or athletes for very long. 
You cannot allow yourself to stag 
nate. You must participate in and 
promote continuous education. 
Many times the old way may work, 
but it will not provide the athlete with 
the best care, the coach with the best 
service, or the athletic training room 
with its peak operating efficiency.

Know Your People
A third principle of leadership is: 

know your people.6 In athletic train 
ing, "people" embodies staff, ath 
letes, coaches, and anyone who con 
ducts business with the athletic 
training facility. All individuals main 
tain certain personality quirks. To 
develop teamwork and efficiency, ev 
eryone in the team must have a basic 
understanding of how the other team 
members will react to different cir 
cumstances. 12 It is especially impor 
tant to understand the personalities 
of the athletes in your care. Quality 
performance in rehabilitation is cru 
cial in determining the final outcome 
of recovery. Some athletes require 
very little external motivation and as 
sistance, while others may require 
substantial assistance in many areas. 
An understanding of each athlete's 
particular needs is integral to the suc 
cess of his/her recovery.

Knowledge of your staff is also im 
portant. Knowing what motivates 
each individual, who needs close su 
pervision, who has initiative and 
judgment, and whose personality 
works well in conjunction with an 
other personality will allow a better 
deployment of your staff resources 
for higher quality service. 12 An area 
of understanding that is especially 
important to leading your staff is 
knowing how they react to pressure. 
As a wise friend (KR Kelly, Major, 
USMC) once wrote to me while he 
was sitting in an especially unfriendly 
part of the world in January 1990, 
"Stress does funny things to peo 
ple." The complexity of this simple 
statement cannot be overlooked. 
Athletic training does provide some 
very stressful situations. The only 
way to know how people will react to 
stress is by exposure to real stress or

to a very real simulation. Creating a 
real cervical fracture, cardiac dis 
tress, or unconscious athlete has un 
acceptable ethical and legal draw 
backs. A leader must strive for 
realism in drills, create stress by con 
trolled means, and note and critique 
individual responses when real situa 
tions do occur. This will benefit all 
staff members by increasing confi 
dence in themselves and in other 
members of the team. Getting to 
know and understand others requires 
adaptability and effort, but the end 
results are worth it.

Loyalty Encouragement Reprimand
Besides knowing your people, 

there are three other people skills 
which are vital to successful leader 
ship or management. These skills are 
enacting loyalty, encouragement, 
and reprimand.

All organizations require loyalty if 
they are going to be successful. The 
key notion to remember is that loy 
alty is a two-way street. 5 '6 Staff mem 
bers are expected to work hard and 
promote a positive portrayal of the 
organization. At the same time, the 
organization should provide positive 
opportunities for each staff member. 
Examples of positive opportunities 
include allowing time for educational 
and professional development, en 
suring exposure to all facets of ath 
letic training, and providing adequate 
pay for the level of work, experience, 
and education.

The dictum "Praise in public and 
reprimand in private"6 will encom 
pass the concepts contained in the 
next two principles. It is very easy to 
become myopic and see only the bad 
results. It is more of a tendency of 
human nature to correct than to con 
gratulate. A constant awareness of 
this will develop the habit of provid 
ing rewards, awards, and gratitude. 
There are times, after many hours in 
an athletic training room, that a 
bright spot is hard to find. At these 
times, the voicing of a simple "thank 
you" may go a long way. As a leader 
you should ensure that rewards are 
seen and keep a log of good perfor 
mances. This will remind you and 
others that good things do happen
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and that they are appreciated. Some 
people may show embarrassment 
when rewarded in public, but most 
are proud of the recognition. If staff 
members earn prestigious awards, 
ensure that they receive some public 
recognition. This is good, not only 
for them, but also for your program. 

As we all know, there are times 
when a reprimand is required. The 
key is that it must be conducted 
properly to produce the most posi 
tive result. First, the reprimand 
should occur as soon after the infrac 
tion as possible. This reduces friction 
created by the situation and de 
creases the chance of further miscon 
duct. Second, conduct the reprimand 
in private. Public belittlement rarely 
achieves any type of positive result. 
Third, be sure to get all sides of the 
story and as many facts as possible. 
It is all too easy to incriminate some 
one through rumor and innuendo. 
The absolute truth is often elusive, 
but getting as many facts as possible 
will limit most unwarranted repri 
mands. If a reprimand is indeed war 
ranted, be honest, direct, and pro 
vide the correct action that should 
have been performed. Do not fall into 
the trap of bluffing or making idle

Table 1.—Mission Statement Examples

threats of punishment. Often your 
bluff will be called. If you cannot en 
force your stated punishment, your 
credibility will be damaged. Docu 
ment all infractions thoroughly. If the 
infraction is serious in nature, have 
the individual being reprimanded 
sign a form detailing the infraction 
and the fact that he or she was coun 
seled. You may wish to sign the form 
also. Employing these simple steps 
will create a situation where all par 
ties are aware of what the other is 
communicating. If the unfortunate 
circumstance arises where a suspen 
sion or termination is required, it can 
be administered without confusion or 
guilt.

Application of these leadership 
concepts will allow the execution of a 
more efficient management process 
and garner more support from those 
whom it affects.

Management
I will now present management 

tools and principles which have 
proven successful in the past. Appli 
cation of these and the leadership 
concepts above will provide a solid 
base for organizational success.

1. Lockheed:
"Our mission is to meet the needs of our United States and foreign 

customers with high-quality products and services and, in so doing, 
produce superior returns for our shareholders and foster growth and 
achievement for our employees. '**

2. Bread Loaf Construction Company:
"We are Bread Loaf, a family of building professionals dedicated to 

and empowered by the strength of our people.
We seek challenges to create innovative solutions which make 

statements demonstrating our commitment to excellence.
As we grow into the 21st century, we shall continually focus upon 

employee wellness, community responsibility and a sensitive balance 
between personal and professional fulfillment.'**

3. Generic Athletic Training Department:
The Athletic Training Department, under the supervision of the 

Team Physician, will provide support for all athletes through the 
prevention, recognition, treatment, and rehabilitation of all athletic 
injuries. The department will assist in the education of the athlete by 
providing and coordinating educational and counseling programs 
which reflect the holistic approach to education established by the 
university.3

Communication is very important 
when increased efficiency and sound 
management practices are desired. 
Communication must occur horizon 
tally as well as vertically. Key indi 
viduals will include the athletic direc 
tor, doctors, coaches, staff, athletes, 
parents, and possibly a principal or 
the Dean of Students.

Mission Statement
The first step in developing a com 

munication network is to create a vi 
sion of what your athletic training 
room is to stand for, whom it will 
serve, and what will constitute its 
mission. This is accomplished by is 
suing a Mission Statement. A Mis 
sion Statement may range from a 
short paragraph to a single page. It is 
a statement which outlines the phi 
losophy of the institution and its 
goals. 4 ' 7 It is developed with a long- 
range perspective but is not an edict 
written in stone. For an organization 
to ensure it is progressing and main 
taining its desired objectives, a Mis 
sion Statement is updated every 1 to 
5 years. A Mission Statement for an 
athletic training room can easily be 
developed by referring to the Mission 
Statement of the parent organization, 
the Domains of Athletic Training as 
defined by the NATA, state regula 
tions and guidelines, and by confer 
ring with staff members and adminis 
trators. Include as many as possible 
of those who will be affected by the 
statement in its development. 8 This 
will prove beneficial when it is time 
to support and implement the plan. A 
well-designed Mission Statement will 
set the tone of the athletic training 
room, establish moral guidance, set 
the mission of the athletic training 
room, and delineate roles and priori 
ties (Table 1).

Evaluation
Once the mission statement is cre 

ated, you have established the stan 
dards the athletic training room 
should fulfill. Next you must dis 
cover if these standards are being 
met or not. There are a number of 
tests designed to do this and they 
may be obtained through a profes 
sional evaluation services company.
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Help may also be obtained through 
the instructors of evaluation and sta 
tistics at the nearest educational in 
stitution. Some situations may not 
require a formal evaluation test. An 
informal questioning of staff mem 
bers, coaches, athletes, and adminis 
trators may provide adequate feed 
back concerning the success of the 
athletic training room. Topics that 
may be of concern might include: 1) 
How does your facility meet your 
needs? 2) What is your patient popu 
lation and how are their demands be 
ing met? 3) What services are re 
quired of your facility and how are 
they met? 4) What human resources 
are available and how may they be 
utilized to meet your needs? 5) How 
well does your present mode of op 
eration meet the vision as established 
by your Mission Statement?

After your initial evaluation is 
complete, the Mission Statement will 
provide the guidance for two other 
crucial documents: a job description 
and a Policy and Procedures Manual. 
While the Mission Statement is fairly 
general and philosophical in nature, 
the job description and Policy and 
Procedures Manual are specific by 
design.

Table 2.—Job Description Example

Job Description
A job description should be spe 

cific enough to ensure a complete un 
derstanding of the responsibilities as 
sociated with a position, yet leave 
enough latitude that the employee 
can exercise initiative and judgment 
in the conduct of the job. The job de 
scription protects both the employer 
and the employee by communicating 
the scope of the job in question in a 
precise and efficient manner. The 
topics included in the job description 
will vary depending upon your insti 
tution, so refer to examples from 
similar institutions to get a start on 
your job description (Table 2).

Policy and Procedures Manual
The Policy and Procedures Manual 

is the second vital document. It is de 
signed to communicate the rules and 
guidelines of an organization in a 
clear and concise manner in order to 
minimize confusion within the orga 
nization. Many topics may be in 
cluded in such a manual. These will 
vary according to the type of institu 
tion with which your athletic training 
room is associated. A few topics ger 
mane to many athletic training room 
scenarios are listed in Table 3.

1. The Head Athletic Trainer, under the supervision of the University Team 
Physician and reporting to the Director of Athletics, is responsible for all 
aspects of health care in the athletic environment, to include, but not 
limited to, the six domains, as outlined by National Athletic Trainers' 
Association.

Prevention of Athletic Injuries (describe in detail).
Recognition and Evaluation of Injuries (describe in detail).
Management, Treatment and Disposition of Athletic Injuries (describe in
detail).
Rehabilitation of Athletic Injuries (describe in detail).
Organization and Administration of the Athletic Training Program
(describe in detail).
Education and Counseling of Athletes (describe in detail).

The Head Athletic Trainer must also maintain on-going NATA certification 
by satisfying the requirements for obtaining Continuing Education Units.9

2. Assistant Trainers will assist the Head Athletic Trainer in the prevention, 
immediate care, management, and rehabilitation of athletic injuries to the 
intercollegiate athletic teams. Assistants must be currently certified with the 
NATA and fulfill the continuing educational requirements to maintain 
certification.9

A chain of responsibility and role 
delineations should be established. 
This will help eliminate redundancies 
in areas such as communication with 
coaches and doctors and perfor 
mance of administrative chores. It 
will ensure that everyone knows 
what his/her primary responsibilities 
are, and with whom to coordinate 
other tasks. This should not restrict 
creativity or limit coworker assis 
tance, but it should be concise 
enough to leave no doubt as to indi 
vidual responsibilities.

Event-coverage standards should 
also be established. These will allow 
the coach to know what level of cov 
erage he or she can expect, and the 
athletic trainer can avoid work over 
load by establishing what sports and 
hours he or she is expected to work. 
Things to consider here are: 1) What 
sports need covered? 2) When are 
student athletic trainers allowed to 
provide coverage? 3) Is away-match 
coverage required, as well as home 
coverage?

Athlete physicals are another im 
portant topic which should be dis 
cussed. Some concerns here are: 1) 
Who will perform them? 2) What 
qualification standards are required 
for each sport? 3) Who has the final 
authority as to disqualification or re 
turn to play? 4) Who is required to 
receive a physical examination?

Student athletic trainer guidelines 
should be established. Prerequisites 
for acceptance to the program should 
be established, progress and continu 
ing education requirements outlined, 
and roles and responsibilities de 
tailed. These guidelines are of special 
importance because they will often 
create the first impression of athletic 
training to the student. Imprinting 
the proper moral and professional 
standards at this initial exposure will 
be integral to the success of the stu 
dent in the future.

Medical insurance coverage re 
quirements should also be explained. 
The insurance quagmire has become 
a large factor in sports today. Most 
institutions can no longer afford to 
cover the whole cost of athlete insur 
ance coverage. It should be made 
very clear as to what type of insur-
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ance the institution provides, what 
type of coverage the athlete is re 
quired to provide, and what excep 
tions will be allowed.

Media communications is a vital 
area of concern. The elimination of 
confusion and misinformation in this 
area is critical to an institution. Spe 
cial areas of concern are the topics of 
athlete death or serious injury. The 
damage to institutional credibility 
and the emotional pain that can en 
sue when incorrect information is re 
leased or improper lines of notifica 
tion are followed is incalculable and 
inexcusable. Liaison with the parent 
institution is recommended, because 
it often has guidelines concerning 
student mishaps and media relations. 
Related to this concern is the notifi 
cation of parents. The guidelines for 
this will be different, depending on 
the institutional situation. For exam 
ple, a high school athletic trainer may 
be required to contact parents in 
many more cases than a college ath

letic trainer whose athletes are not 
minors.

Emergency procedures should 
also be outlined. Topics of concern 
are: 1) When is ambulance coverage 
required? 2) When and how should 
the EMS system be activated? 3) 
Who should be notified of an emer 
gency? 4) Where is the nearest phone 
to each venue that is used located?

Drug education and screening 
have also become important topics 
for athletic trainers to address. There 
are a number of resources which pro 
vide insight into the conduct of these 
programs. A good place to start is by 
contacting the NCAA (6201 College 
Boulevard, Overland Park, KS 
66211-2422; telephone: 913-339- 
1906). The NCAA will readily pro 
vide information materials outlining 
drug testing legislation, student ath 
lete consent forms, NCAA-banned 
drug classes, testing protocol, and 
guidelines for a drug screening pro 
gram. 1 Your parent institution may

Table 3.—Table of Contents for a Policy and Procedures Manual9 

I. Mission Statement for the Department of Athletic Training

II. Athletic Training Organization and Responsibilities 
A. Organizational chart 
B. Job descriptions

III. Medical
A. Physical exam procedures
B. Clearance to participate
C. Physician referral
D. Individuals eligible to use the athletic training facility
E. Event coverage

IV. Insurance Requirements and Coverage 
A. Insurance required of all athletes 
B. Insurance provided by the university

V. Student Athletic Trainer Guidelines 
A. Job description 
B. Qualification criteria 
C. Professional standards

VI. Media Policies and Guidelines
A. Lines of communications chart
B. Media access to the athletic training facility
C. Parental notification
D. Serious injury/athlete death notification

VII. Emergency Procedures/Conditions

have established policies which must 
be considered in the development of 
a program. Many universities have a 
drug and alcohol counselor who may 
provide helpful advice and resource 
materials. Other resources include 
the legal advisors for the institution 
and the United States Olympic Com 
mittee Sports Medicine and Science 
Division (1750 East Boulder Street, 
Colorado Springs, CO 80909-5760; 
telephone: 800-233-0393).

Other topics that may require con 
sideration are medical file handling 
procedures, OSHA requirements 
compliance guidance, and standards 
concerning the handling of medica 
tions.

Implementation
You are now ready to begin an or 

ganized implementation of your plan. 
The first basic decision to consider 
for implementation is whether to 
phase in the changes by stages or to 
employ a single overhaul. Either 
strategy may be viable, depending 
upon your situation.

Leadership and communication 
will again be key elements to employ. 
During the creation of your Mission 
Statement and Policy and Procedures 
Manual, you will have developed 
changes you wish to implement. 
Change represents the unknown, and 
few things will cause fear and rebel 
lion like the unknown. By applying 
the leadership concepts previously 
established and ensuring clear com 
munication, many obstacles to suc 
cess may be avoided. If people un 
derstand what you are trying to 
accomplish and how it will benefit 
them, support will be much more 
forthcoming. If leadership and com 
munication are not employed, ru 
mors will develop and grudges and 
jealousy will create destructive inter 
office politics.

The next important part of imple 
mentation will be education. You 
should start by ensuring that every 
one involved has the same under 
standing of your Mission Statement. 
This should be easy if the proper li 
aisons were made during its creation. 
Once this is accomplished, you must 
provide the tools that will allow oth-
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ers to help you implement your 
plans. This may be done in a number 
of ways. Examples include: estab 
lishing scheduled in-services, provid 
ing constant practical application in 
the athletic training room, encourag 
ing initiative and innovation, promot 
ing the reading of professional jour 
nals, delegating responsibility, and 
supporting and providing time for 
outside continuing education. By em 
ploying these methods, you will dis 
cover the development of intellectual 
interchange, better coordinated 
teamwork, and improved perfor- mance.8 ' 11 ' 13

Education should be external as 
well as internal. By educating people 
outside of your department, you may 
gain surprise financial support or a 
political ally who will support and 
promote your cause in influential cir 
cles. Groups that should be included 
in your educational campaign are: 
alumni board members, faculty mem 
bers, other health groups on campus 
or in the area, and community boost 
ers. Many of the individuals in these 
organizations may have little knowl 
edge of athletic trainer certification 
requirements or of the magnitude of 
services that the athletic trainer can 
provide.

Later, you will need to reevaluate 
your program. Some of your results 
will be excellent, and, in most cases, 
other results will require further re 
finement. The key to this evaluation 
is to not be concerned with placing 
blame for any failures, but to concen 
trate on developing a better solution. 
Once again, ensure that you obtain 
input from all levels horizontally and 
vertically. Employ the use of flow 
charts, graphs, and statistical meth 
ods. These will give you a better

view of your results, delineate be 
tween good methods and good luck, 
and provide good tools to use to sell 
your plans and gain more support. 
Your evaluation should develop new 
ideas and methods for implementa 
tion which will allow you to start the 
process all over again.

Time-tested results of the above 
leadership and management tech 
niques have repeatedly proven their 
applicability and dependability.5 '6 '8 - 12 
They have created an atmosphere 
which allowed an increase in work 
quality, increased morale, decreased 
costs, and developed a proactive re 
sponse capability. All of these may 
be combined to help an athletic train 
ing room progress toward its ultimate 
goal, the improved health care of our 
athletes.
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Injured Athletes and the Risk 
of Suicide

Aynsley M. Smith, RN, MA 
Eric K. Milliner, MD

Abstract: Research on the emotional 
responses of athletes to injury shows sig 
nificant depression that may be profound 
and may last a month or more, parallel 
ing the athlete's perceived recovery. In 
jured athletes cared for by athletic train 
ers are often between the ages of 15 to 
24, the high-risk age group for suicide, 
which is currently a leading cause of 
death for young Americans. The pur 
poses of this paper are to discuss postin- 
jury depression, the incidence and risk 
factors of suicide, athletic injury as a 
psychosocial risk factor, the features 
common to suicide attempts in case stud 
ies of five injured athletes, and the moti 
vation of athletes for sport participation. 
We also suggest ways in which athletic 
trainers can assess injured athletes for 
depression and risk of suicide. The five 
injured athletes who attempted suicide 
shared several common factors. All had 
experienced 1) considerable success be 
fore sustaining injury; 2) a serious injury 
requiring surgery; 3) a long, arduous re 
habilitation with restriction from their 
preferred sport; 4) a lack of preinjury 
competence on return to sport; and 5) 
being replaced in their positions by 
teammates. Also, all were in the high- 
risk age group for suicide. As a primary 
care provider, the certified athletic 
trainer is in an ideal position to detect
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Minnesota.
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Mayo Clinic and Mayo Foundation. He is also 
an Assistant Professor of Psychiatry at the 
Mayo Medical School and serves as a psy 
chiatric consultant to the Sports Medicine 
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serious postinjury depression and to de 
termine whether the injured athlete is at 
risk for suicide.

Approximately 3 to 5 million ath 
letic and recreational injuries oc 
cur annually in the United 

States, constituting a major portion of ac 
cidental injuries suffered by adolescents 
and young adults.6 In 1989, the National 
Athletic Trainers Association (NATA) 
reported that 37% of high school football 
players are injured at least once and that 
1 million injuries occur annually in high 
school sports alone. 13 These reported in 
juries have physical 10' 12 ' 13 ' 15 and psy 
chological consequences, ranging from 
minor to catastrophic. 1 '4' 8 ' 14'20'22 Some 
injured athletes experience minimal 
postinjury mood disturbance, while oth 
ers experience more serious and lasting 
depression.20

The purposes of this paper are to 1) 
review the research on emotional re 
sponses of athletes to injury, 2) consider 
the incidence and risk factors for suicide, 
3) propose that athletic injury can be a 
psychosocial stressor and risk factor for 
suicide, and 4) review factors common to 
five young athletes who have attempted 
suicide postinjury. Furthermore, we will 
discuss conscious5 and unconscious 11 
sources of motivation for sport, which 
may help explain what is lost to the ath 
lete when injury occurs.

Discussion of the role of psychosocial 
variables such as personality traits, cop 
ing resources, and history of stress as 
predictors of injury and rehabilitation 
from injury are beyond the scope of this 
paper and have been reviewed in detail 
elsewhere.25

As primary care providers, athletic 
trainers are central to the athlete's care 
from the onset of injury until the return

to sport.24 Because of this relationship, 
athletic trainers are in direct contact with 
the injured athlete and may be able to 
detect postinjury depression, which can 
impede rehabilitation 19 and, on occasion, 
be life threatening.

Athletes' Emotional 
Responses to Injury

Researchers have described the emo 
tional responses to injury of runners, 1 
recreational athletes,20 college athletes,8 
injured sports persons, 14 and competitive 
athletes. 22 The Profile of Mood States 
(POMS), which has documented reliabil 
ity and validity,9 was used in each of 
these five studies to measure postinjury 
tension-anxiety, depression-dejection, 
anger-hostility, vigor-activity, fatigue- 
inertia, and confusion-bewilderment. 
Use of this standardized measure of af 
fect or mood has permitted between- 
study comparisons.

Chan and Grossman 1 compared the 
mood state (POMS) and self-esteem 
(Rosenberg Self-Esteem Inventory) of 
30 noninjured runners to 30 injured run 
ners. Both groups consisted of 16 men 
and 14 women matched for age, weekly 
mileage, hours of exercise per week, rac 
ing frequency, and years of preinjury 
running experience. Injured runners 
showed significantly more depression, 
anger, confusion, and lower self-esteem 
than did the noninjured runners. Depri 
vation of consistent running may have 
resulted in the loss of a coping strategy 
for those runners who ran for stress man 
agement and who depend on running to 
stabilize their moods.

The emotional response to injury of 
72 recreational athletes20 was studied us 
ing the Emotional Responses of Athletes 
to Injury Questionnaire (ERAIQ)21 (Fig 
1) and the POMS. 9 When injured ath 
letes were divided into severity of injury 
groups based on the length of time they 
were out of sport, athletes with minor 
injuries experienced less mood distur 
bance than did the college student nor 
mative group to which they were com 
pared.20 Conversely, the more seriously 
injured athletes experienced significant 
elevations in depression, anger, tension, 
and decreased vigor compared to the col 
lege norms. These mood disturbances 
persisted for approximately 1 month af-
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Address:. 
City:.
Tel: home:_ 
Interviewer:

. Slate:_ Zip:_ 
work:____

Date:________________ 
Clinic »______________ 
Level of Participation:______ 
Age:_ Date of Birth:_/_/_ 
Ht:______ Wt:____

1. If you could be anything you wanted to be in life, what would that be? .

2. List in order of preference the sports and activities that you participate in: 
1.________2._________3. ________4._____

3. What are your reasons for participating in sport? Rank 10 = high, 0 = low (in declining 
order of importance):

Stress management __ Competition __ Socialization __
Pursuit of excellence __ Fitness __ Self-discipline __
Personal improvement __ Fun __ Outlet of aggression __
Weight management __ Other, ie, well-being __

4. Would you describe yourself as an athlete? 
1.___ 2.___ 3.___ 4._ 
(absolutely not)

5. What specific goals do you have in sport?__

(absolutely yes)

6. Have they changed since the injury? Yes__No_ If Yes, how_

7. What is the nature of your injury?_

8. What sport were injured in?___ How did it happen?

9. When during the seasons did (he injury occur? __/__/__ 
(circle one of the following) - before, mid, end

10. Are you encouraged in sport by significant others? Yes _

11. Do you interpret this support as:
pressure ___ reluctant support ___ just right

No

12. Who exerts most of the pressure? self_ father_ mother_ coach_ other_

13. How many hours per week were you in practices or competition before the injury? 
(circle one) 
0-2 3-5 6-10 11-15 16-20 21-25 26-30 31 & over

14. Were you under any recent stress (life changes) before the injury? Yes_ 
If yes, could you please describe?________.—————————————

No

15. Do you have a strong family support system or close friends who know about your 
injury? Yes__ No__ If yes, who are they? (ie, coach, friend, parents, 
teammates, othert_____________————————————————————

16 How have you been feeling emotionally since the injury?
1. 2._______ 3._______ 4._______

17. How would you rank these emotions in significance as to how you are feeling because of 
the injury? Rank 12=high 0=low 
Helpless_____ Angry_____ Frightened___ 
Tense______ Frustrated___ Optimistic__._

In pain_Bored___ 
Depressed_ 
Other:

Shocked 
Discouraged_ Relieved

18. If 0% is no recovery, what percentage of recovery have you made to your preinjury 
status: (circle one)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

19. When is your estimated date of return to sport?__/___/___

20. Do you have fears about returning to sport? 
If yes, what are they?____________

Yes No

21. Are you a motivated person for exercise? (circle one)
1234567 

(not at all)

22. What is your current rehabilitation program:
which exercises______ times per day ___times per week

9 10 
(extremely)

23. Are you able to work out on exercise equipment or modalities? Yes __ No __ 
If yes, please describe _________________________—.———__

Fig 1.—The emotional responses of athletes to injury questionnaire. (Adapted from Smith, et al.21 Sports Med. 1990;9:352-369 

with permission of Adis International.)

ter injury (Fig 2). These more seriously 
injured athletes were out of sport from 4 
to 22 weeks with torn ligaments, torn 
menisci, or fractures that often required 
operations, casts, and crutches. Mood 
disturbances decreased as the athletes 
perceived that recovery was occurring.20 
A similar study to those above reported 
that five seriously injured collegiate ath 
letes experienced significant depression, 
tension, anger, and decreased energy 
postinjury, a mood state that was statis 
tically correlated to their rating of per 
ceived recovery.8

Pearson and Jones 14 compared a 
matched group of 61 injured and 61 non- 
injured recreational athletes or sports 
persons in Great Britain. Injured sports 
persons experienced more negative 
scores on all POMS scales than did those 
from the noninjured group. A qualitative 
interview portion of this study ques 
tioned injured athletes about their social 
support and the attitudes of their health 
care professionals. Suggestions for inter

ventions that injured athletes believed 
would be helpful were also obtained.

A recently completed study of 13 ath 
letic teams representing the sports of 
hockey, basketball, volleyball, and base 
ball compared the preinjury and postin 
jury mood state (POMS) and self-esteem 
(Rosenberg Self-Esteem Inventory) 1 of 
injured athletes.22 It examined the pres 
ence of stress, social support, attitudes, 
sport preferences, and goals of athletes 
(ERAIQ21 Forms A, B, and C) and re 
ported that severity of injury was the 
greatest predictor of postinjury depres 
sion.22 In this prospective, blinded study 
(performed with the assistance of certi 
fied athletic trainers), the researchers 
found significant preinjury and postin 
jury differences in mood state, suggest 
ing that the experienced postinjury mood 
disturbance is likely attributable to the 
injury and not to a preexisting disturbed 
mood state. 22

Overall, the results of these stud- 
ies 1,8,14,20,22 mciicate postinjury mood

disturbance, a finding most significant in 
the more seriously injured athletes. 8'20'22 
Although thoughts of suicide were not 
investigated in these reported studies, the 
large standard deviations reported for de 
pression raises concern about the possi 
ble coexistence of thoughts or impulses 
toward suicide. The significant depres 
sion scores reported in the five stud 
ies 1 ' 8 ' 14'20'22 prompted us to examine the 

incidence of suicide in adolescents to 
better understand the recent suicide at 
tempts of several young athletes who had 
sustained serious athletic injury.

Incidence of Suicide
Suicide has tripled in the past 20 years 

and is currently the second leading cause 
of death in young Americans (aged 15 to 
24 years). If the rate is adjusted for prob 
able underreporting, the actual suicide 
rate may equal accidents as the number 
one cause of death in this age group, 
accounting for 42 to 64 deaths per
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Reevaluation #1 Reevaluation #2
Initial 
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Perceived rate 

of recovery 1.8 2.9 3.4
Fig 2.—The emotional responses (measured by the POMS) of 23 more seriously 
injured athletes shows improvement over time. The improved mood state parallels 
the athletes' perception that recovery is occurring. (Reprinted with permission 
from the Mayo Clinic Proceedings20 1990;65:38-50).

100,000 in white men. Furthermore, 
members of this age group make 10 sui 
cide attempts for each completed sui 
cide. 18

Many injured athletes belong to this 
high-risk age group. For example, in the 
study on recreational athletes, 33 of the 
72 injured athletes were 16 years old.20 
Because of the popularity of youth sport 
and the incidence of injuries sustained in 
contact sports,22 many injured athletes 
seen by athletic trainers are between the 
ages of 15 and 24. Consequently, athletic 
trainers and all members of the sports 
medicine team should be aware of some 
risk factors for suicide and should at 
tempt to evaluate the psychosocial im 
pact of a serious injury on a young ath 
lete.

Risk Factors for Suicide
A model of five intersecting rings de 

scribes the risk factors for suicide. We 
have drawn the model to show that the 
degree of overlap of the risk factors may 
be proportionate to the degree of risk 
(Fig 3). These risk factors include 1) 
stressful psychosocial life events, 2) 
chronic mental illness, 3) personality 
traits consistent with maladjustment, 4) a 
family history of suicidal tendency/ 
genetic predisposition, and 5) a psychi 
atric disorder. 16 Individuals dealing with 
issues of homosexuality, drug use, pre

vious suicide attempts, and chronic low 
self-esteem are also at increased risk. 7 ' 18 
The risk factors illustrated in the model 
depicted in Figure 3 are dynamic; they 
relate to each other in varying degrees at 
different times in a person's life, and are 
subject to significant case-by-case varia 
tion.

Eintzen and Sage3 describe the world 
of sport as a microcosm of society. Al 
though research assessing the suicide 
risk among athletes is minimal,2 risk fac 
tors are believed to transcend socioeco- 
nomic and cultural boundaries. There 
fore, athletes are believed to be at least at 
equal risk (under normal circumstances) 
as members of the general population.2 
Clearly, during times of injury when ath 
letes have lost their ability to achieve in 
sport, postinjury depression may place 
them at an added risk for suicide, partic 
ularly if other risk factors are present.

Common Factors in 
Attempted Suicides of 
Injured Athletes

Initially, we considered presenting 
five case studies of athletes seen in our 
clinical practice who attempted suicide 
postinjury. To better protect patient con 
fidentiality, we decided instead to 
present the factors that were common to 
all members of this small group. All had 
1) sustained a serious injury that required

surgical intervention; 2) experienced a 
long, arduous rehabilitation that re 
stricted participation in their preferred 
sport for 6 weeks to 1 year; 3) experi 
enced a deterioration in their athletic 
skills, despite adherence to a vigorous 
rehabilitation program; 4) felt they 
lacked their preinjury competence on re 
turn to the sport; and 5) been replaced in 
their positions by teammates, a devastat 
ing blow to self-esteem, which may have 
already been low. Furthermore, these in 
jured athletes were all in the high-risk 
age group (16 to 18 years) for suicide 
and had enjoyed considerable athletic 
success before sustaining their injuries.

The features shared by these injured 
athletes all related directly to injury, the 
risk factor identified in Figure 3 as a 
stressful life event. In some cases, al 
though we did not know the family psy 
chiatric history, strained family dynam 
ics and discord in the parent/athlete 
relationship were apparent.

Although the hypothetical model pos 
ited in Figure 3 may enhance the general 
practitioner's risk assessment for suicide 
of adult nonathlete populations 16 and 
heighten the athletic trainer's awareness 
of the problem, it will need to be modi 
fied to accurately predict suicidal tenden 
cies in injured athletes.

The importance of team affiliation, the 
influence of a coach on self-esteem, the 
shattering of dreams, the blow sustained 
to invincibility when injury occurs in this 
high-risk age group of young athletes, 
and other adolescent stressors are not 
well accommodated by the model and 
probably need to be considered. It is to 
be hoped that, as empirical data appear 
on the psychosocial factors that influence 
the occurrence of injury and the athlete's 
rehabilitation to injury, more insight into 
the prediction of suicide in injured ath 
letes will emerge.

Motivation for Athletic 
Participation

To understand why athletic injury is a 
significant stressor capable of precipitat 
ing a reactive depression, it is necessary 
to consider why the athlete is involved in 
sport.

Conscious Motivation
Children and high school students are 

involved in sport to have fun, to improve
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5 Intersecting Rings Posited as Risk Factors for Suicide 
Degree of Overlap is Proportionate to Degree at Risk

1. Stressful life events (injury)
2. Chronic mental illness
3. Personality traits with 

maladjustment
4. Family history of suicidal 

tendency
5. Psychiatric disorder/other 

(homosexuality, drug use, 
previous suicide attempts, 
chronic low self-esteem)

Fig 3.—Each intersecting ring repre 
sents a risk factor for suicide. The de 
gree of overlap may be proportional to 
the degree of risk.

their sport skills, to be with friends and 
make new friends, to find thrills and ex 
citement, to succeed or win, and/or to 
become physically fit. 5 Recreational ath 
letes20 and competitive, college varsity 
athletes22who were queried in various 
studies stated that they were in sport pri 
marily for fun, pursuit of excellence, and 
competition. Recreational athletes 18 
years or older also valued the fitness, 
stress reduction, and weight management 
afforded by exercise. 20 Athletes have 
been socialized by a culture that values 
fitness and achievement of the American 
sport dream, in which openly acknowl 
edged, selfish, aggressive, and exhibi- 
tionistic motivations are unacceptable.

Unconscious Motivation
Other motivations may not be ac 

knowledged, expressed, or easily re 
searched, because either the athlete is not 
conscious of them, or they are socially 
unacceptable and are therefore retained 
as private thoughts and fantasies. 
Sources of these private and often un 
conscious motivating factors are usually 
related to either sexual, aggressive, or 
narcissistic drives and may all contribute 
to the athlete's motivation for success in 
sport. 11

Sexual Motivation
The notion that some persons partici 

pate in sport consciously anticipating 
sexual success and gratification is sup 
ported by several publicized accounts of 
athletes who have recently reported their 
sexual prowess. High-rolling lifestyles 
may motivate some athletes and may 
represent one aspect of the loss experi 
enced by athletes when injury occurs. 
For other athletes, the need for approval 
and acceptance by peers of the same gen 
der may be satisfied during sport partic

ipation, which permits the expression of 
affiliation and affection (evidenced by the 
hugging and patting that occurs in foot 
ball and hockey huddles in celebration of 
success).

Aggressive Motivation
Aggressive drives, which may stem 

from sources such as sibling rivalry, of 
ten find expression in sport. Sport not 
only allows a level of aggressive behav 
ior not tolerated elsewhere, but, in addi 
tion, reinforces and rewards these behav 
iors. Injured athletes may not find 
socially acceptable outlets for their ag 
gression, which may augment the de 
pression and anger experienced postin- 
jury 8,14,20,22

Narcissistic Motivation
Athletes with low self-esteem may 

need to compensate for their perceived 
inadequacy by being the center of atten 
tion. These athletes may try to achieve 
high sport ideals while also fulfilling the 
expectations of their parents, coaches, 
and fans. When these athletes do not be 
lieve they have measured up to their 
ideals, slumps may occur. In addition, 
injuries frequently compromise the ath 
letes' performance and thwart the 
achievement of both conscious and un 
conscious goals, which further reduces 
self-esteem and contributes to postinjury 
depression.

Ideally, through the process of psy 
chological growth and maturation, 
healthy athletes will participate in sport 
comfortably and without inhibition. 11 
Even when the inevitable injuries occur, 
athletes at this level of maturation are 
likely to take them in stride.

Although more research must be done 
before we can understand the mecha 
nisms that prompt some injured athletes 
to consider suicide, consideration of both 
the athletes' conscious and unconscious 
motivation for sport provides partial in 
sight into the reasons that a serious in 
jury may be deemed a significant psy- 
chosocial stressor and risk factor for 
suicide. Clearly, when injury occurs, the 
athlete is unable to experience the fun, 
competition, and camaraderie of sport 
participation; and outlets for the expres 
sion of sexual, aggressive, and narcissis 
tic drives are thwarted, all of which may 
contribute to the postinjury depression.

Intervention
Athletic trainers might wish to use the 

ERAIQ as a guide for a structured inter 
view, to assess the emotional responses 
of athletes to injury.21 The ERAIQ in 
quires about family support and pressure 
and can provide a lead into a more in- 
depth evaluation if the athletic trainer de 
tects the presence of significant depres 
sion. The interview should be conducted 
privately and the athlete should be as 
sured of confidentiality. Questions on the 
ERAIQ progress from a safe, nonthreat- 
ening nature to questions more directly 
assessing personal meaning and impact 
of injury.

Sometimes athletes who are malinger 
ing, using injury to avoid competition, 
demotion, or loss of a scholarship, or 
those displaying a lack of ability can be 
identified and assisted in a constructive 
way to disengage from sport. 17

On the other hand, those athletes who 
are seriously depressed can be asked 
about thoughts of suicide, potential risk 
factors, sources of social support, and 
their coping mechanisms for dealing 
with injury. Injured athletes who ac 
knowledge suicidal ideation need to be 
asked whether thoughts of suicide are 
occasional or constant, whether the ath 
lete has a plan, and, if so, whether or not 
the athlete has secured the means. If 
these answers are affirmative, the athletic 
trainer should suggest that the athlete 
promptly seek care from a psychiatrist or 
a psychologist. Although athletic trainers 
may not have received specific training 
in management of the suicidal patient, 
this brief assessment is comparable to 
the training that lay persons receive and 
is essential knowledge for all adults who 
work with young people in high-risk age 
groups.

Clearly, psychosocial stressors such as 
a serious athletic injury prompt depres 
sion and, on occasion, even suicidal ide 
ation. It seems likely that serious athletic 
injury is a psychosocial stressor that is 
most ominous when it is in the presence 
of other risk factors. Learning about the 
athlete's personality, his/her coping re 
sources (friends, support systems), re 
cent history of stress, injury severity, and 
team relationships as well as the athlete's 
emotional response to injury will en-
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hance the athletic trainer's ability to dis 
cern which injured athletes are at risk.

In summary, although little is known 
about the frequency and specific risk fac 
tors for suicide in injured athletes, we do 
know that some athletes are in a high- 
risk age group and are very depressed. 
Studies on postinjury depression suggest 
that depression is apt to be most pro 
found in the more seriously injured ath 
letes. The common factors shared by in 
jured athletes who have attempted 
suicide should alert athletic trainers to 
pay particular attention to young, suc 
cessful athletes who require surgery or a 
long rehabilitation that necessitates be 
ing out of sport for some time, and who 
may find themselves replaced on the 
team at the time of their return. In this 
high-risk group, it is essential that the 
trainer assess the athletes' motivation, 
support system, coping methods, and 
postinjury depression.

Close communication between the 
athletic trainer and the injured athlete 
will convey to the athlete that the trainer 
is concerned about both the physical and 
psychosocial consequences of injury. 
Confidential discussion between the in 
jured athlete and the trainer demonstrates 
the willingness of the trainer to listen, 
assess, and, when appropriate, intervene 
or interact with other members of the 
sports medicine team21 '23"25 to ensure 
that holistic rehabilitation occurs. The 
athletic trainer can also promote the ath 
lete's continued affiliation with the coach 
and the team during the athlete's time 
out of sport because of the injury. As 
Frank Gifford commented on NFL Mon 
day night football, ' 'the athlete must heal 
not only the scar on the knee, but also the 
scar on the head" before returning to 
sport.
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Risk Factors for Anterior 
Cruciate Ligament Injury in 
High School and College 
Athletes
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Abstract: The anterior cruciate (ACL) 
is the most frequently ruptured ligament 
of the knee. Some authors have sug 
gested that excessive internal tibial rota 
tion concomitant with hyperpronation of 
the subtalar joint during stance and inher 
ent knee joint laxity may predispose an 
athlete to knee injury. Over a period of 2 
years, we identified 14 ACL-injured foot 
ball players and eight ACL-injured fe 
male basketball players and gymnasts. 
We matched them by sport, team, posi 
tion, and level of competition with 22 ath 
letes without history of ACL injury. Mea 
sures of navicular drop, calcaneal 
alignment, and anterior knee joint laxity 
with a KT-1000 were obtained from the 
uninjured knee of the ACL-injured ath 
letes and compared with measures ob 
tained from the ACL-noninjured athletes. 
ACL-injured athletes had greater 
amounts of navicular drop, suggesting 
greater subtalar pronation and greater 
anterior knee joint laxity. Discriminant 
analysis and multiple regression indi 
cated that these variables correctly pre 
dicted injury status for 87.5% of the fe 
males and for 70.5% of all cases. These
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results suggest that the more an athlete 
pronates and the greater the anterior 
knee joint laxity, the greater the associa 
tion with ACL injury.

The anterior cruciate ligament 
(ACL) is the most frequently rup 
tured ligament of the knee. 12 The 

mechanism of ACL injury is often de 
scribed as noncontact. Previous authors 
have reported that 78%20 and 71%4 of 
ACL-injured patients described noncon 
tact mechanisms of injury. It has been 
suggested that excessive internal tibial ro 
tation concomitant with hyperpronation 
of the subtalar joint during stance4 and 
inherent knee joint laxity17 may predis 
pose an athlete to ACL injury.

While much has been written on injury 
to the anterior cruciate ligament, little at 
tention has been devoted to understand 
ing the mechanism of injury.9 A greater 
understanding of the mechanics of injury 
are needed as we work to prevent, and 
improve treatment of, injuries to the 
ACL.9 We conducted this investigation to 
develop a better understanding of the 
risks of ACL injury. For, if our efforts of 
prevention are to succeed to their fullest 
potential, we must be able to identify 
those athletes at greatest risk.

The purposes of our study were: 1) 
to determine if clinical measurements 
used to assess pronation and anterior 
translation of the tibia on the femur dis 
criminate between-ACL injured and 
ACL-noninjured athletes matched for 
sport, team, and position, and 2) to 
identify those measures which are the 
strongest discriminators between the 
two groups.

Methods
We assessed the uninjured lower ex 

tremity of 14 ACL-injured male high 
school and college football players and 
eight ACL-injured female high school- 
and college gymnasts (n = 6) and bas 
ketball players (n = 2) using clinical 
measures indicative of pronation and 
anterior displacement of the tibia on 
the femur. All of the ACL-injured fe 
males and 10 of the males clearly de 
scribed a noncontact mechanism of in 
jury. We also selected an equal number 
of athletes, matched for sport, position, 
and playing time, without history of 
ACL injury, and assessed both lower 
extremities. All subjects provided in 
formed consent in compliance with uni 
versity guidelines.

Data collection was conducted in 
two phases during a 2-year period. In 
the first phase, 14 high school and col 
lege football players (19.1 ± 6.0 years, 
73.2 ± 3.3 in, 211.0 ± 47.9 Ib) with a 
history of unilateral ACL injury, con 
firmed arthroscopically or during ar- 
throtomy, were identified. We matched 
the injured athletes with 14 football 
players (18.1 ± 1.6 years, 72.3 ± 2.9 in, 
199.6 ± 36.6 Ib) without history of a 
knee injury more severe than a first de 
gree sprain, by team, position, and ex 
tent of participation.

In the second year of data collection, 
we identified and matched eight ACL- 
injured female athletes (six gymnasts 
and two basketball players) (19.5 ±1.7 
years, 64.6 ± 3.7 in, 128.0 ± 17.0 Ib) 
with eight uninjured athletes (19.0 ± 
1.2 years, 63.3 ± 2.6 ins, 126.9 ± 12.8 
Ibs) by sport, injured leg, and level of 
competition.

We obtained measures of calcaneal 
alignment changes in stance, navicular 
drop, and anterior translation of the tibia 
on the femur bilaterally from the ACL- 
noninjured athletes and from the ACL- 
uninjured lower extremity of the ACL- 
injured athletes. We selected the 
uninjured lower extremity so that all mea 
sures came from the same extremity and 
so that athletes whose weight bearing was 
restricted secondary to surgery could be 
included in the study.

Calcaneal alignment was assessed in 
a nonweight-bearing position by having 
the athlete lie prone and place the con- 
tralateral leg in the figure 4 position 
(see Figure). The lower one third of the 
leg was bisected from the musculoten- 
dinous junction of the triceps surae to 
the Achilles tendon. The medial and 
lateral tubercles of the calcaneus were
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Position for assessment of nonweight-bearing calcaneal alignment.

palpated, and the calcaneus was bi 
sected. Subtalar neutral was identified 
by grasping the fourth and fifth meta- 
tarsal heads and palpating the talus as 
described by Magee. 14 A standard go 
niometer was used to estimate, to the 
nearest degree, the angle between the 
bisection of the leg and bisection of the 
calcaneus. The angle between the bi 
section of the leg and calcaneus was 
then measured with the athlete posi 
tioned full weight bearing to assess 
change in calcaneal alignment during 
stance.

We measured navicular drop with 
Brody's5 technique; ie, measure the 
distance between the navicular tuber- 
osity and the floor with the athlete sit 
ting and the subtalar joint in neutral po 
sition and again with the athlete 
standing full weight bearing on the limb 
being assessed. The difference in the 
two measures is the navicular drop.

Using a KT-1000 knee arthrometer 
(MEDmetric Corp, San Diego, CA), we 
measured anterior displacement of the 
tibia on the femur. With the athlete po 
sitioned supine and the knee flexed ap 
proximately 20°, three measures of ante 
rior drawer were obtained using 20 Ib of 
force applied through the handle of the 
arthrometer, and three measures were 
obtained with maximal manual force ap 
plied to the posterior calf at the level of 
the proximal strap of the KT-1000. 
Means of the three measures with each 
loading force were used for further anal 
ysis. Within each phase, the same inves 
tigator performed all measurements with

the KT-1000 in an effort to maximize the 
reliability of the measurements.

Data Analysis
In the first phase, we analyzed the 

data from the uninjured football players 
using analysis of variance with re 
peated measures to determine if signif 
icant differences existed between the 
right and left lower extremities. Mea 
sures of calcaneal eversion, navicular 
drop, and anterior translation of the 
tibia on the femur obtained using the 
KT-1000, were analyzed with discrimi 
nant analysis and multiple regression. 
Classification of results tables indicated 
whether injured and uninjured athletes 
were correctly classified, based on the 
discriminant analysis. Chi-square anal 
ysis was conducted on the classifica 
tion of results table to determine if the 
regression equation predicted group 
membership significantly better than 
chance. Finally, using a multiple linear 
regression analysis, we determined the 
portion of variance in group member

ship that was explained by the predic 
tor variables.

We analyzed the data from the fe 
male athletes in the same manner ex 
cept that measurements of ACL-nonin- 
jured athletes were matched to the 
uninvolved side the ACL-injured ath 
letes. Finally, we combined and ana 
lyzed the data from the male and fe 
male athletes using the statistical 
methods described above.

Results
There were no significant differences 

between right and left lower extremities 
of uninjured football players for calcaneal 
position, navicular drop (F(l,13) = .67, p 
= .43), or the KT-1000 measurements 
with 20 Ib of force (F(l,13) = A2,p = .73) 
and maximum manual force (F(l,13) = 
1.86, p = .20). However, two of the ath 
letes had a difference in navicular drop 
greater than 2 mm and four had differ 
ences in KT-1000 measures greater than 3 
mm at both loading forces. Because most 
of these athletes had minimal bilateral dif 
ferences, right and left side values were 
averaged for data analysis.

Discriminant analysis of the data 
from the football players indicated that 
navicular drop, anterior drawer with 20 
Ib of force, and maximum manual 
drawer were the best predictors of 
group classification. Group means and 
standard deviations appear in Table 1. 
Conical correlation between group 
membership and the discriminant score 
was .46 (p = .11). The classification of 
the athletes into ACL-injured and 
ACL-uninjured groups resulted in 
71.4% being correctly classified (Chi- 
square = 7.43, p < .01; Table 2). Re 
gression analysis revealed that 22% of 
the variance in group membership was 
explained by the three predictor vari 
ables.

Discriminant analysis of the data 
from the female athletes indicated that 
navicular drop, anterior drawer with 
20-lb force, and maximum manual

Table 1.—Navicular Drop, KT-1000, and Calcaneal Eversion in Stance Values for 
ACL-injured and ACL-noninjured Football Players

KT-1000
KT-1000 maximum Calcaneal 

Navicular 20-lb force manual eversion in 
_________ drop (mm) (mm) (mm) stance

Uninvolved limb of ACL-injured 8.4 ± 4.2 5.0 ± 2.6 6.5 ± 3.3 3.9 ± 2.8° 
ACL-noninjured 5.9 ± 2.4 4.4 ± 2.1 4.8 ± 2.2 4.5 ± 2.4°
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Table 2.—Classification of ACL-injured and ACL-noninjured Football Players 
Through Discriminant Analysis

Predicted group membership

Actual group Injured Noninjured Total
Injured
Noninjured
Totals

8
2

10

6
12
18

14
14
28

71.4% were classified correctly. Chi-square = 7.43, p < .01.

Table 3.—Navicular Drop, KT-1000, and Calcaneal Eversion in Stance Values for 
ACL-injured and ACL-noninjured Female Athletes

ACL-injured
ACL-noninjured

Navicular
drop (mm)

5.0 ± 2.5
3.0 ± 1.1

KT-1000
20-lb force

(mm)

5.3 ± 2.6
3.8 ± 2.2

KT-1000
maximum
manual

(mm)

6.1 ± 2.7
3.8 ± 1.5

Calcaneal
eversion in

stance

3.9 ± 1.3°
5.9 ± 1.6°

drawer were predictors of group classi 
fication. Group means and standard de 
viations appear in Table 3. Conical cor 
relation between group membership 
and the discriminant score was .71 (p 
= .07). The classification of athletes 
into ACL-injured and ACL-uninjured 
groups resulted in 14 of 16 (87.5%) be 
ing correctly classified (chi-square = 
9.00, p < .01; Table 4). Regression re 
vealed that 60% of the variance in 
group membership was explained by 
the predictor variables.

When the data from the football play 
ers and female athletes were combined 
for analysis, the conical correlation be 
tween group membership and the dis 
criminant score was .45 (p = .03). The 
classification of athletes into ACL-injured 
and ACL-uninjured groups resulted in 31 
of 44 (70.5%) being correctly classified 
(chi-square 7.45, p < .01; Table 5). Re 
gression revealed that 20% of the vari 
ance in group membership was explained 
by measures of navicular drop and ante 
rior knee joint laxity.

Table 4.—Classification of ACL-injured and ACL-noninjured Female Athletes 
Through Discriminant Analysis

Predicted group membership

Actual group Injured Noninjured Total
Injured
Noninjured
Totals

2
8

10

8
8

16
87.5% were classified correctly. Chi-square = 9.00, p < .01.

Table 5.—Classification of Football and Female ACL-injured and ACL-noninjured 
Athletes Through Discriminant Analysis

Predicted group membership
Actual group Injured Noninjured Total
Injured 15 7
Noninjured 6 16
Totals 21 23
70.0% were classified correctly. Chi-square = 7.45, p < .01.

22
22
44

Discussion
The results of our study suggest 

that greater knee joint laxity and sub- 
talar pronation may be associated with 
an increased risk of ACL injury. 
These results are in agreement with 
the report who reported that ACL- 
injured patients, regardless of mecha 
nism of injury, had greater navicular 
drop measures than a randomly se 
lected group of patients with no his 
tory of ACL injury.4

Anatomical and biomechanical fac 
tors may increase stress placed on the 
ACL, thereby possibly increasing the 
risk of injury. Coplan6 demonstrated 
that subjects who pronated more had 
greater rotational motion of the knee, 
while Aim et al 1 reported that as inter 
nal rotation or external rotation of the 
knee increases, the absolute strength of 
the ACL decreases.

A narrow intercondylar notch of the fe 
mur has also been identified as being a 
risk factor for ACL injury.2- 13 - 18 We did 
not assess notch width. While a narrow 
intercondylar notch may increase the risk 
of ACL injury and knowledge of such a 
condition may cause an athlete to limit 
athletic participation, screening of all ath 
letes would be expensive. It is also unrea 
sonable to perform notchplasty in an at 
tempt to minimize the risk of ACL injury. 
Measures of navicular drop and anterior 
knee joint laxity can be more easily ob 
tained. Pronation can be limited by select 
ing appropriate footwear or through the 
use of orthotics.3 ' 19 If joint laxity is of 
concern, a training program can be pre 
scribed to strengthen the muscles sur 
rounding the knee. Thus, the risk factors 
we have identified can be screened for 
during a routine physical exam and poten 
tially mitigated through orthotic manage 
ment and exercise.

When conducting a physical exam, 
the reliability of the clinical measure 
ment is of concern. Mueller et al 16 cal 
culated intraclass correlations and re 
ported the intratester reliability of 
navicular drop to be .78 and .83 for the 
left and right foot, respectively.

Our average navicular drop mea 
sures were much lower than what 
Brody5 considered normal (10 mm) and 
abnormal (15 mm) in runners. How 
ever, Brody was discussing the effects 
of pronation on lower extremity over 
use injuries in runners and presented 
the above values based on clinical 
experience as opposed to actual group 
mean values. Mean navicular drop val 
ues of 7.58 and 7.10 mm for left and
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right feet have been reported. 16 These 
values are similar to those we mea 
sured on ACL-injured (8.4 mm) and 
ACL-noninjured (5.9 mm) football 
players. The lower values for our fe 
male athletes were probably because 
most of our female subjects were gym 
nasts. These athletes were characteris 
tically small in stature with low resting 
navicular tuberosity heights and less 
space for navicular drop.

Measures of calcaneal eversion in 
stance were not retained in the data 
analysis as predictors of ACL injury. 
While measures of calcaneal position in 
unilateral stance have been reported to 
have acceptable (ICC = .75) reliabili 
ty, 21 we found these measures are more 
difficult to obtain than measures of nav 
icular drop. Therefore, it is reasonable 
to suspect that there was greater error 
when goniometric measures of rearfoot 
position were taken. Certainly greater 
measurement error could explain why 
navicular drop was retained in the anal 
ysis and goniometric measures of cal 
caneal position in stance were not.

The intratester reliability of measures 
of anterior knee joint laxity made with a 
KT-1000 has been reported to be 
good,7' 10' 11 while the intertester reliability 
is lower. 11 In our study, the same clini 
cian took all measures of anterior knee 
joint laxity within each phase. Our mean 
knee joint laxity values are somewhat 
lower than,8' 15 or similar to22 those re 
ported by others. Whether these differ 
ences are due to sampling or measure 
ment technique cannot be determined. 
However, regardless of these differences, 
our subjects with a history of ACL injury 
had, on average, greater measures of lax 
ity in their uninvorved knee than did the 
matched counterparts.

In addition to pronation, anterior 
knee joint laxity, and intercondylar 
notch width, other factors, including 
playing surface and footwear, may af 
fect the risk of ACL injury. Addition 
ally, body weight, fitness level, and 
general athletic ability may impact 
upon the risk of injury. When data were 
combined, 20% of the variance in group 
membership (ACL-injured versus 
ACL-noninjured) was explained by 
measures of navicular drop and ante

rior knee joint laxity, while other fac 
tors, not assessed in this study, ac 
counted for the remaining 80%. 
Discriminant analysis forced group 
membership to be predicted, based 
upon the measurements we obtained. 
There was an association between nav 
icular drop, anterior knee joint laxity, 
and ACL injury. Therefore, this analy 
sis predicted group membership signif 
icantly better than chance. Because of 
the retrospective methodology of our 
study, we were unable to control for 
the factors noted above. We also made 
the assumption, based upon the analy 
sis of the measures obtained bilaterally 
from the 14 ACL-noninjured football 
players, that the uninjured lower ex 
tremity of ACL-injured athletes is rep 
resentative of the injured limb prior to 
injury.

Despite these limitations, the de 
scriptive data and discriminant analy 
ses suggest there were differences in in 
herent knee joint laxity and foot 
biomechanics between ACL-injured 
and ACL-noninjured athletes. We 
agree with Beckett et al4 ; further inves 
tigation is required to fully elucidate 
the impact of individual anatomical and 
biomechanical variations on the risk of 
ACL injury. If these results are sub 
stantiated by additional retrospective 
or large prospective studies, sports 
medicine practitioners may be able to 
reduce the incidence of ACL injury 
through preparticipation screening and 
use of exercise and orthotic devices to 
control knee and foot motion.
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Progressive Management of 
Open Surgical Repair of 
Achilles Tendon Rupture

Dirk H. Dugan, MD 
Christopher K. Hobler, MS, ATC

Abstract: A 33-year-old man sus 
tained an acute Achilles tendon rupture 
which was surgically repaired. Early 
nonweight-bearing range of motion and 
strengthening of the ankle and the re 
paired muscle unit was allowed at 4 
weeks postoperatively, and closed-chain 
dorsiflexion was allowed at 6 weeks. 
Casts and/or ankle-foot orthoses were 
used to continue protection of the Achil 
les from reinjury and full body forces as 
the repaired muscle continued to heal. In 
this case, range-of-motion and strength 
ening exercises were initiated at an ear 
lier stage in the treatment program with 
out compromising the result. When 
indicated, this treatment will provide ex 
cellent posttraumatic function of the sur 
gically repaired Achilles tendon in the 
motivated and compliant patient.

Rupture of the Achilles tendon oc 
curs more often in men than in 
women, in the left heel more than 

the right, and most commonly between 
the ages of 25 and 45.22 It is thought to 
be more common in the left heel because 
most people are right-footed and push off 
with their left foot.22 These injuries are 
rare, but very debilitating. This case 
demonstrates successful application of 
more aggressive ambulation and rehabil 
itation for a surgically repaired Achilles 
tendon.

Dirk H. Dugan is an orthopedic surgeon at 
Orthopedic Surgery and Sports Medicine at 
201 Dates Drive in Ithaca, NY 14850. 
Christopher K. Hobler is Head Athletic 
Trainer at Tompkins Community Hospital in 
Ithaca.

The patient presents with a history of 
forceful plantar flexion or dorsiflexion 
with the associated sudden snap in the 
posterior ankle and the inability to con 
tinue the activity. 3 Physical examination 
reveals a palpable gap in the posterior 
leg. There is absence or a marked reduc 
tion in the power of plantar flexion. The 
Doherty-Thompson sign is positive in 
complete Achilles ruptures. In this test, 
the calf is squeezed and active plantar 
flexion is absent. 13

Prompt diagnosis of a ruptured Achil 
les tendon is imperative. Early diagnosis 
permits proper treatment and prevents 
prolonged disability; misdiagnosis can 
result in delayed or inappropriate ther 
apy. Delay of more than 1 month before 
surgical repair will result in at least a 
20% decrease in muscular endurance. 19

Presentation of Case
A 33-year-old man complained of 

posterior leg pain. Preoperative diagno 
sis was made, based on the medical his 
tory of forceful plantar flexion with an 
associated "pop" in the posterior calf. 
Physical examination revealed a palpa 
ble defect in the left Achilles tendon. The 
left leg demonstrated a positive Doherty- 
Thompson test13 in which squeezing the 
calf did not produce plantar flexion in the 
foot. Initial treatment consisted of appli 
cation of a posterior splint to the affected 
extremity. We discussed operative ver 
sus nonoperative treatment of Achilles 
tendon rupture as well as the risks and 
benefits of both with the patient. Three 
days after the injury ruptured, the Achil 
les tendon was repaired.

The surgeon made a longitudinal me 
dial incision, approximately 3 inches 
proximal to the heel, at the level of the

rupture. He divided the skin, subcutane 
ous tissues, and the deep fascia, exposing 
the Achilles tendon. The rupture was at 
approximately the level of the musculo- 
tendinous junction. The ruptured ends of 
the tendon were frayed, although a few 
medial fibers were in continuity distally, 
and were about 1/4 inch in size. The ten 
don of the plantaris appeared to be intact.

Care was taken to bring the large distal 
bundle proximally. The ends WLTC inter- 
digitated in a horizontal mattress fashion 
with three mersilene sutures. Interrupted 
simple and mattress sutures overlapped the 
proximal and distal segments, using vicryl 
sutures.

Postoperatively, a short leg cast was ap 
plied with the ankle in a gravity equi- 
nus position. The patient crutch-ambu 
lated with touch-weight-bearing and 
remained in the cast 14 days postoper 
atively. A short leg walking cast in 
slight equinus was then applied. Pro 
gressive weight bearing (25%) with 
crutches and cast isometrics began.

Four weeks postoperatively, the patient 
was placed in a rehabilitation brace. This 
device allowed plantar flexion and blocked 
dorsiflexion at neutral. Progressive weight 
bearing (50%) continued with crutches. He 
performed range-of-motion exercises and 
isometric exercises in all planes, resisted 
Theraband® (North Coast Medical Inc, 
San Jose, CA) strengthening exercises in 
all planes (except plantar flexion), and be 
gan closed-chain plantar/dorsi flexion 
movements, consisting of seated/standing 
heel slides. He performed these exercises 
out of the brace three times a day for three 
sets of ten repetitions. We used modalities 
such as cold whirlpool before exercise and 
ice postexercise to reduce swelling. At this 
time, the patient's range of motion was 
within normal limits in inversion, eversion, 
and plantar flexion, but lacked 10° of dor 
siflexion. There was moderate swelling at 
the repair site.

Six weeks postoperatively, a polypro 
pylene ankle-foot orthosis was placed on 
the patient. At this time, the patient 
lacked only 5° of dorsiflexion. Strength 
ening exercises and closed-chain plantar/ 
dorsi flexion continued. We initiated 
gentle plantar flexion strengthening ex 
ercises, including Theraband (100 repe 
titions per day) and stationary bicycling. 
Single crutch-assisted weight bearing
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(75%) was progressed over the next 6 
weeks.

Three months postoperatively, the pa 
tient had full active range of motion. 
Ambulation without the ankle-foot or- 
thosis was without limp or limitations. 
He began proprioceptive stork exercises, 
with the foot flat on the ground. He per 
formed this exercise in three sets of 30- 
second increments. He also began as 
sisted one-fourth squat and lunge 
activities on parallel bars. We substituted 
the ankle-foot orthosis with the Ankle 
Ligament Protector ankle brace (Smith 
& Nephew DonJoy Inc, Carlsbad, CA) 
for outdoor activities. This brace tends to 
allow unrestricted mobility and prophy 
lactic efficacy. We initiated recreational 
bicycling and calf (gastrocnemius/so- 
leus) progressive resistance exercises, to 
include bilateral toe raises. Toe raises 
were performed at ten repetitions, three 
times per day. The patient was to per 
form daily proprioceptive and strength 
ening exercises and continue walking 
only for 2 months.

Six months postoperatively, we per 
formed an isokinetic evaluation. Using a 
Cybex II isokinetic dynamometer 
(Lumex Inc, Ronkonkoma, NY), we 
evaluated objective performance. 
Strength was tested at 60°/s. Power was 
tested at 120° and 180°/s. Endurance was 
tested at 180°/s. Isokinetic evaluation of 
the operated leg revealed strength, 
power, and endurance measurements to 
within normal limits of the unaffected 
side. Calf progressive resistance exer 
cises were continued, including leg 
press, power and training squats, and sin 
gle-leg toe raises. The patient was in 
structed to begin jogging while wearing 
the brace and to progress running activ 
ities over the next 10 weeks, to include 
sprinting and jumping activities.

Nine months postoperatively, the 
brace was discontinued for jogging. It 
was recommended, however, that the 
brace be worn for sprinting and jumping 
sports, such as basketball and volleyball. 
The patient was cleared for return to full 
athletic participation.

Discussion
Spontaneous rupture of the Achilles 

tendon is a rare injury most commonly 
seen in 25- to 45-year-old men. The spe

cific etiology of Achilles tendon rupture 
is still unresolved. One theory is that re 
petitive microtrauma in an aging tendon 
causes chronic degeneration in the ten 
don. Fox et al5 noted findings of chronic 
degeneration in Achilles ruptures in ath 
letes occurring in an area above the os 
calis. Lagergren and Lindholm 15 de 
scribed decreasing perfusion of the distal 
Achilles with advancing age, thus sup 
porting the chronic degeneration theory. 
In contrast, Inglis and Sculco 11 have 
shown no chronic degeneration but 
rather revealed the presence of acute 
hemorrhage and inflammation consistent 
with acute tendon rupture rather than 
chronic tendinitis. Additional evidence 
to dispute the degeneration theory is the 
lack of prodromal symptoms in most pa 
tients and the high incidence of unilater- 
ality. 1

Inglis and Sculco 11 introduced another 
theory that the musculotendinous unit 
that normally monitors force and pre 
vents excessive tension or injury to the 
complex is abnormally inhibited. This 
theory postulates that the mechanism 
malfunctions and muscle power poten 
tials of significant magnitude are re 
leased by sudden high velocity activities. 
Usually, patients with spontaneous rup 
ture of the Achilles tendon can be segre 
gated into one of two groups: sedentary, 
poorly conditioned weekend athletes in 
their late 30s and 40s, and active, well- 
conditioned athletes in their 20s. Perhaps 
the chronic degeneration and the mal 
functioning inhibitor theories are both 
valid mechanisms of Achilles rupture 
and a combination of both play a greater 
or lesser role, depending upon the pa 
tient. 3

Although many authors have disputed 
whether surgical or conservative treat 
ment should be used for a ruptured 
Achilles tendon, most authors agree that 
early treatment is far superior to late re 
pair. 8 Several authors proclaim that non- 
surgical treatment offers a significant de 
crease in complications, while 
concurrently producing similar re 
sults. 6 ' 16'20 Recently, more emphasis has 
been placed on the proper selection of 
open versus closed treatment. Surgical 
treatment seems to be indicated in active 
older patients, those with chronic rup 
tures, young athletes, and elite ath 
letes. 1 '9 ' 10' 12 Conservative cast treatment

is usually reserved for patients who are 
older than 50, sedentary, chronically ill, 
or debilitated.7 ' 10

Conservative methods of treatment 
are often followed because of the possi 
ble complications (infections, skin 
sloughs, scar adhesions, and Keloid scar 
ring) sometimes noted with surgical 
treatment.6' 14' 16' 17 The virtue of the treat 
ment is its simplicity. The patient is 
maintained in a long leg cast with the 
foot in gravity equinus for 6 weeks; a 
short leg equinus cast is then used for 2 
weeks. This is followed by a short leg 
walking cast with the ankle in a neutral 
position for an additional 2 weeks. After 
removal of the cast, a heel lift is used for 
2 to 4 months.8

However, conservative management 
may have a higher incidence of rerup- 
tures than operative treatment. In one 
study, the incidence of rerupture in non- 
surgically treated patients was 17.7%, 
compared to 1.54% of the surgically 
treated patients.23 The difference is sig 
nificant and implies that surgical repair 
provides a stronger tendon that is better 
able to tolerate weight bearing.

Surgical repair has been proven statis 
tically to be more successful than con 
servative repair in prevention of rerup 
ture. 21 Generally, a patient who 
undergoes open repair wears a short leg 
cast that keeps the foot in gravity equi 
nus for 3 weeks, followed by a short leg 
cast applied with less plantar flexion for 
an additional 3 weeks. A short leg walk 
ing cast is then applied 6 weeks postop 
eratively, and weight bearing is initiated. 
After cast removal, a heel lift is used for 
another 12 weeks. Rehabilitation begins 
following removal of the case and con 
sists of range-of-motion exercises and 
progressive resistance exercises to im 
prove plantar flexion, dorsiflexion, ever- 
sion, and inversion of the ankle.2

Marti and Weber18 first described the 
idea of functional treatment after Achil 
les tendon repair. Their postoperative 
treatment included immobilizing the foot 
in a relaxed equinus position until the 
postoperative dressing was removed. 
Once removed, the patient was instructed 
to actively move the ankle to achieve 
0°on ankle dorsiflexion. A short leg cast 
was applied with the ankle in neutral po 
sition and maintained for approximately 
6 weeks. After cast removal, activity was
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allowed as tolerated with no treatment 
recommended.

More recently, Carter4 introduced 
postoperative treatment with a functional 
orthosis rather than routine cast immobi 
lization in compliant, motivated patients. 
This orthosis allowed unrestricted plan 
tar flexion and limited dorsiflexion to 
neutral. Toe-touch weight-bearing crutch 
ambulation was allowed immediately 
and was gradually increased over the 
next 6 to 8 weeks of treatment.

In our case, early nonweight-bearing 
range-of-motion and strengthening exer 
cises of the ankle and the repaired mus 
cle unit was allowed 4 weeks postoper- 
atively under supervision. Closed-chain 
ankle dorsiflexion was allowed at 4 
weeks. Casts and ankle-foot orthoses 
were used to continue protection of the 
area from accident and full body weight 
forces as the repaired muscle continued 
to heal.

As shown by this study, range-of- 
motion and strengthening exercises can 
be initiated at an earlier stage in the treat 
ment program while protecting the re 
pair. We believe that this treatment will 
provide excellent posttraumatic function

of the surgically repaired Achilles ten 
don in the motivated and compliant pa 
tient. However, this treatment may not 
be appropriate for an unreliable, unmoti- 
vated patient.
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Abstract: The purpose of this study 
was to determine the relationship be 
tween the rehabilitation adherence of 
athletes and their self-reported assess 
ment of six variables that might influence 
rehabilitation adherence: pain, support 
from others, exertion, scheduling, moti 
vation, and environment. Each of 44 Di 
vision II athletes sustained a musculo- 
skeletal injury and was placed on a 
rehabilitation program. Adherence to the 
program was measured by attendance at 
and participation in scheduled rehabili 
tation sessions. Each athlete was classi 
fied as adherent (n = 27) or nonadherent 
(n — 17). Pain and support were signif 
icantly correlated to adherence. Pain 
and support from others were signifi 
cantly different between the adherent and 
nonadherent groups. Principal compo 
nents analysis was also performed and 
confirmed the t-test results that pain and 
support are the only subscales strongly 
associated with adherence scores. We 
conclude that controlling pain and pro 
viding emotional support is associated 
with sport rehabilitation adherence.
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ehabilitation adherence after 
musculoskeletal injuries is fre- 

uently a challenge for the health 
care professional. The clinician, whether 
an athletic trainer or a physical therapist, 
schedules patients for rehabilitation ses 
sions. Not all patients, however, keep 
their appointments and participate fully 
in the rehabilitation session. Moreover, 
there is a paucity of literature concerning 
adherence to rehabilitation programs in 
the athletic training environment. 4 ' 5 
Most literature about adherence concerns 
cardiac rehabilitation. 1 ' 10' 13

Only three studies have dealt with re 
habilitation adherence in the athletic 
training environment. 5"7 Therefore, ad 
ditional research is needed to examine 
variables affecting athletic rehabilitation 
adherence. Consequently, the purpose of 
this study was to determine which of the 
following variables: 1) perceived exer 
tion level, 2) pain, 3) self-motivation, 4) 
support from significant other, 5) sched 
uling, and 6) environmental conditions, 
are related to rehabilitation adherence.

A number of variables facilitate adher 
ence to an exercise regimen.9 These in 
clude: age, sex, socioeconomic status, in 
tellectual and educational level, medical 
knowledge, acceptance or denial of ill 
ness, time from onset of illness, memory 
of patient, self-motivation, and exercise 
goal-setting.9 In addition, over 200 vari 
ables have been reported that affect ad 
herence due to physiological, medical, 
and psychological reasons. 12 Thus, exer 
cise adherence is a complex issue for the 
clinician and researcher.

Many factors are thought to influence 
adherence. One factor is reinforcement. 
Positive reinforcement from health or 
exercise professionals, peers, and family 
facilitates rehabilitation adherence and is 
important for continued participation in 
the rehabilitation program.3 A second 
factor is patient education. The educa 
tional component ensures that the athlete 
understands the nature of the injury, the 
treatment protocol, and the progression 
of recovery.2 A third factor is input from 
the athlete. Participation of the athlete 
promotes a sense of control and should 
help with the athlete's dedication to the 
future.2 A fourth factor is self-confi 
dence. Self-confidence entails the athlete 
believing that a task can be completed, 
taking charge of the task, and completing 
the task.4'5 Fisher et al4 ' 5 reported that 
self-confidence is the main factor in re 
habilitation adherence. A fifth factor is 
social support. The support given to the 
athlete from the clinician, coach, team 
mate, and others closely associated with 
the athlete can improve adherence to the 
rehabilitation program.4' 8

Even with the information available, 
no one has been able to predict adher 
ence to exercise or rehabilitation pro 
grams. High self-motivation has been re 
ported to predict adherence but not 
dropout rate. 3 Self-motivated individuals 
are also more likely to continue an exer 
cise program without supervision. 3 How 
ever, neither personality traits nor demo 
graphic variables are useful predictors of 
adherent behavior.4'5

Methods
Forty-four Division II collegiate ath 

letes, 5 women and 39 men between the 
ages of 17 and 25, were studied. Of these 
subjects, 31 participated in football, 4 in 
men's basketball, 2 each in wrestling, 
women's basketball, and volleyball, and 
one each in soccer, tennis, and swim 
ming. The sample of subjects was one of 
convenience, meaning that the athletes 
were readily available to the researchers 
due to the nature of the study. For inclu 
sion in the study, the athletes must have 
1) sustained a musculoskeletal injury, 2) 
been evaluated by an athletic trainer, and 
3) been scheduled for a rehabilitation 
program. Athletes' length of rehabilita 
tion ranged from 2 to 32 days.
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Adherence and Participation Score
Each athlete in the study came to the 

training room for evaluation of a muscu- 
loskeletal injury resulting from involve 
ment in Division II athletics. One of 
three certified athletic trainers performed 
the initial evaluation and scheduled the 
athlete for a specific number of rehabil 
itation sessions per week. Daily atten 
dance records were kept. When the ath 
lete passed a functional test and returned 
to sport, he/she was discharged.

The athlete could attain a score of two 
points for each day's attendance. The 
first point was given for attendance at 
each scheduled rehabilitation session. A 
zero was given if he/she did not attend 
the rehabilitation session. In addition, a 
second point was awarded for participa 
tion. This was a subjective rating as 
signed by the athletic trainer. One point 
was given for completing 100% of the 
prescribed exercises, three-quarters of a 
point was given for completing 75% of 
the prescribed exercises, one-half point 
was given for completing 50% of the 
prescribed exercises, and one-quarter of 
a point was given for completing 25% of 
the prescribed exercises.

Although this scoring was subjective, 
it was an attempt to differentiate between 
those who participated in their rehabili 
tation and those who attended and did 
not participate in their rehabilitation pro 
gram. Daily scores were kept and aver 
aged across sessions for each athlete to 
produce a single adherence score with a

maximum score of 2.0 if the athlete at 
tended and participated fully in each 
scheduled rehabilitation session. Ath 
letes were divided into two groups based 
on adherence scores: athletes with scores 
of 1.75 to 2.0 were labeled adherent; 
those with scores of less than 1.75 were 
labeled nonadherent.

Questionnaire
Each athlete completed a question 

naire at the conclusion of the rehabilita 
tion period. The questionnaire, devel 
oped by Fisher and colleagues, consisted 
of 40 four-foil (strongly agree, agree, 
disagree, strongly disagree) Likert-scale 
items. Each item was coded numerically, 
with the most positive response coded as 
"4" and the least positive response coded 
as "1". The 40 items were collapsed into 
six subscales thought to represent the 
personal and situational factors encoun 
tered in the rehabilitation process. These 
subscales included perceived exertion 
level (2 items), pain (11 items), self- 
motivation (8 items), support from others 
(10 items), scheduling (6 items), and en 
vironmental conditions (3 items). Table 
1 presents a representative item and its 
scoring for each of the six subscales rep 
resented within the questionnaire. The 
average score for each subscale was then 
calculated by adding the scores for the 
items in each scale and dividing by the 
number of items in the subscale. Thus, 
the average score for each subscale 
ranged from 1 to 4, with 4 representing

Table 1.—Sample Questionnaire Items and Scoring

Perceived Exertion: I nearly always work
at 100% effort.
Pain Tolerance: My rehabilitation program
was physically painful.
Self-motivation: I enjoyed doing my
rehabilitation program.
Support from others: I found rehabilitation
to be very lonely and isolating
Scheduling: My rehabilitation program
took up too much of my time.
Environmental Conditions: The training
room makes me nervous.

SA

(4)

(1)

(4)

(1)

(1)

(1)

A

(3)

(2)

(3)

(2)

(2)

(2)

D

(2)

(3)

(2)

(3)

(3)

(3)

SD

(D

(4)

(D

(4)

(4)

(4)

SA = Strongly Agree.
A = Agree.
D = Disagree.
SD = Strongly Disagree.

the most positive responses to the sub- 
scale.

Data Analysis
Independent Mests were performed to 

determine whether there were significant 
differences between adherent and nonad 
herent athletes for the six subscales. The 
probability level was set at .05 for each 
test. To provide us with a sense of the 
relationships between variables, we then 
calculated Pearson product-moment cor 
relations between the adherence score 
and the six subscales. To further examine 
the interrelationships among the adher 
ence score and the six subscales, a prin 
cipal components analysis with varimax 
rotation was performed. 14 This analysis 
identifies groups of highly related vari 
ables (factors) that are relatively unre 
lated to other factors. 14

Results
Twenty-seven adherent athletes (at 

tendance and participation scores from 
1.75 and 2.00) and 17 nonadherent ath 
letes (attendance and participation scores 
of less than 1.75) were identified. Group 
means, standard deviations, and /-test re 
sults for six subscales are reported in Ta 
ble 2. The adherent group reported sig 
nificantly lower levels of pain (t = 
-2.38, p = .022) and significantly 
higher levels of support from others (t = 
2.66, p = .011), than the nonadherent 
group.

Table 3 shows the correlation matrix 
for the adherence score and the six sub- 
scores. The correlations confirm the re 
sults of the Mests in that pain and sup 
port from others are the only subscores 
that are significantly correlated with the 
adherence score. Squaring a correlation 
coefficient gives the coefficient of deter 
mination, which indicates the proportion 
of variability in one score that can be 
attributed to variations in the other score. 
Thus, the pain subscale accounts for ap 
proximately 16% of the variability in ad 
herence scores and the support from oth 
ers subscale accounts for approximately 
15% of the variability in adherence 
scores. In addition, the subscores of self- 
motivation, environment, and scheduling 
are significantly related to one another, 
with coefficients of determination of 
52% (scheduling and self-motivation),
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Table 2.—Differences Between Adherent and Nonadherent Groups

Group

Score or
Subscore

Scheduling
Pain
Exertion
Support
Motivation
Environment

Adherent
(Mean ± SD)

2.98 ± .49
2.69 ± .25
3.07 ± .47
2.68 ± .31
2.92 ± .43
3.09 ± .58

Nonadherent
(Mean ± SD)

2.90 ± .50
2.89 ± .31
2.79 ± .47
2.42 ± .31
2.79 ± .40
3.29 ± .47

t

.52
-2.38

1.91
2.66

.98
-1.16

P
.609
.02*
.06
.01*
.33
.25

* Statistically significant at .05.

Table 3.—Correlations Between Adherence Scores and Subscores

Pain
Support 
Exertion
Scheduling 
Motivation
Environment
Adherence

Pain

-.1260
.1788
.2410 
.1215
.1274

-.4026**

Support

.3281*

.0204 

.2434

.2005

.3907**

Exertion

.2813 

.2385
-.0209

.1527

Scheduling Motivation

.7220**

.4072** .3804*

.1467 .1774

Environment

.0943

*p < .05. 
**p < .01.

17% (scheduling and environment), and 
14% (self-motivation and environment). 
The only other statistically significant 
finding is that perceived exertion and 
support from others are significantly cor 
related to one another, with one variable 
accounting for approximately 11% of the 
variability in the other.

Because simple correlation techniques 
can only examine two variables at a time, 
we used a third data analysis technique, 
principal components analysis, to exam 
ine more complex interrelationships 
among variables. Principal components 
analysis identified three factors with eig 
envalues above 1.0. Factor loadings for 
these three factors are shown in Table 4. 
Factor I, which accounted for 33.1% of 
the variability in the data set, consisted 
of the scheduling, self-motivation, and 
environment subscales. Factor II, which 
accounted for 23.6% of the variability in 
the data set, consisted of the adherence 
scores and the pain and support sub- 
scores. Factor III, which accounted for 
15.3% of the variability within the data 
set, consisted of the perceived exertion 
subscale. This analysis confirms the t- 
test results, in that pain and support are 
the only subscales strongly associated 
with adherence scores. It also confirms

Table 4.—Factor Analysis Results 
(Rotated Factor Matrix)

Variable
Factors*

i n in
Scheduling .8396
Motivation .8306
Environment .7611
Adherence
Pain
Support
Exertion

.8327
-.7538

.5917
.9081

* Factor loadings of .45 and above are 
reported.

the correlation results, in that the sched 
uling, self-motivation, and environment 
subscores clustered together as a single 
factor.

Discussion

Support From Others
Some researchers believe that people 

will adhere to a rehabilitation program if 
emotional support is received.3 There ap 
pears to be a positive relationship be 
tween social support and adher 
ence. 8 ' 10- 11 All three statistical analyses 
in our study supported a relationship be 
tween rehabilitation adherence and sup

port from others. This finding agrees 
with Fisher et al,5 who reported that sup 
port from others was the most significant 
variable in differentiating between adher 
ent and nonadherent athletes. Comments 
made by the athletes to the primary re 
searcher indicate they are not happy 
when their teammates do not show sup 
port for them. In a survey, 60% of the 
athletes rated teammates' support as im 
portant to adherence. 6 Social support 
from others may promote adherence by 
providing an individual with feelings of 
success. 10 This support from others may 
be received from the athletic trainer, 
teammate, coach, or significant other. 
Given the consistent relationship be 
tween adherence and support from others 
identified in this and other studies, we 
recommend that clinicians consider ways 
to maximize the support that injured ath 
letes receive from others.

Pain Tolerance
The more pain experienced in the re 

habilitation process, the less adherent the 
person was. This statement agrees with 
Fisher et al5 who reported that adherent 
athletes can probably reduce pain, 
whereas nonadherent athletes may am 
plify pain. Therefore, a person's re 
sponse to pain can influence adherence. 
An athlete's pain response may be influ 
enced by: 1) emotional arousal, 2) moti 
vational drive, and 3) cognition.5 There 
fore, the clinician needs to recognize the 
athlete's pain and instruct the athlete on 
techniques of how to cope with pain.5

Clinicians should consider ways to 
minimize pain during rehabilitation. Ath 
letes who experience pain during reha 
bilitation are more likely to be nonadher 
ent. The athlete needs to be educated 
about the amount and type of pain that 
may be expected with the rehabilitation 
program. For example, exertion pain 
should be differentiated from pain result 
ing from an inflamed joint. In a survey 
performed by Fisher,6 94% of the ath 
letes responded that pain must be inter 
preted correctly. The athlete needs to un 
derstand the difference between pain that 
may be detrimental and pain that is un 
avoidable, because some pain will more 
than likely be experienced during reha 
bilitation.

Therefore, a major component in the 
rehabilitation program should be pain
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control. Modalities may be implemented 
for pain control. Dissociation, another 
pain-control technique, eliminates the fo 
cus on pain by having the patient con 
centrate on other activities, such as 
breathing.4 In summary, rehabilitation 
programs should be based on pain-free 
progressions and techniques that control 
and minimize pain. Athletes should rate 
their pain during rehabilitation so that 
the clinician can modify rehabilitation 
based on their pain level.

Perceived Exertion
Both adherent and nonadherent ath 

letes rated perceived exertion similarly, 
with the adherent group being slightly 
higher. This is in contrast with Fisher et 
al,5 who reported that adherent athletes 
perceived they worked harder at their re 
habilitation than the nonadherent ath 
letes.

Scheduling
Our results were in contrast to Fisher 

et al5 who reported scheduling to be an 
important distinction between adherent 
and nonadherent athletes. However, 
Fisher did not state the hours the athletic 
training room was available to the ath 
letes. The training room in this study 
may have had hours more amenable to 
the athlete. Also, appointments for reha 
bilitation sessions were made for specific 
times that were conducive to the ath 
lete's schedule. The importance of con 
venient scheduling is supported by 95% 
of the athletes who responded to a survey 
indicating that rehabilitation schedules 
should be compatible with their sched 
ules.6

Self-Motivation
Again, our results were in contrast to 

Fisher et al5 who reported that adherent 
athletes had increased self-motivation 
compared to nonadherent athletes. Self- 
motivated individuals do not allow dis 
tractions such as inconvenient schedul 
ing or lack of support from others to 
deter them from attending rehabilitation 
sessions. Athletes should be sufficiently

self-motivated to complete the rehabili 
tation program in order to return to their 
sport.

Environmental Conditions
Our results agreed with Fisher et al,5 

who reported that environmental condi 
tions were the least significant variable 
in determining adherence. The environ 
ment should fit the needs of the athlete. 
This relates to the variable of scheduling 
and also to support from others. If the 
athletic training room is too busy, the 
athlete cannot receive individualized at 
tention. When surveyed, 56% of the Cer 
tified Athletic Trainers7 and 74% of the 
athletes6 believe training room environ 
ment affects rehabilitation adherence.6' 7 
However, 95% of the Certified Athletic 
Trainers believed that convenience and 
accessibility of the rehabilitation facility 
affected adherence.7

Future Research
The results of this study only report 

one specific athletic training environ 
ment. Therefore, caution should be used 
in generalizing these results to other en 
vironments. We do believe, however, 
that our statements concerning pain and 
support from others are appropriate and 
in agreement with Fisher et al. 5 In addi 
tion, the small number of subjects pre 
cluded the use of multivariate analysis of 
variance techniques. We compensated 
for this by using three different statistical 
approaches (Mest, Pearson product mo 
ment correlation, and principal compo 
nent analysis) appropriate to our sample 
size. Each analysis yielded conclusions 
consistent with the other analyses.

Since our results differ from Fisher in 
the relationship of perceived exertion, 
self-motivation, and scheduling, these 
areas should be studied further. Although 
pain and support from others have been 
consistently related to adherence in this 
study and in the work of Fisher, the effect 
on adherence of reducing pain or increas 
ing support has not been studied experi 
mentally. Future research might attempt 
to manipulate pain or support from oth

ers to see if predicted differences in ad 
herence result.

Conclusion
The results of this study indicate that 

pain should be controlled to achieve bet 
ter adherence to rehabilitation programs. 
In addition, athletes who received sup 
port from others were found to be more 
adherent. Therefore, the clinician should 
implement pain control strategies with 
the athlete and educate the athlete about 
the role of pain in the rehabilitation pro 
cess. Secondly, the clinician should dem 
onstrate support to the athlete and en 
courage peers and coaches to support the 
injured athlete. Overall, the clinician 
needs to educate the athlete concerning 
all aspects of the rehabilitation program.

Acknowledgment
We would like to thank Dr. A. Craig 
Fisher for the use of his questionnaire.

References
1. Andrew G, Parker JO. Factors related to dropout of 

postmyocardial infarction patients from exercise 
programs. Med Sci Sports Exerc. 1 979; 11:376- 
378.

2. DePalma M, DePalma M. The use of instruction 
and the behavioral approach to facilitate injury re 
habilitation. Athl Train, JNATA. 1989;24:217-219.

3. Dishman R. Exercise adherence: a new view for 
public health. Phys Sportsmed. May 1986; 14: 1 27- 
143.

4. Fisher AC. Adherence to sports injury rehabilita 
tion programmes. Sports Med. 1990;9:151-158.

5. Fisher AC, Domm MA, Wuest DA. Adherence to 
sports-injury rehabilitation programs. Phys 
Sportsmed. Jul 1988; 16:7:47-51.

6. Fisher AC, Hoisington LL. Injured athletes' atti 
tudes and judgments toward rehabilitation adher 
ence. J Athl Train. 1993;28:48-54.

7. Fisher AC, Mullins SA, Frye PA. Athletic trainers' 
attitudes and judgments of injured athletes' reha 
bilitation adherence. JAM Train. 1993;28:43-47.

8. Fisher AC, Scriber KC, Matheny ML, Alderman 
MH, Bitting LA. Enhancing athletic injury rehabil 
itation adherence. J Athl Train. 1993;28:3I2-318.

9. Ice R. Long term adherence. Phys Ther. 1985;65: 
1832-1839.

10. Levy R. Social support and adherence: a selective 
review and critique of treatment integrity and out 
come measurement. Soc Sci Med. 1983; 17:1329- 
1338.

11. Martin J, Dubbert P. Adherence to exercise. Exerc 
Sport Sci Rev. 1985;13:137-167.

12. Meichenbaum D, Turk DC. Facilitating Treatment 
Adherence. New York, NY: Plenum Publishing; 
1987:111-134.

13. Oldridge N. Compliance of postmyocardial infarc 
tion patients to exercise programs. Med Sci Sports 
Exerc. 1979;! 1:373-375.

14. Tabachnick B, Fidell L. Using Multivariate Statis 
tics. New York, NY: Harper & Row Publishers; 
1989:597-600.

Journal of Athletic Training 355



New from Mosby!
New!
ESSENTIALS OF ATHLETIC TRAINING
3rd Edition 
Daniel D. Arnheim
November 1994 ISBN 0-8151-0300-X $39.95 (Softcover); ISBN 0-8151- 
0301-8 $41.95 (Hardcover)

[More concise than the classic text PRINCIPLES OF ATHLETIC TRAINING, 
ESSENTIALS provides sound coverage of the basic principles for 
prevention and care of athletic injuries. Clear writing, logical 

organization, helpful pedagogy, and two-color artwork make this 
book very popular in the fields of coaching and physical education.

New.'
THERAPEUTIC MODALITIES IN SPORTS MEDICINE
3rd Edition 
William E. Prentice
August 1994 ISBN 0-8016-7922-2 $49.95 
This definitive resource thoroughly addresses how and why therapeutic 
modalities are best used in rehabilitation of sports injuries. Content 
covers the full range of therapeutic modalities, including physiological 

basis, clinical applications, and techniques.

New!
LABORATORY MANUAL
TO ACCOMPANY THERAPEUTIC MODALITIES IN
SPORTS MEDICINE
William Quillen and Frank Underwood 
September 1994 ISBN 0-8016-7921-4 $19.95 
Designed to complement William Prentice's THERAPEUTIC MODALITIES 
IN SPORTS MEDICINE, this all-new laboratory manual guides the reader 
step-by-step through modalities presented in the main text. Focusing on 
practical skills for applying physical agent modalities, content includes a 
description, physiological effects, indications, and contraindications for 
each modality in an easy-to-use checklist format.

New!
ATHLETIC TRAINING MANAGEMENT:
CONCEPTS AND APPLICATIONS
James Rankin and Christopher Ingersoll 
March 1995 ISBN 0-8016-7698-3 $39.95 
This innovative text addresses a broad range of management issues and 
concerns in the field of athletic training and sports medicine. The authors 
discuss timely topics, ranging from managing change and conflict adjust 
ment to important considerations for selecting a computer.

All-new video series!
SPORTS MEDICINE EVALUATION
VIDEO SERIES
Kenneth Wright and Gary Harrelson
October 1994 ISBN 0-8151-9436-6 Individual videos $29.95;
Entire set $179.95
This all-new, expertly produced video series provides in-depth coverage of
the important evaluation techniques and tests that athletic training students
must master to become certified.
1. The Ankle and Lower Leg (0-8151-9443-9)
2. The Elbow (0-8151-9446-3)
3. The Knee (0-8151-9444-7)
4. The Shoulder (0-8151-9445-5)
5. The Wrist and Hand (0-8151-9447-1)
6. The Thorax (0-8151-9449-8)
7. The Abdomen (0-8151-9448-X)

To order, call 800-633-6699. 
In Canada, call 800-268-4178. 
We look forward to hearing 
from you soon.

Mosby



Functional Thumb Taping 
Procedure

Richard G. Deivert, PhD, ATC

The hand is man's prime tool. It 
is remarkably well designed to 
provide sensibility, mobility, 

and strength sufficient for an almost 
infinite number of tasks. 5 The joints, 
though designed for stability and mo 
bility, remain vulnerable to extremes 
of external force often experienced in 
athletics. Protecting an injured 
thumb while permitting the range of 
motion demands of sports is very 
challenging for the athletic trainer.

Rigid splints are impractical and 
sometimes dangerous in athletic 
competition and neoprene spicas 
provide only generic support. Tradi 
tional checkrein and spica taping pro 
cedures are not as effective because 
they limit function of the hand.

The following procedure was de 
veloped to provide support to the lig- 
amentous structure of the thumb 
without interfering with necessary 
function. The keys to this proce 
dure's success are that very little 
tape is applied on the palmar surface 
of the hand, no tape spans the width 
of the hand, minimal tape crosses the 
wrist joint, and a variation of the con 
ventional thumb spica is used. This 
technique is effective in protecting 
the metacarpophalangeal (MP) joint 
while maintaining a full range of mo 
tion that can be used in sports where 
freedom of movement and protection 
are essential.

Supplies
1. Soap and water
2. Razor

Richard G. Deivert is Director of The Lip- 
scomb Clinic Foundation for Research 
and Education at Saint Thomas Medical 
Plaza, 10th Floor, 4230 Harding Road, in 
Nashville, TN 37205.

3. Tape adherent
4. One roll of 1-1/2" athletic tape
5. One roll of 1/2" athletic tape

Preparing the Area
1. Clean the hand and wrist with 

soap and water.
2. Shave the wrist and dorsal surface 

of the thumb.
3. Apply adherent to the wrist and 

palmar surface of the thumb over 
the thenar eminence up to the in- 
terphalangeal (IP) joint.

4. Allow time for the adherent to dry 
and become tacky.

Steps in Taping Procedure
1. Apply a continuous anchor strip 

to the wrist using 1-1/2" tape.
2. Apply an anchor strip just distal to 

the IP joint of thumb using 1/2" 
tape, leaving the fingernail and 
fingertip exposed. Anchoring dis- 
tally provides additional leverage 
without covering the tactile sur 
face of the thumb (Fig 1).

3. Shake the athlete's hand, posi 
tioning the hand in a functional 
position necessary for most sports 
and activities (Fig 2).

4. Apply two to three splint strips 
along the thenar eminence using 
1/2" tape, overlapping by half (Fig

Fig 2.—Placing hand in functional po 
sition.

3). A modification of this step in 
volves applying the strips to the 
lateral and/or dorsal surfaces to 
meet the demands of a particular 
sport. A 1-inch strip of moleskin 
or a turf toe strap may be used if 
additional support is desired.

5. Apply an anchor strip just distal to 
the IP joint of the thumb using 1/2" 
tape, leaving the fingernail and 
fingertip exposed (Fig 3).

6. Prepare two "V" strips of tape. 
Begin with two 12- to 14-inch-long 
pieces of 1-1/2" tape and make a 1" 
incomplete tear in the middle of 
each. This piece is called a "V" 
strip because the tear creates a 
"V" in the tape (Fig 4).

7. Apply the first "V" strip, bisect 
ing the webbing between the 
thumb and index finger, stabiliz 
ing the MP joint (Figs 5 and 6).

8. The second "V" strip should be 
placed slightly higher once again, 
overlapping by half (Fig 7).

9. Apply a close off strip of 1-1/2" 
tape encapsulating the top of the 
thumb running distal to proximal 
(Fig 8).

Fig 1.—Anchor at wrist and distal to 
IP joint of thumb.

Fig 3.—Application of splint strips 
and distal anchor leaving fingernail 
and fingertip exposed.
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Fig 4.—Appearance of "V" strip be 
fore application.

Fig 5.—Application of first "V" strip.

Fig 6.—Dorsal appearance of "V" 
strip before application.

10. Finally, close-off the wrist, an 
choring the "V" strips with 
1-1/2" tape (Figs 9 and 10). 

Some athletic trainers may prefer 
using elastic tape to perform contin 
uous closing distal to proximal, re 
placing steps 9 and 10. It is easier to 
disassemble this procedure in re 
verse than to attempt to cut about the 
thumb with bandage scissors or a 
tape cutter. Athletes can easily learn 
to disassemble it as well.

Discussion
Injuries to the hand and fingers are 

quite common in athletic activi 
ties.2'6'7 The phalanges, particularly 
the thumb, are prone to sprains

Fig 7.—Application of second "V" 
strip, overlapping by half.

Fig 8.—Close-off strip encapsulating 
top of thumb.

Fig 9.—Close-off and anchoring of 
"V" strips at wrist.

caused by a blow delivered to the top 
or by a violent twist. Thumb mecha 
nism of injury is usually a forceful ab 
duction of the proximal phalanx, 
which occasionally combines with hy- 
perextension. 1 '2 Injuries to the ulnar 
aspect of the thumb have been esti 
mated to occur about ten times more 
frequently than radial injuries, 7 the 
most common injury being the ulnar 
collateral ligament sprain. 1 '5 ' 10 ' 12 - 13 
The stability of this joint is derived 
from the ulnar collateral ligament and 
the related musculotendinous inser 
tion into the base of the proximal pha 
lanx. This injury is frequently under 
estimated because there is usually

Fig 10.—Palmar view of completed 
taping procedure.

only moderate local discomfort and no 
major deformity.

Because of its role in opposition 
and gripping, an injured thumb can 
easily sideline an athlete for several 
days. This injury, in most cases re 
sponding well to conservative treat 
ment, occurs mostly in tackle foot 
ball players, soccer goal keepers, 
skiers, wrestlers, and baseball play 
ers. Tape protection is offered for all 
future activities that might injure the 
thumb again. 8

A few authors have described tap 
ing procedures for the fingers3 and 
variations on thumb taping. 4 - 9 - n 
Other thumb taping procedures that 
either increase protection or limit 
use 11 including a checkrein, which is 
not functional and somewhat dan 
gerous9 ' 11 ; anchoring the thumb 
proximally to the phalangeal joint4 ; 
or encapsulating or "pancaking" 
the entire hand, which greatly limits 
function. 6 '9 Rigid splints inhibit nor 
mal use of the hand and thumb and 
are impractical for some activities. 
Neoprene spicas provide imprecise 
support. The technique presented in 
this paper uses the broad "V" strip, 
providing excellent support to the 
MP joint without pinching, binding, 
or compromising comfort. Many 
athletes participating in a wide vari 
ety of sports have been pleased with 
this functional thumb taping tech 
nique.
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A bstracts

Bocchinfuso C, Sitler MR, Kimura IF. 
Effects of two semirigid prophylactic 
ankle stabilizers on speed, agility, and 
vertical jump. J Sports Rehabil 1994; 
3:124-134.

The purpose of this study was to com 
pare the effects of two semirigid prophy 
lactic ankle stabilizers on vertical jump, 
80-ft sprint, shuttle run, and four-point 
run performance. Eight male and seven 
female high school basketball players, 
who denied prior ankle injury and pro 
phylactic ankle stabilizer experience, 
completed the four performance events 
under the conditions of Active Ankle 
Training Brace, Aircast SportStirrup, 
and nonbraced control. Data analysis 
consisted of four 1 X 3 Analysis of Vari 
ance (ANOVAs) with repeated measures 
on the independent variable of brace 
condition. Results of the analysis re 
vealed no significant differences among 
the experimental conditions for any of 
the performance events tested. In conclu 
sion, the Active Ankle Training Brace 
and Aircast SportStirrup did not facili 
tate or adversely affect performance in 
volving speed, agility, and vertical jump 
of high school basketball players.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Worrell TW, Ingersoll CD, Farr J. Ef 
fect of patellar taping and bracing on 
patellar position: an MRI case study. J 
Sport Rehabil 1994;3:146-153.

The purpose of this case study was to 
determine the effect of patellar taping, 
patellar bracing, and control condition 
on: a) patellofemoral congruence angle 
(PFC), b) lateral patellar angle (LPA), c) 
lateral patellar displacement (LPD), and 
d) pain, as determined by the visual an 
alog scale (VAS) during an 8-inch step- 
down. The subject was a 15-year-old fe 
male with a 3-year history of recurrent 
patellar subluxations and anterior knee 
pain syndrome. Results revealed the fol 
lowing: control conditionPFC 41.4-1.1°,

LPA 19.6-6.9°, LPD 118.6-8.3 mm, 
VAS 8.8 cm; tapePFC 46.2-2.3°, LPA 
25.1-2.9°, LPD 24.2-7.5 mm, VAS 0.8 
cm; bracePFC 3.4-16.5°, LPA 7.9-.080 , 
LPD 9.4-4.7 mm, VAS 0.3 cm. Patellar 
bracing was effective in centralizing the 
patella as revealed by the PFC, LPA, and 
LPD measures; however, patellar taping 
did not improve patellar position, and, in 
some positions, taping actually worsened 
patellar position. A large reduction in 
pain as measured by the VAS occurred 
during an 8-inch step-down for both tap 
ing and bracing. More research is neces 
sary to explain the pain reduction with 
out a change in patellar position using 
tape.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Rivera J. Open versus closed kinetic 
chain rehabilitation of the lower ex 
tremity: a functional and biomechani- 
cal analysis. J Sports Rehabil. 1994;3: 
154-167.

Closed kinetic chain and functional 
rehabilitation have received increased at 
tention lately in the rehabilitation com 
munity. The purpose of this paper is to 
review biomechanical considerations ap 
plicable to the lower extremity, in a way 
that clearly justifies the use of function 
ally sound rehabilitation exercises. The 
origin of the kinetic chain concept is re 
viewed, and the differences in biome 
chanical events in the foot, ankle, and 
knee under open- versus closed-chain 
conditions are described. An analysis of 
these biomechanical events supports the 
notion that function results from the in 
tegration of muscles and joints to 
achieve desired outcomes. This leads to 
the conclusion that rehabilitation exer 
cise, in order to be functional, must de 
mand integration of muscular activity, 
must be of a closed kinetic chain nature, 
and must challenge the use of normal 
proprioceptive mechanics. Guidelines 
for the practical application of these 
principles are clearly outlined and exam-

Clint Thompson, MS, ATC

pies of functional activities are described. 
Readers are encouraged to explore cre 
ative and challenging approaches to 
help clients achieve their highest level 
of function.

Reprinted with permission of the 
Journal of Sports Rehabilitation.

lannoti JP. Full thickness rotator cuff 
tears: factors affecting surgical out 
come. J Am Acad Orthop Surg. 1994; 
2:87-95.

Disorders of the rotator cuff constitute 
the most common source of shoulder 
pain. This article reviews the preopera- 
tive evaluation of full-thickness rotator 
cuff tears, the surgical management of 
primary rotator cuff repair, and the fac 
tors that influence the postoperative 
functional outcome. The presence of pre- 
injury rotator cuff symptoms correlates 
with the degree of tendon generation and 
can be an important factor in predicting 
the outcome of surgical management. 
The primary goal of surgical intervention 
for the vast majority of patients with ro 
tator cuff tears is to decrease pain, in 
cluding rest pain, night pain, and pain 
with activities of daily living. Additional 
goals of surgery are to improve shoulder 
function and to limit the progression of 
rotator cuff tendinopathy. With a few ex 
ceptions, all optative procedures de 
scribed in the recent literature for pri 
mary repairs of the chronic rotator cuff 
tears include the use of an anteroinferior 
acromioplasty to provide adequate de 
compression of the subacromial space. 
The overall clinical results with respect 
to shoulder pain have been reported to be 
satisfactory in 85% to 95% of patients 
who have undergone open repair of full- 
thickness tears. Analysis of the 7- to 15- 
year follow-up of patients who under 
went primary rotator cuff repair 
demonstrates maintenance of satisfac 
tory clinical results without significant 
deterioration of function or recurrence of 
shoulder pain. The principles of arthro- 
scopically assisted rotator cuff repair and
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subacromial decompression are the same 
as those of open procedures. The re 
cently reported results of arthroscopi- 
cally assisted techniques have been fa 
vorable. However, the results are not 
directly comparable with the results of 
traditional open surgery because studies 
involving open techniques include larger 
numbers of patients, many of whom have 
large chronic tears requiring extensive 
soft tissue mobilization. Clinical evalua 
tion of patients with full-thickness rota 
tor cuff tears can define many of the 
prognostic factors that influence the 
long-term functional outcome of rotator 
cuff repair.

Mike Sullivan MS, ATC
The Center for Hip and Knee Surgery

Mooresville, IN

Newman, AP, Manaster BJ, Bean BG. 
Clinically equivocal knee injuries in 
athletes efficacy of MRI. Am J Knee 
Surg. 1994;7:42-48.

An injury to an athlete's knees, partic 
ularly during his or her competitive sea 
son, requires urgent and appropriate

care. Occasionally, magnetic resonance 
imaging (MRI) may be necessary to fa 
cilitate an accurate diagnosis. Meniscal 
tears or possible meniscus lesions repre 
sent a different set of challenges. MRI 
has the potential to help in the early man 
agement of this particular set of patients 
with a relatively immediate "need to 
know" the quickest route to resolution 
of their problem. This study was under 
taken to determine whether early MRI is 
of benefit in the treatment of competitive 
athletes with clinically equivocal knee 
injuries. The study group consisted of 27 
athletes involved in intercollegiate sports 
at the University of Utah. These athletes 
had bilateral knee problems resulting in a 
total of 30 knees included in the study. 
There were 20 men and 7 women, with a 
mean age of 20.6 years. This was not a 
consecutive series of athletes, as only 
certain knee problems were deemed suit 
able for inclusion in the study. All pa 
tients underwent imaging using a single 
1.5 T GE Signa system with the standard 
GE extremity coil. The pre-MRI clinical 
assessment was then combined with the 
MRI finding, and the treatment plan was 
modified according to either arthroscopic

surgery of a course of nonoperative treat 
ment. The influence of the MRI on the 
athlete's eventual course was judged as 
positive or negative according to an al 
gorithm. Analysis of the cases showed 
that the accuracy rate was lower than is 
generally reported in the literature; this 
can be explained by the nonconsecutive 
and unique nature of the study popula 
tion. In this study, MRI was helpful in 
the management of 77% of this specific 
group of patients. The results of this 
study emphasize the importance of using 
selectivity in increasing the cost effec 
tiveness of MRI. The patient's clinical 
condition is the most important factor in 
fluencing the decision to proceed to ar- 
throscopy, and a negative MRI in the 
face of persistent symptoms should not 
necessarily mandate against arthroscopy. 
This study found that, with certain limi 
tations, MRI can be helpful for many 
athletes with acute knee injuries and 
clinically suspected, but equivocal, me- 
niscal lesions.

Mike Sullivan MS, ATC
The Center for Hip and Knee Surgery

Mooresville, IN
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Koury MJ, Scarpelli E. A manual 
therapy approach to evaluation and 
treatment of a patient with a chronic 
lumbar nerve root irritation. Phys 
Ther. 1994;74:548-560. Review arti 
cle: 36 refs.

The purpose of this case report is to 
familiarize the reader with the basic prin 
ciples of the approach to manual therapy 
evaluation and treatment pioneered by 
Maitland, an Australian physical thera 
pist. This approach involves a complete 
subjective examination to determine the 
severity, irritability, nature, and stage of 
the patient's complaints. In this way, the 
therapist may reach conclusions as to the 
amount and vigor of the physical exam 
ination and proceed with treatment in an 
analytical manner. Methodical reassess 
ment is used to justify treatment progres 
sion. Comprehensive treatment and the 
rationale for this approach are discussed. 
Although most physical therapists are fa 
miliar with the straight-leg-raising test as 
a means of assessing low back pain and 
chronic lumbar nerve root irritation, they 
are often not familiar with other tests that 
examine neural tissues, such as the 
slump test. The proposed anatomical and 
biomechanical bases for these tests are 
discussed. The patient in this case study 
was a 50-year-old man with a physi 
cian's diagnosis of a chronic lumbar 
nerve root irritation. The patient was 
evaluated and treated in eight visits using 
techniques designed to evaluate neural 
tissues. Reassessment indicated signifi 
cant symptom reduction, and the treat 
ment was modified accordingly. Patient 
management, including home exercises, 
is discussed.

Reprinted from Physical Therapy with
the permission of the American

Physical Therapy Association.

Harrison EL, Duenkel N, Dunlop R, 
Russell G. Evaluation of single-leg 
standing following anterior cruciate 
ligament surgery and rehabilitation. 
Phys Ther. 1994;74:245-252.

BACKGROUND AND PURPOSE. 
Although surgical reconstruction of the 
anterior cruciate ligament (ACL) is com 
monly performed to increase stability of

the knee, persistent changes in neuro- 
muscular function have frequently been 
cited as contributing to disability. This 
study investigated single-leg standing 
balance in a sample of patients 10 to 18 
months following reconstructive ACL 
surgery. In addition, the effect of leg 
dominance on standing balance was an 
alyzed in a sample of subjects without 
knee injury. The validity and interrater 
reliability of a clinical method of mea 
suring balance using observation were 
also determined. SUBJECTS. Seventy- 
eight subjects without knee injury and 17 
patients following ACL surgery partici 
pated in the study after they had been 
screened for balance disorders. METH 
ODS. Postural sway measurements were 
recorded during single-leg standing with 
the subjects' eyes open and closed. Si 
multaneously, two physical therapists 
graded each subject's performance using 
a simple ordinal scale. RESULTS. No 
differences were found between the dom 
inant and nondominant legs of the sub 
jects without knee injury or between the 
involved and noninvolved legs of the pa 
tients who had undergone ACL surgery. 
The interrater reliability was high, but 
limited concurrent validity was found. 
CONCLUSION AND DISCUSSION. 
The findings suggest that single-leg 
standing balance can be reliably evalu 
ated by physical therapists. The single- 
leg standing balance test, however, may 
not provide information that assists cli 
nicians in determining clinical change or 
functional level for patients following re 
habilitation for ACL surgery.

Reprinted from Physical Therapy with
the permission of the American

Physical Therapy Association.

Sinacore DR, Bander BL, Delitto A. 
Recovery from a 1-minute bout of fa 
tiguing exercise: characteristics, reli 
ability, and responsiveness. Phys Ther. 
1994;74:234-241; discussion 241-244.

BACKGROUND AND PURPOSE.
The purposes of this study were: 1) to 
describe the characteristics of recovery 
of peak torque after a 1-minute bout of 
isokinetic exercise of the quadriceps 
femoris muscle, 2) to determine the 
short-term reliability of the recovery of

peak torque, and 3) to determine whether 
the recovery of peak torque more closely 
associates with maximal endurance exer 
cise capacity than does the decline in 
peak torque at the end of the fatigue test. 
SUBJECTS. Thirty-three nondisabled 
subjects, ranging in age from 23 to 34 
years (27 ± 3.4 yr), participated in the 
reliability portion (phase 1) of the study. 
A different group of 21 nondisabled sub 
jects, ranging in age from 21 to 47 years 
(27.5 ± 5.2 yr), participated in the cor 
relational portion (phase 2) of the study. 
METHODS. The short-term reliability of 
percentage of decline in peak torque and 
recovery of peak torque was assessed in 
phase 1. Each subject performed two 
quadriceps femoris muscle fatigue tests 
(test-retest) on an isokinetic dynamome 
ter. In phase 2, each subject performed a 
single fatigue test and a test of maximal 
oxygen uptake (Vo2max) to examine the 
relationships between Vo2max and per 
centage of decline in peak torque at the 
end of the fatigue test and recovery of 
peak torque. RESULTS. Intraclass cor 
relation coefficient values at every 30- 
second interval during recovery were ac 
ceptable (ICC = .67-.87), indicating 
recovery of peak torque is a consistent 
measure of quadriceps femoris muscle 
performance. A high negative correlation 
(r = —.84) was found between the per 
centage of decline at 30 seconds of re 
covery and Vo2max, but a lower nega 
tive correlation (r = —.48) was found 
between the percentage of decline in 
torque at the end of the fatigue test and 
Vo2max. CONCLUSION AND DIS 
CUSSION. These results suggest that re 
covery of peak torque is a reliable mea 
sure of muscle performance and closely 
associates with maximal aerobic exercise 
capacity.

Reprinted from Physical Therapy with
the permission of the American

Physical Therapy Association.
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Rijke AM, Perrin DH, Goitz HT, Mc- 
Cue FC III. Instrumented arthrom- 
etry for diagnosing partial versus 
complete anterior cruciate ligament 
tears. Am J Sports Med. 1994;22:294- 
298.

Nineteen patients with the clinical di 
agnosis of anterior cruciate ligament in 
jury were examined by KT-1000 ar- 
thrometry before arthroscopy in an effort 
to differentiate partial from complete 
tears. To this end, the KT-1000 arthrom- 
eter was equipped with a strain gauge 
and processor that permitted the required 
force to increase the anterior displace 
ment by 1-mm increments, to be read on 
a light-emitting diode. The measured 
force has been plotted against anterior 
displacement expressed in nonlinear in 
crements along the x axis to allow for the 
viscoelastic nature of the ligament. The 
results show that stress-strain diagrams 
of partially torn and completely torn lig 
aments are similar to those obtained by 
graded stress radiography. Using arthro 
scopy as the standard of measurement, 
partial tears can be differentiated from 
complete tears with a sensitivity of 80% 
and a specificity of 100%. The figures for 
complete tears versus partial tears are 
100% and 80%, respectively. Graded ar- 
thrometry with x-y recording of the 
force-displacement relationship that al 
lows for the viscoelastic qualities of lig 
ament further extends the capabilities of 
instrumented arthrometry.

Reprinted with permission from
The American Journal of

Sports Medicine.

Lane JG, Irby SE, Kaufman K, Rang- 
ger C, Daniel DM. The anterior cruci 
ate ligament in controlling axial rota 
tion. An evaluation of its effect. Am J 
Sports Med. 1994;22:289-293.

Changes in axial tibial rotation after 
anterior cruciate ligament sectioning 
were evaluated in 14 fresh human knee 
joints. Simulation of vertical stance in a 
quadriceps-stabilized knee was per 
formed. Internal and external rotational 
torques were applied before and after an 
terior cruciate ligament sectioning. Pivot 
shift tests were done in the intact and

anterior cruciate ligament sectioned 
knee. Results of pivot shift tests were all 
negative before sectioning and positive 
after isolated sectioning. No significant 
change in axial rotation occurred be 
tween the intact and sectioned knee for 
external rotation (p = .24) or internal 
rotation (p = .12). Presence of a load at 
the femoral housing in both the intact 
and ligament-sectioned knees caused a 
significant change in external rotation ( p 
< .0001). No significant change was 
noted in internal rotation between loaded 
and unloaded states (p = .70). Total tib 
ial rotation in the intact knee was noted 
to vary between 31° at 0° of flexion and 
42° at 60° of flexion. These results sug 
gest that the anterior cruciate ligament 
does not play a significant role in limit 
ing axial rotation and that rotational in 
stability is not a major factor after iso 
lated anterior cruciate ligament rupture.

Reprinted with permission from
The American Journal of

Sports Medicine.

Montgomery WH III, Pink M, Perry 
J. Electromyographic analysis of hip 
and knee musculature during running. 
Am J Sports Med. 1994;22:272-278.

The purpose of this study was to de 
scribe the firing pattern of 11 hip and 
knee muscles during running. Thirty rec 
reational runners volunteered to run at 
three different paces with indwelling 
electromyographic electrodes while be 
ing filmed at 100 frames/s. Results dem 
onstrated that medial and lateral vasti 
muscles acted together for knee exten 
sion during terminal swing and loading 
response, possibly providing a patella 
stabilizing role. The vastus intermedius 
muscle functioned with the other vasti, 
plus eccentrically controlled knee flexion 
during swing phase. The rectus femoris 
muscle fired with the vastus intermedius 
muscle and assisted the iliacus muscle 
with hip flexion. The hamstrings fired 
primarily to eccentrically control hip 
flexion. The adductor magnus, tensor 
fascia lata, and gluteus maximus muscles 
afforded pelvic stabilization while assist 
ing with hip flexion and extension. For 
ward propulsion was provided mainly by 
hip flexion and knee extension, which is

contrary to the view that posterior calf 
muscles provide propulsion during toe- 
off. Faster running paces lead to in 
creased activity in the muscles. This may 
lead to more injuries, primarily in the 
muscles that were contracting eccentri 
cally.

Reprinted with permission from
The American Journal of

Sports Medicine.

Jonhagen S, Nemeth G, Eriksson E. 
Hamstring injuries in sprinters. The 
role of concentric and eccentric ham 
string muscle strength and flexibility. 
Am J Sports Med. 1994;22:262-266.

Eleven sprinters with recent hamstring 
injuries were compared with nine unin 
jured runners. The flexibility of the ham 
strings and the eccentric and concentric 
muscle torque were measured in the 
hamstrings and quadriceps muscles at 
different angular velocities. Sprinters 
with a previous hamstring injury had sig 
nificantly tighter hamstrings than did un 
injured sprinters. The uninjured sprinters 
had significantly higher eccentric ham 
string torques at all angular velocities. 
They also had significantly higher con 
centric quadriceps and hamstring torques 
at 30°/s but not at higher velocities. 
Sprinters with a history of hamstring in 
jury thus differed from uninjured run 
ners, being weaker in eccentric contrac 
tions and in concentric contractions at 
low velocities.

Reprinted with permission from
The American Journal of

Sports Medicine.

Johnson AW, Weiss CB Jr, Wheeler 
DL. Stress fractures of the femoral 
shaft in athletes more common than 
expected. A new clinical test. Am J 
Sports Med. 1994;22:248-256.

Athletes from 20 Division I AA col 
legiate varsity sports and one club sport 
were followed carefully for the develop 
ment of stress fractures during the 1990 
to 1991 and the 1991 to 1992 academic 
years. During this period, among 914 
athletes, 34 stress fractures were sus-
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tained. Seven of these, or 20.6%, were of 
the femoral shaft. This represents a much 
higher incidence than previously ob 
served in athletes. A new clinical test is 
described that significantly aids in the 
early diagnosis and follow-up treatment 
of femoral shaft stress fractures.

Reprinted with permission from
The American Journal of

Sports Medicine.

Feuerbach JW, Grabiner MD, Koh 
TJ, Weiker GG. Effect of an ankle or- 
thosis and ankle ligament anesthesia 
on ankle joint proprioception. Am J 
Sports Med. 1994;22:223-229.

The purposes of this study were to de 
termine the effect of a rigid ankle ortho- 
sis (Aircast Air-Stirrup) and lateral ankle 
ligament anesthesia on ankle joint pro 
prioception. Twelve noninjured subjects 
attempted to match nine reference ankle 
joint positions with their eyes closed be 
fore and after application of the ankle 
brace and before and after one or two of 
the lateral ankle ligaments (anterior talo- 
fibular and calcaneofibular) were anes 
thetized. Three-dimensional ankle joint 
orientations were recorded with a Mo 
tion Analysis system. No significant dif 
ferences in the constant, variable, or ab 
solute error were seen between subjects 
in the nonanesthetized and anesthetized 
conditions (p > .05), regardless of 
whether one or two ligaments were anes 
thetized. Thus, it appears that ligament 
mechanoreceptors contributed little to 
ankle joint proprioception, and that the 
afferent feedback from skin, muscle, and 
other joint receptors was adequate for the 
positioning task of the present study. 
Both the variable and absolute error in 
matching the reference positions were 
significantly less with the orthosis than 
without it ( p < .05). Application of an 
orthosis may increase the afferent feed 
back from cutaneous receptors in the 
foot and shank, which may in turn lead to 
an improved ankle joint position sense.

Reprinted with permission from
The American Journal of

Sports Medicine.

LaPrade RF, Burnett QM II. Femoral 
intercondylar notch stenosis and cor 
relation to anterior cruciate ligament 
injuries. A prospective study. Am J 
Sports Med. 1994;22:198-202; discus 
sion 203.

To evaluate the possible relationship 
between femoral intercondylar notch 
stenosis and anterior cruciate ligament 
injuries in pivoting and cutting sports, 
a 2-year prospective study was per 
formed on intercollegiate athletes at a 
Division I university. Daily practice 
times and athlete participation in prac 
tices and games were recorded for each 
sport during the 2-year period. Bilat 
eral intercondylar notch view radio 
graphs were taken of all athletes en 
rolled in the study. The notch width 
index, a ratio that measures the width 
of the anterior outlet of the intercondy 
lar notch divided by the total condylar 
width at the level of the popliteal 
groove, was measured for each knee. A 
total of 213 athletes, representing 415 
anterior cruciate ligament-intact knees, 
were enrolled in the study. There were 
seven anterior cruciate ligament tears. 
Statistical analysis demonstrated a cor 
relation between femoral intercondylar 
notch stenosis and anterior cruciate lig 
ament injuries. No statistical difference 
was found between the sex of the ath 
lete and notch width indices or rate of 
anterior cruciate ligament tears. Ath 
letes with intercondylar notch stenosis 
appear to be at increased risk for non- 
contact anterior cruciate ligament inju 
ries.

Reprinted with permission from
The American Journal of

Sports Medicine.

Speer KP, Hannafin JA, Altchek DW, 
Warren RF. An evaluation of the 
shoulder relocation test. Am J Sports 
Med. 1994;22:177-183.

The purpose of this study was to 
evaluate the sensitivity, specificity, 
negative and positive predictive val 
ues, and accuracy of the shoulder relo 
cation test in 100 patients who under 
went shoulder surgery. Based on 
operative data and examination under

anesthesia, the diagnoses were grouped 
into six categories: anterior instability 
(without cuff disease), posterior insta 
bility, rotator cuff disease (without as 
sociated anterior instability), acromio- 
clavicular disorder, osteoarthrosis, and 
instability of the biceps tendon. The 
test was performed on the day of sur 
gery by placing the arm in a position of 
90° of humerothoracic abduction and 
90° of external rotation (90°/90°). Pa 
tient responses of pain and apprehen 
sion (considered separately) were as 
sessed in this position both with and 
without application of an anterior force 
to the proximal humerus. The reloca 
tion test assessed diminution of pain 
and apprehension after application of a 
posteriorly directed force to the proxi 
mal humerus relative to the position of 
90°/90° alone and to the position of an 
anterior force being applied to the 
proximal humerus. Overall, 63 patients 
reported pain with 90°/90°; 74 reported 
pain when an anterior force to the 
proximal humerus was applied: the an 
terior instability group alone had 46 
and 63 reports of pain, respectively; 
the rotator cuff group alone had 82 and 
88 reports of pain, respectively. The 
only positive responses for apprehen 
sion were in the anterior instability 
group, of which 63% had apprehension 
with 90°/90° alone and 74 had appre 
hension when an anterior humeral 
force was applied.

Reprinted with permission from
The American Journal of

Sports Medicine.

Reynen PD, Clancy WG Jr. Cervical 
spine injury, hockey helmets, and face 
masks. Am J Sports Med. 1994;22:167- 
170. Review article: 44 refs.

Over the past 30 years, hockey players 
have begun wearing helmets and face 
masks. Cervical spine injury, with an in 
cidence of 15 cases per year, began to be 
reported in the 1980s. Cervical spine 
trauma had not been reported before 
then. A review of the literature seems to 
substantiate a consensus of opinion that 
the style of play that is allowed a player 
with head protection may actually in-
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crease the chances of cervical spinal 
trauma.

Reprinted with permission from
The American Journal of

Sports Medicine.

Meyer SA, Schulte KR, Callaghan JJ, 
et al. Cervical spinal stenosis and 
stingers in collegiate football players. 
Am J Sports Med. 1994;22:158-166.

We evaluated the relationship of cer 
vical spinal stenosis with the occurrence 
of stingers in collegiate football players 
who participated at our institution from 
1987 through 1991. Preparticipation cer 
vical spine radiographs of 266 players 
were used to measure Torg ratio. Forty 
players with stingers were identified: 34 
had an extension-compression mecha 
nism; 6 had a brachial plexus stretch 
mechanism. Time-loss neck injuries oc 
curred in 31 players; the remaining 195 
players were asymptomatic. The mean 
Torg ratio was significantly smaller for 
the stinger group (p — .02). The Torg 
ratio was less than .8 at one or more lev 
els in 47.5% of the stinger group, 32.3% 
of the time-loss neck pain group, and 
25.1% of the asymptomatic group. No 
player with a brachial plexus stretch 
mechanism had a mean Torg ratio less 
than .8, but 20.6% of the players with an 
extension-compression mechanism had a 
mean Torg ratio of less than .8. Players 
with a Torg ratio of less than .8 had three 
times the risk of incurring stingers. We 
conclude that cervical spinal stenosis in 
creases the risk of having stingers with 
complicated clinical courses.

Reprinted with permission from
The American Journal of

Sports Medicine.

Wojtys EM, Huston LJ. Neuromuscu- 
lar performance in normal and ante 
rior cruciate ligament-deficient lower 
extremities. Am J Sports Med. 1994;22: 
89-104. Review article: 84 refs.

The neuromuscular function of the 
lower extremity in 40 normal and 100

anterior cruciate ligament-deficient vol 
unteers was evaluated by physical exam 
ination, KT-1000 arthrometer measure 
ments, isokinetic strength and endurance 
testing, subjective functional assessment, 
and an anterior tibial translation stress 
test. A specially designed apparatus de 
livered an anteriorly directed step force 
to the posterior aspect of the leg while 
anterior tibial translation was monitored 
and electromyographic signals were re 
corded at the medial and lateral quadri 
ceps, medial and lateral hamstrings, and 
gastrocnemius muscles. Testing was 
done at 30° of knee flexion with the foot 
fixed to a scale to monitor weight bear 
ing, while the tibia remained uncon 
strained. Results indicate that muscle 
timing and recruitment order in response 
to anterior tibial translation are affected 
by anterior cruciate ligament injury. 
These alterations in muscle performance 
change with time from injury, correlate 
with an individual's physical activity 
level, affect subjective functional param 
eters, and are directly related to the de 
gree of dynamic anterior tibial laxity 
seen with stress testing.

Reprinted with permission from
The American Journal of

Sports Medicine.

Eiff MP, Smith AT, Smith GE. Early 
mobilization versus immobilization in 
the treatment of lateral ankle sprains. 
Am J Sports Med. 1994;22:83-88.

We conducted a prospective trial at a 
military medical center to determine 
which treatment for first-time ankle 
sprains, early mobilization or immobili 
zation, is more effective. Eighty-two pa 
tients with a lateral ankle sprain were 
randomly selected for one of two treat 
ment groups. The early mobilization 
group received an elastic wrap for 2 days 
followed by functional bracing for 8 
days. Two days after injury, this group 
began weight-bearing and an ankle reha 
bilitation program. Patients in the immo 
bilization group were placed in a non- 
weight-bearing plaster splint for 10 days 
followed by weight-bearing and the 
same rehabilitation program. Patients in

the early mobilization group had less 
pain at 3 weeks (57% versus 87%, p = 
.02); otherwise, there were no significant 
differences between groups in the fre 
quency of residual symptoms. Only one 
patient in each group had residual symp 
toms 1 year after injury. Three patients 
(8%) in each group resprained their an 
kles. Ten days after injury, patients in the 
early mobilization group were more 
likely to be back to full work (54% ver 
sus 13%, p < .001). We conclude that in 
first-time lateral ankle sprains, although 
both immobilization and early mobiliza 
tion prevent late residual symptoms and 
ankle instability, early mobilization al 
lows earlier return to work and may be 
more comfortable for patients.

Reprinted with permission from
The American Journal of

Sports Medicine.

Shapiro MS, Kabo JM, Mitchell PW, 
Loren G, Tsenter M. Ankle sprain 
prophylaxis: an analysis of the stabi 
lizing effects of braces and tape. Am J 
Sports Med. 1994;22:78-82.

Five cadaveric ankles were used to de 
termine the effects of prophylactic brac 
ing and tape on resisting an inversion 
movement applied to the ankle. The an 
kles were tested in neutral flexion and 
30° of plantar flexion and with both low- 
and high-top shoes. Eight different 
strap-on braces were studied. High-top 
sneakers significantly increased the pas 
sive resistance to inversion afforded by 
all braces and tape. Many of the braces 
functioned to resist inversion at a level 
that was comparable with or exceeded 
the capability of freshly applied tape. 
This finding was independent of the type 
of footwear. Braces that were not as ef 
fective as freshly applied tape, but nev 
ertheless retained the advantage over 
tape in that they could be easily read 
justed and their effectiveness restored, 
whereas the quality of the support pro 
vided with tape deteriorated with usage.

Reprinted with permission from
The American Journal of

Sports Medicine.
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Albright JP, Powell JW, Smith W, et 
al. Medial collateral ligament knee 
sprains in college football. Brace wear 
preferences and injury risk [see com 
ments]. Am J Sports Med. 1994;22:2- 
11. Comment in: Am J Sports Med. 
1994;22:1.

In this prospective, multi-institutional 
analysis of medial collateral ligament 
sprains in college football players, we 
categorized 987 previously uninjured 
study subjects according to frequency of 
wearing preventive knee braces, studied 
the patterns by which 47 of 100 injuries 
occurred to unbraced knees, and identi 
fied several extrinsic, sport-specific risk 
factors shared for both braced and un 
braced knees. The attendance, brace 
wear choice, position, string, and session 
of each participant were recorded daily; 
medial collateral ligament sprains were 
reported whenever tissue damage was 
confirmed. Both the likelihood of wear 
ing braces and risk of injury without 
them were highly dependent on session 
(games/practices), position group (line, 
linebacker/tight end, skill), and string 
group (players/nonplayers). Subjects 
wearing braces often faced a high injury 
risk to their unbraced knees, a finding 
compatible with the opinion that braces

were a necessary evil, best worn when 
concern over danger of injury out 
weighed desire for speed and agility. It is 
concluded that to avoid misinterpreta 
tions due to the confounding influence of 
brace wear selection bias, accurate inves 
tigation of daily brace wear patterns is 
required. Then, before considering the 
impact of preventive knee braces, a 
repartitioning of the data base is essential 
to ensure that only similar groups will be 
compared.

Reprinted with permission from
The American Journal of

Sports Medicine.

Albright JP, Powell JW, Smith W, et 
al. Medial collateral ligament knee 
sprains in college football. Effective 
ness of preventive braces [see com 
ments]. Am J Sports Med. 1994;22:12- 
18. Comment in: Am J Sports Med. 
1994;22:1.

This is the second of two articles on a 
3-year investigation of medial collateral 
ligament sprains of the knee to assess the 
effectiveness of prophylactic knee braces 
in NCAA Division I college football

players. Position, string, type of session, 
and daily brace wear were recorded. The 
injury rates for braced and unbraced 
knees were used to create an incidence 
density ratio. The data were stratified and 
simultaneously controlled for position, 
string, and session, and evaluated for 
their statistical significance. The 987 Big 
Ten players generated 155,772 knee ex 
posures over the study period (50% 
braced). Noticeable differences existed in 
the rates of injury for the braced and un 
braced knees in almost every position 
during practices, depending on player or 
nonplayer status. When the influential 
factors of position, string, and session 
are considered, there is a consistent but 
not statistically significant tendency for 
the players wearing preventive knee 
braces to experience a lower injury rate 
than for their unbraced counterparts. For 
starters and substitutes in the line posi 
tions, as well as for the linebackers and 
tight ends, there was a consistent trend 
toward a lower injury rate in both prac 
tices and games. The braced players in the 
skill positions (backs/kickers), at least dur 
ing games, exhibited a higher injury rate.

Reprinted with permission from
The American Journal of

Sports Medicine.
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Evaluation, Treatment and Prevention 
of Musculoskeletal Disorders, 3rd Edi 
tion, Volume 1—Spine 
Editors: Saunders HD, Saunders R 
Educational Opportunities 
Bloomington, MN 
1993
396 pages, illustrated 
ISBN: 1-879190-06-0 
Price: $59.95

The purpose of this text is to further 
expand and detail information from the 
second edition of Evaluation, Treatment 
and Prevention of Musculoskeletal Dis 
orders relating specifically to the spine. 
In the third edition, information has been 
updated and reorganized into Volume 
1—Spine and Volume 2—Extremities. 
The major focus of this text is to improve 
the problem-solving skills of the reader 
through providing a common sense ap 
proach to evaluation and treatment inter 
vention.

Volume 1 is divided into four sections 
and fourteen chapters. Section 1 contains 
general evaluation techniques and other 
introductory material. Neural Tension 
Tests are an intriguing addition to the 
usual material. Section 2, Evaluation of

the Cervical and Upper Thoracic Spine, 
has changed very little from the second 
edition. Section 3 includes Chapters 5 
through 13 and is really the innovative 
portion of this text. Chapters 5 and 6 pro 
vide the reader with two different ap 
proaches to treatment, one based on the 
assessment and the other based on the 
problems that are identified. Chapter 7 is 
an excellent focus on common pelvic 
girdle dysfunctions. Evaluation and man 
agement of the TMJ are presented in 
Chapter 8. This information has changed 
very little from the first and second edi 
tions. Chapters 9 through 13 discuss joint 
mobilizations, spinal traction, spinal or- 
thoses, exercises, and rehabilitation. The 
book concludes with Chapter 14, which 
includes preventive philosophy and tech 
niques for industry.

The real strength of this book is that 
it tries to teach you to think, problem- 
solve, and understand. Chapter 7 is a 
must for those of us who struggle to 
truly understand the pelvic girdle. 
Throughout the text, the organization 
and open-minded philosophy is as "re 
freshing" as the authors intended. Soft

tissue and neural tension releases, mus 
cle energy, and joint mobilization tech 
niques and movement facilitation are 
all presented and discussed objectively 
and appropriately.

The only minor weakness of this text 
is in its presentation of manual muscle 
testing. Most of the illustrations are not 
up to the standards set by Kendall and 
McCreary. The majority fail to demon 
strate basic fixation when the test is ap 
plied.

Volume 1—Spine accomplishes what 
it intended. It is similar in many ways to 
the first and second edition, but it is also 
significantly improved. This text is less 
like a cookbook and is written more spe 
cifically for physical therapists than are 
most other evaluation and treatment 
texts.

I would highly recommend this text 
for all athletic trainers and physical ther 
apists who wish to develop a problem- 
solving approach to understanding and 
treating the spine. It would be an excel 
lent text for undergraduate or graduate 
courses that are clinically oriented.

Bob Stahara, ATC, PT
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TheraPro™: A New Injury 
Management and Sports Medical 
Software Application

TheraPro™, a powerful, integrated 
software program from CAP Sports Re 
search, is designed to support the sports 
medical professional by providing high 
quality medical documentation, injury 
management, and treatment and rehabil 
itation tracking. TheraPro is the first 
component in the CAP Pro Series™, a 
powerful suite of software applications 
that will also include exercise prescrip 
tion, strength and conditioning, and 
physical testing and measurement.

TheraPro provides a complete injury 
recording system that you can configure. 
Injury statistics can be customized sport 
by sport, creating a powerful research 
and statistical database that you can use 
to extract and analyze injury data. Thera 
Pro also uses a unique user-definable 
template system for rapidly producing 
SOAP notes and patient evaluations. Ex 
amination templates can be created by 
body part, increasing both the speed of 
data entry and thoroughness of medical 
records. An unlimited number of body 
parts and injury diagnoses can be asso 
ciated with a single injury case. The sys 
tem provides full, yet optional, support 
for the ICD-9 diagnosis coding system.

Treatment tracking has been designed 
to provide a rapid data entry system. 
Complete patient progress notes and in 
dividual modalities can be recorded for 
each treatment session. Treatments can 
also be entered for patients with no open

injury cases, ensuring that all treatments 
rendered can be documented. TheraPro 
supports CPT procedure codes.

TheraPro also provides a comprehen 
sive athlete/patient database including 
multiple addresses per patient, unlimited 
emergency contacts and insurance carri 
ers, multiple sports per athlete, a com 
plete referrals/contact management sys 
tem, medical histories, and personal 
physician data. An on-line Help and Se 
curity system makes the system easy to 
use and protects sensitive medical 
records.

The CAP Pro Series runs on Windows 
and Macintosh computers. For more in 
formation on TheraPro, call 1-800-883- 
1330 or write to CAP Sports Research, 
1401 Hawthorne Terrace, Berkeley, CA 
94708-1803.

CYBEX Introduces the 
Multi-Column for Clinical Strength 
Development

The Multi-Column, a unique combi 
nation of a pressing station and a cable 
station connected to a single weight 
stack, offers clinicians complete open 
and closed chain exercises in an easy-to- 
use, space-efficient package.

The Multi-Column can be used to 
train virtually all major body parts, with 
special emphasis on the upper body. The 
adjustable pulley on the column allows 
the pulley height to be positioned for 
precise alignment with the patient's body 
and tailored to individual exercise pat 
terns. The addition of a pressing station 
allows total body conditioning without 
moving from machine to machine.

"The Multi-Column was developed in 
response to the increasing need for 
strength training equipment designed 
specifically for the Rehabilitation market 
that is functional, versatile, and effi 
cient," said Greg Highsmith, Strength 
Systems Product Manager for CYBEX. 
"The Multi-Column is a cost-eflFective 
investment that is safe and effective for 
rehabilitation, work conditioning, and 
sports-specific training."

To increase ease of operation, the 
Multi-Column requires no cable

changes, enabling clinicians to perform 
pattern "set-ups" in a matter of seconds. 
Additionally, the Multi-Column provides 
the functionality of at least six traditional 
single stations, to offer clinicians all of 
the exercises of a standard cable station, 
with the added benefit of a pressing sta 
tion for chest, shoulder, and incline 
presses.

The Multi-Column requires a mini 
mum amount of floor space, as it fits 
comfortably in a 9" X 8" area. Its unique 
design also allows the Multi-Column to 
be placed in a corner, freeing up valuable 
floor space.

Additionally, an adjustable bench, that 
is conveniently placed on wheels and 
easily movable for use throughout any 
facility, comes standard with the Multi- 
Column. The bench adjusts from flat to 
30°, 40°, 60°, and 80° for the flexibility 
of performing a variety of exercises with 
one bench.

"The unique design of the Multi- 
Column allows clinicians to perform un 
limited closed kinetic chain and func 
tional patterns with both concentric and 
eccentric loading," Highsmith continued. 
"Therefore, it easily accommodates both 
real life multijoint movements, as well as 
isolated joint exercises for patients".

For more information on the Multi- 
Column, or any CYBEX product, please 
contact CYBEX, 2100 Smithtown Ave, 
PO Box 9003, Ronkonkoma, LI, NY 
11779-9003; Tel: 1-800-645-5392. Fax 
516-585-9741.
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3M Active Strips Bandages With 
Extra Sticking Power for Damp or 
Perspiring Skin

3M Active Strips Flexible Foam ban 
dages, which provide excellent adhesion 
in challenging conditions such as for pa 
tients with diaphoretic or damp skin, are 
now available.

Unlike many conventional bandages 
that can curl up, fall off, or chafe the 
skin, 3M Active Strips bandages stretch 
and conform to the skin—making them 
ideal for protecting venipuncture sites, 
finger sticks, small surgical procedures, 
and minor wounds.

3M Active Strips bandages offer pa 
tient comfort and protection as well as 
excellent moisture resistance. Hypoaller- 
genic Active Strips bandages are easy to 
apply and provide adhesion around the 
wound to help keep dirt or other contam 
inants out of the site. Their soft, absor 
bent pads won't stick to wounds.

In addition to 3M Active Strips ban 
dages, 3M Health Care now offers 3M 
Flexible Fabric Adhesive bandages with 
a traditional fabric backing, and cosmet- 
ically pleasing 3M Sheer Adhesive ban 
dages.

Competitively priced, all three variet 
ies of bandages come in four sizes: 5/8" 
X 3" strip; 7/8" X 3" strip; 7/8" spot; and 
a 1-7/8" X 3-7/8" patch. The 3M Flexible 
Fabric bandages also are available in an 
H-shaped knuckle size.

The strip and knuckle bandages are 
packed 100 per box with 12 boxes per 
case. The spot bandages are packed 100 
per box, with 18 boxes per case. The 
large patch-sized bandages are packed 
50 per box with 18 boxes per case.

For more information, write to 3M 
Health Care, P.O. Box 33275, St. Paul, 
MN 55133-3275.

EnduraSplint2® Splinting System
EnduraSplint 2® offers the strength of 

fiberglass without the mess. The prepad- 
ded splints feature a soft polypropylene 
padding on the patient side with a low- 
profile back cover that allows easy "no 
gloves" handling. EnduraSplint 2 is 
available in both continuous rolls and 
pre-sized splints to expedite application, 
reduce handling, and eliminate waste.

EnduraSplint 2 Splinting System is in 
dicated for all trauma and secondary 
splinting applications where quick rigid 
immobilization is desired.

One-sided Polypropylene padding is 
"hydrophobic"; it sheds moisture faster 
and stays drier than open cell foam. 
"Breathability" is improved to reduce the 
possibility of maceration. The padded 
side provides a soft, comfortable surface, 
with superior protection from sharp 
edges. The nonpadded side is a protec 
tive barrier of nonwoven material lami 
nated to highly breathable DuPont® 
Hytrel®. One-sided padding makes a 
lighter, lower profile splint that dries 
more quickly. The 5-minute set time al 
lows enough time for working and mold 
ing the splint, yet the splint sets quickly 
enough to provide security, with less 
chance of wrinkles or other pressure ar 
eas. The seven-layer construction pro 
vides strength equivalent to other eight- 
layer splints, yet it's lighter in weight 
and more comfortable.

EnduraSplint 2 offers a choice of de 
livery in either precut splints or roll 
form. Presized, individually packaged 
splints are conveniently packaged in the 
most frequently needed sizes for fast "no 
fuss" application.

Continuous roll form splints are con 
tinuous 15 ft lengths of EnduraSplint 2 
splinting material in 2", 3", 4", 5", and 6" 
widths. Roll-form splints allow you to

cut the exact amount of material for each 
splinting application, improving adapt 
ability while reducing waste.

For more information, contact Cara 
pace, Inc., 12626 E. 60th St., Tulsa, 
Oklahoma 74146; Tel. 918-252-7266.

VHI Exercise and Rehabilitation 
Prescription Kit

Visual Health Information (VHI) has 
just produced a 1994 Update for the VHI 
Exercise & Rehabilitation Prescription 
Kit. This Update of 7 1 new exercises in 
cludes PNF, resistive band and tubing, 
lifting simulation, pushing and pulling 
simulation, cervical spine self-mobiliza 
tion, and much more. The Update has 
two special features: it comes housed in 
a large, new box designed to hold the 
entire VHI Kit, both updates, and many 
more cards. The second feature is a new 
Visual Index for quick reference. This 
index displays miniature versions of all 
the exercise illustrations. A fully revised 
text index is also included. Both indexes 
include the entire kit and both updates. 
Now you can choose exercises either by 
picture or text. This 1994 update contin 
ues the tradition of one-time purchase, 
giving rights to create and photocopy as 
many routines as are needed for patients. 
No reordering is necessary.

To order the 1994 Update (Price: 
$59.95), contact VHI, P.O. Box 44646, 
Dept. 939, Tacoma, WA 98444, Tel: 
1-800-356-0709, Ext 939.

Dynatronics' "50 Series," One 
Solution to Cost Containment

Dynatronics' new "50 Series," a line 
of electrotherapy and ultrasound equip 
ment, significantly decreases both the 
price and the size of the devices while 
still offering top-of-the-line features. 
This new product line provides all the 
state-of-the-art features customers have 
come to expect from Dynatronics, and, 
thanks to revolutionary technology, at 
nearly half the price of traditional top-of- 
the-line electrotherapy and ultrasound 
equipment.

Dynatronics calls this technology "mi- 
crosize technology," because not only do 
the 50 Series products cost far less, but 
also each device is substantially smaller, 
allowing the practitioner to take the 50 
Series anywhere—the clinic, the home or 
the hospital. The company first revolu-
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lionized the market in 1987 when Dyna- 
tronics was the first company to use micro 
processor technology in electrotherapy 
devices with the Dynatron 100 and Dyna- 
tron 500. With the 50 Series, Dynatronics 
has once again revolutionized the physical 
medicine marketplace.

The first of three new products com 
prising the 50 Series, the Dynatron 150 
portable ultrasound, was released in Feb 
ruary. The Dynatron 550 (interferential, 
microcurrent and muscle stimulation) 
and the Dynatron 850 (combining multi- 
frequency ultrasound with all the fea 
tures of the Dynatron 550) was released 
in August. Each unit has basically the 
same features of the Dynatron 300, 500, 
and 800, but the size is dramatically re 
duced. For example, you can fit two Dy 
natron 850s in less space than you could 
fit one Dynatron 800. The Dynatron 850 
also weighs one-third of the Dynatron 
800' s weight. The 50 Series has all the 
preferred features of the Dynatron 500 
and 800, such as multi-frequency ultra 
sound and the patented Target feature. 
Optional carrying cases and wall brack 
ets are available for each device in the 50 
Series.

Most features can be modified during 
treatment. With interferential treatment, 
you can change between Target and Tar 
get Sweep, and among High, Low, and 
High/Low Alternating. Russian and Bi- 
phasic allow you to treat with normal, 
co-contraction, or reciprocal modes at a 
variety of contraction/rest cycles and 
ramp speeds. Microcurrent gives practi 
tioners the capability to treat with either 
pads or probes and to change polarity of 
treatments.

With ultrasound, practitioners are able 
to use up to three frequencies (1,2, and 
3 MHz) on any of four different-size 
sound heads (1, 2, 5, or 10 cm2). Fre 
quency can be changed during treatment, 
along with duty cycles of 20%, 50%, and 
continuous. Power can also be modified 
in either watts/cm2 or watts/cm.

For more information on the new 50 
Series, contact the sales department at 
Dynatronics at 1-800-874-6251.

New Thero-Skin Gel Padding 
Moisturizes as It Protects

Thero-Skin, a new gel padding that 
moisturizes the skin by slowly releasing 
a medical-grade mineral oil, is available 
from Sammons, Inc, the company that 
introduced healthcare professionals to 
Thero-Gel™ brand protective gel pad 
dings.

Conventional moleskin and light foam 
paddings don't measure up to Thero- 
Skin. The thin gel padding—it's just 
1/32"—can be applied to splints and or- 
thotic materials before placing them in 
hot water to form.

But that's not all. Thero-Skin provides 
exceptional comfort. It conforms beauti 
fully to all body contours, effectively ab 
sorbing shock and eliminating friction. 
And because repeated washings won't 
affect its strength or moisturizing prop 
erties, Thero-Skin lasts up to 4 weeks. 
Available in handy, 36" rolls in two 
widths, it can be cut easily with scissors 
to fit any shape.

To order Thero-Skin, call Sammons at 
1-800-323-5547 or Fax 1-800-547-4333. 
In Canada, phone 1-800-665-9200 or 
Fax 613-392-4139. Specify Dept. F19, 
and #8339-01 for the 4"-wide roll or 
#8339-02 for an 8"-wide roll. (Free sam 
ples are available upon request).

Ferno Ille Model 918 Four-Pack 
InFerno™

Ferno Ille, a division of Ferno-Wash 
ington, Inc, announces the introduction 
of the Model 918, Four-Pack InFerno™, 
designed to heat packs used in moist- 
heat therapy.

The InFerno holds up to four hot 
packs, sized 10" X 12". In addition, it 
features a thermostatic control that per

mits variance of water temperature up to 
168°. Both the unit and the removable 
rack are constructed of satin-finish stain 
less steel, renowned for its sanitary qual 
ities and corrosion resistance.

Available accessories include Ultra- 
Pac Hot Packs in standard, cervical, and 
oversized sizes, Ultra-Pac covers in 
white or tan, and Sanizene® Hard Sur 
face Disinfectant.

For more information, contact Ferno- 
Washington, Inc, 70 Weil Way, Wilm- 
ington, OH 45177-9371, Tel: 513-382- 
1451, Fax 513-382-5724.

"Wraparound" Playmaker™ Knee 
Brace

Smith & Nephew DonJoy has intro 
duced a "Wraparound" version of the 
Playmaker™, the convertible, hinged 
neoprene brace designed for moderate 
instabilities of the knee.

The Playmaker is designed to provide 
medial/lateral support during the transi 
tion from the postop period to the activ 
ities of daily living. Especially suited for 
those who have trouble applying a 
sleeve-style or slip-on brace, the new 
Wraparound Playmaker allows adjust 
ment of the brace for a more custom-like 
feel. The IROM Playmaker is also suit 
able for use during rehab aqua therapy.

Introduced in 1992, DonJoy's Play- 
maker line is used by several thousand 
patients each year. The brace features 
1/4" or 1/8" neoprene, polycentric bar 
hinges or an IROM hinge, a variety of 
color options, popliteal, and patella do- 
nut versions. Dubbed the "Swiss Army 
Knife" of bracing, the Playmaker may be 
used with or without the IROM or 
polycentric hinges as the rehab process 
progresses.

For more information, contact Smith 
& Nephew DonJoy, Inc, 2777 Loker 
Ave. West, Carlsbad, CA 92008-60001; 
Tel: 1-800-336-5690.
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Circle the correct answer.
1. Orthotics:

a. are ineffective in altering com 
pensatory motions which result 
from abnormalities in the foot 
and lower extremity.

b. are beneficial for temporarily re 
ducing abnormal stresses while 
allowing involved structures to 
heal.

c. should not be used to encourage 
early weight-bearing in rehabili 
tation.

d. may be used in place of a reha 
bilitation program.

e. b and c.

2. In planning a closed kinetic chain
rehabilitation program, keep in
mind that:
a. the environment must deliver 

the expected biomechanical re 
sponse.

b. functional objective measure 
ment is unimportant.

c. the athlete's subjective reports 
should be considered.

d. All of the above.
e. a and c only.

3. Ways athletic trainers may be able 
to reduce the incidence of ACL in 
juries might include: 
a. orthotic devices to control knee

and foot motion, 
b. exercise.
c. preparticipation screening, 
d. All of the above, 
e. b and c only.

4. Rehabilitation for immobilized ju 
venile osteochondritis dissecans 
patients might include: 
a. cardiovascular exercises. 
b. stretching of every major muscle

group of the lower extremity, 
c. "four-way" straight leg raises, 
d. neuromuscular electrical stimula 

tion to the quadriceps and ham 
strings for coactivation contrac 
tion, 

e. All except b.

5. Leadership and management skills:
a. are not distinct from each other, 

yet vital to a successful and ef 
ficient athletic training room.

b. differ in that leadership is an in 
fluence relationship while man 
agement is an authority relation 
ship.

c. differ in that leadership is con 
cerned with development of your 
athletic training facility's mission, 
while management is not.

d. differ in that management is 
concerned with knowing your 
staff and how to apply people 
skills, while leadership is not.

e. Both b and c.

6. In assessing an athlete's potential risk 
for suicide, the athletic trainer would 
be wise to assess the athlete's: 
a. motivation, 
b. postinjury depression, 
c. coping methods, 
d. support system, 
e. All of the above.

7. A study in which tissues 3 cm deep
were precooled before ultrasound
treatment proved that:
a. precooling increased the peak 

temperature of the underlying tis 
sues when ultrasound was ap 
plied.

b. ultrasound failed to raise the tis 
sue temperature of the pre 
cooled area even back to pre- 
treatment baseline.

c. precooling superficial tissues 
raised tissue temperature; pre 
cooling deep tissue did not.

d. temperature of precooled tissue 
increased only during the first 2 
minutes of ultrasound.

e. None of the above.

8. Which of the following statements 
are true about thumb taping?

1. A checkrein is functional and 
not dangerous.

2. Some thumb taping proce 
dures and encapsulate the en 
tire hand and limit function.

3. Neoprine spicas provide im 
precise support.

4. Use of a broad "V" strip pro 
vides support to the MP joint 
without compromising com 
fort.

5. Rigid splints are practical and 
do not inhibit normal use of 
the hand and thumb.

a. 1, 2, and 3.
b. 2, 3, and 5.
c. 2, 3, and 4.
d. 3, 4, and 5.
e. 1, 2, and 4.

9. While contrast therapy (ie, repeated 
alternation of thermotherapy and 
cryotherapy) has been proposed for 
many uses, researchers claim that it 
is incapable of producing any signifi 
cant physiological effect on the intra 
muscular tissue temperature 1 cm be 
low the skin and subcutaneous 
tissue, 
a. True 
b. False

10. Types of conditions that might ben 
efit from a temporary orthotic in 
clude:
a. patellofemoral pain, 
b. acute inversion ankle sprains, 
c. metatarsalgia. 
d. posterior tibialis tendinitis. 
e. All of the above.

11. Spontaneous rupture of the Achilles 
tendon is: 
a. common, 
b. most commonly seen in men past

the age of 45 years, 
c. of unresolved specific etiology, 
d. definitely associated with chronic

degeneration in the tendon, 
e. None of the above.

12. Which of the following variables 
are most strongly associated with 
rehabilitation adherence?

1. perceived exertion level
2. pain
3. self-motivation
4. support from significant other
5. scheduling
6. environmental conditions 

a. 1 and 3 
b. 2 and 4 
c. 2, 3, and 4 
d. 2, 4, 5, and 6 
e. 1, 2, 3, and 4

13. Wilsons test for osteochondritis
dissecans:
a. is usually negative for adult pa 

tients.
b. demonstrates an increase of 

pain at 45° knee flexion if there 
is a lesion at the classical site.

c. demonstrates pain disappearing 
when the tibia is externally ro 
tated.

d. is a positive and confirming di 
agnosis and can be used with 
certainty without any other di 
agnostic tools.

e. Both b and c.

14. Ways to develop good manage 
ment skills include: 
a. develop a communication net 

work and a mission statement, 
b. develop job descriptions, yet 

leave enough latitude so the em 
ployee can exercise initiative and 
judgment.

c. develop a Policy and Proce 
dures Manual. 

d. All of the above, 
e. b and c only.

15. How can the clinician help to en 
courage rehabilitation adherence? 
a. Implement pain control strate 

gies with the athlete and educate 
the athlete about the role of pain 
in the rehabilitation process, 

b. Demonstrate support and en 
courage peers and coaches to 
support the athlete, 

c. Educate the athlete about all as 
pects of the rehabilitation pro 
gram.

d. All of the above, 
e. None of the above. There are 

too many variables affecting re 
habilitation adherence to tell.
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Basic Orthoses starting at $50 • Suppliers of Bio-foam Impression Trays

1-800-HOT-FOOT
7201 Friendship Rd. • Pittsville, MD 21850 • 410-835-3668 
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"Make that a Precision-Lite" "

In stock.
On-the-shelf,

No wait!

Poster available
1-800-222-8837

for details 
FAX 1-800-638-9795

Or write: LENOX HILL® Brace Company
11-20 43rd Road, Long Island City, NY 11101



Take AIM at sports injuries
With AIM™ Athletic Injury Management software 

you spend less time on injury records so you can spend 
more time helping athletes avoid injury. Like its predecessor, 

ALFIE, AIM has modules for physical data, injury reporting 
and daily treatment records. But it adds an athlete roster and 

an inventory control program. AIM PLUS adds modules for 
insurance and prescription records.

AIM is easy to use. "Point and click" mouse operation and 
pull down menus minimize data entry. And, AIM is affordable. In fact, 
AIM and AIM PLUS together cost less than ALFIE. Available for 
Macintosh and IBM-compatible machines.

For a free demo disk contact Cramer Software Division, 
P.O. Box 1001, Gardner, KS 66030, or call, 1-800-255-6621. - mill QCC OHOI
©1992 Cramer Products, Inc. ' If If If klflf If Uk I


