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DynaWrap
DynaSport's new and unique "DynaWrap" 
rippable elastic bandage features:
• A porous all natural adhesive
• Strong and durable back cloth/adhesive 

provides excellent conformability
• Consistent unwind tension— 

no ballooning or gaping
• Moisture resistant

CATALOG NO. SIZE QUANTITY
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#51-309-9
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24 rolls per case 
16 rolls per case

DynaPIast
This DynaSport elastic tape features an all natural, 
moisture resistant adhesive combined with a strong 
back cloth for optimum conformability and strength. 
DynaPlast's balanced adhesive gives it a smooth,

consistent unwind tension 
for easy application.
Catalog No.—#51-313-9
Size—3" x 5 yds
Quantity—16 rolls per case

SpeedWrap
DynaSport introduces "SpeedWrap" Athletic 
tape featuring:
• Consistent unwind tension to the core
• Superb tensile strength
• Extended shelf life
• Manufacturer direct

CATALOG NO. SIZE QUANTITY
#51-310-9 r/2 "xl5yds 32 rolls per case
#51-311-9 2" x 15 yds 24 rolls per case

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

FOR A DYNASPORT CATOLOG,
SAMPLES, OR TO PLACE AN ORDER

PLEASE CALL US TOLL FREE AT

1-800-228-4421
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'•:,,^.., ,;-,;,• ^Jl

Smith & Nephew Don Joy Inc.

FAX (619) 438-3210. 
TELEX #5101007208 
5966 La Place Court, 
Carlsbad, CA 92008
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What the 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 Shelbourne, M.D. 
Methodist Sports Medicine Center 
Indianapolis, Indiana

"Exercising on the 
StairMaster 4000PT is 
an orthopedically safe 
weight-bearing activity 
that effectively develops 
lower body musculo- 
skeletal fitness, which is 
critical to the main 
tenance of functional 
mobility in the elderly."
M. Elaine Cress, Ph.D., University of 
Washington, Department of Medicine, 
Division of Geriatrics/Gerontology, 
Seattle, Washington

"The StairMaster 
4000PT is a terrific tool 
for enhancing maximum 
functional performance 
in a patient; it provides 
the practitioner with full 
clinical control to 
implement and integrate 
proven closed chain 
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.
Call Toll Free 
1-800-635-2936
SPORTS/MEDICAL PRODUCTS, INC.

taiiMaster.
EXERCISE SYSTEMS

StairMaster<s and 4000 PI'S) are registered

trademarks of StairMaster Exercise Systems.

©1991 StairMaster Exercise Systems, Tulsa, Oklahoma



Editorial
Kenneth L. Kni< |ht, PhD, ATC, 

iditor-in-Chief

A Journal for Clinicians
The metamorphosis of Athletic Train 

ing, the Journal of the National Athletic 
Trainers' Association into the Journal of 
Athletic Training is now complete. With 
the new title comes a new cover and a 
"new look"; a new layout that we hope is 
easier to read.

Our content has changed also. In 
1989, we published 396 pages, including 
102 pages of editorial copy (articles) and 
96 pages of association business. In 1991, 
we published 384 pages, of which 195 
pages were editorial copy, and there was 
no association business. Thus, our edito 
rial copy nearly doubled; increasing from 
26% to 51%. And it is not just quantity 
that is increasing, the quality is increasing 
too. More about that later.

Our "child," the NAT A News, is de 
veloping and maturing rapidly. When 
we proposed in 1987 that association busi 
ness be moved from the Journal into a 
newsletter, we did not dream that any 
thing so fine as the NATA News would 
result. Margaret Webb and her staff at the 
Virginia Health Council, Inc., are to be 
congratulated for their terrific work.

A dream that we had then, and con 
tinue to have, is that the Journal of Ath 
letic Training become the premier publi 
cation of athletic injury prevention, care, 
and rehabilitation. We have made great 
strides in that area, but there is still much 
to do.

I have shared that dream with you in 
the past(1988; 23:212 and 1991; 26:104). 
I'd like to share it again—for it will only 
come true if you share in the dream and 
assist in achieving it.

As I was working on one of the ar 
ticles in this issue, I needed some infor 
mation from one of its authors, so I called 
him. After getting the needed informa 
tion, I commented that I appreciated the 
work of the authors and was pleased that 
they had chosen to publish their work in

our journal. The author, a clinician, re 
plied, "We chose [the Journal of Athletic 
Training] because we find ourselves turn 
ing to it more and more for practical ideas 
and helps. It seems more oriented to the 
clinician than many other journals in the 
field." That comment made my day, my 
week, my month, perhaps even my year. 
If every reader felt that way, and I know 
they don't, I would feel successful.

This is a clinician's journal. And, 
clinician is not restricted to those who 
work in predominantly physical therapy 
centers called "sports medicine clinics." 
An athletic training room is a clinic, staffed 
by clinicians. A clinic is, "a center for 
physical examination and treatment of 
ambulant patients who are not hospital 
ized," and "a place where preliminary 
diagnosis is made and treatment given..." 
(Tabors Cyclopedic Medical Dictionary, 
1973, pC-80). Others have referred to the 
athletic trainer who applies his or her 
trade to athletes as "in the traditional 
setting" or "in the trenches." Alliedhealth 
practioners are "clinicians."

Our editorial goal is to publish an 
equal amount of research, literature re 
views, and clinical techniques. Most of 
the research and literature reviews must 
be clinically relevant. They must contain 
ideas and information that are of practical 
value to the clinician—the athletic trainer 
who will be in the training room this 
afternoon preparing athletes for a practice 
or game, managing injuries and illness so 
the athletes can participate to their fullest 
potential.

Are we meeting our editorial goal? 
Not yet. In 1991, we published 38 full- 
length manuscripts and seven tips from 
the field. Only three of 3 8 were technique 
articles, 16 were research, and 20 were 
literature reviews. So, we do not have as 
many technique articles as we would like, 
although the seven tips were equal to the

two previous years combined. I remain 
convinced thatthere are hundreds of unique 
tips and techniques that have not yet been 
published. These could be used effec 
tively by thousands of athletic trainers if 
they were shared. We need more of you to 
share your clinical techniques.

One thing that prevents many from 
writing is the lack of knowledge or expe 
rience in technical writing. We want to 
help you. In June, at our national conven 
tion in Denver, we will feature a writer's 
workshop with Robert Day, a world-re 
nowned author, editor, and lecturer. Fol 
lowing Dr. Day's instructions, our edito 
rial board will join him in working with 
authors and potential authors one-on-one. 
We encourage you to bring ideas, out 
lines, rough drafts, final drafts—even manu 
scripts that have been edited and need to 
be rewritten—to this workshop. We guar 
antee that you will walk away from this 
workshop with firm, tangible ideas of 
how to develop the manuscript for publi 
cation.

Another help foryou is astylemanual. 
We have adopted the AMA Manual of 
Style (Williams & Wilkins, 1988) as the 
official style manual of the journal. That 
forced us to change a few things, like our 
referencing style, and a few other odds 
and ends, which was kind of a hassle. But 
the advantage is that you can check out 
the manual from most libraries or pur 
chase it for $27. It has almost 300 pages 
of rules for writing—all you ever wanted 
to know and more. As you consult this 
before submitting your manuscript, you 
will have fewer mechanical or technical 
errors. Thus, our reviewers will concen 
trate more on content and give you more 
indepth feedback, which will allow you to 
revise your manuscript to a higher level. 
So we all win. The process is easier for 
you and us, and the product is better for 
our readers.
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CEU Credit Quiz

This CEU Quiz contains questions drawn from the following articles:

Sallade, Koch: 
Orteza, et al:

Beckett, et al: 
Moss, et al:

Training Errors in Long Distance Running
The Effect of Molded and Unmolded Orthotics on Balance and Pain While Jogging
Following Inversion Ankle Sprain
Incidence of Hyperpronation in the ACL Injured Knee: A Clinical Perspective
A Biomechanical Analysis ofPatellofemoral Stress Syndrome

The NATA Board of Certification 
accepts this continuing education offering 
for .3 hours of prescribed CEU credit in the 
program of the National Athletic Trainers' 
Association, Inc., provided that the test is 
used and completed as designed.

To participate in this program, read 
the material carefully, photocopy the test 
on the next page, and answer the test ques

tions. Mark your answer by placing an X in 
the proper space. Then fill in your name, 
address, and other information and mail 
with $12 for processing to the address on 
the next page. FOR CREDIT, the form 
must reach Indiana State University by 
June 15,1992.

A passing score is 70%. We will notify 
the NATA Board of Certification of all

persons who score 70% or better, and the 
NATA will enter .3 CEU credit on those 
persons' records. Participation is confi 
dential.

Answers to Previous CEU Credit Quiz
Winter 1991

1. e 3. d 5. b 7. b 9. e
2. b 4. e 6. d 8. b 10. c

SPORTSWARE

Injury Tracking 
Software

Athletes

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

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

Price: $495.00

Injuries Evaluations Reports

For more information 
call 617-894-7751 
or write Computer 
Sports Medicine, Inc. 
135 Beaver St. 
Waltham, MA02154.

SPORTSWARE™
is a trademark of Computer
Sports Medicine, Inc.
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CEU CREDIT QUIZ

Name (Dr., Mr., Mrs., or Ms.) _____ 
Institution or Team ________ 
Mailing Address __________ 
City _____________State. 
Social Security Number ______ 
NAT A Membership Number____

_Zip_

Please indicate below the setting in which you work:
O High School O Junior College O College
O University D Sports Medicine Center
O Other (please specify) ________________

Instructions:
1. Photocopy this page and write on the copy.
2. Read the four articles listed on the previous page.
3. Answer the questions below.
4. Mail with $12 fee (checks made payable to Indiana 

State University) prior to June 15, 1992 to:

CEU QUIZ
Journal of Athletic Training 
Physical Education Department 
Indiana State University 
Terre Haute, IN 47809

Questions
1. Factors linked to a predisposition for develop 

ing patellofemoral stress syndrome include:
leg strength 

weight
1 only 

b. 1 and 3 only 
c. 3 only 
d. all except 4 
e. 2, 3, and 4

3. larger static Q-angle
4. being female

a.

2. In the normal kinetics of gait:
a. there are two phases: stance and swing, 
b. initial heel contact is on the lateral aspect

of the calcaneus with the subtalar joint in
a slightly supinated position, 

c. as the knee flexes during contact, the tibia
internally rotates, 

d. excessive pronation transmits forces
upward in the kinetic chain and produces
knee stresses. 

e. all of the above

3. Using a molded orthotic during rehabilitation 
of an inversion ankle sprain: 
a. may promote healing and speed return to

activity, 
b. is insignificant because balance scores are

not affected by ankle sprain, 
c. is probably effective because molded

orthotics help decrease stress to the
injured ligament(s). 

d. all of the above 
e. a and c

4. Which of the following is not classified as a 
training error for runners? 
a. running on crowned roads 
b. running in brand new shoes without

changing pace or routine 
c. increasing mileage or speed too quickly 
d. variety in training 
e. running only on soft surfaces, regardless

of terrain

Subtalar joint motion:
a. is increased after lateral ankle sprain.
b. has a direct effect on ankle injuries.
c. needs to be controlled in individuals with

ankle sprain in order to limit standing talar
tilt.

d. all of the above 
e. none of the above

a
6. Which of the following clinical tools can 

the clinician use to identify hyperpronation 
of the foot and ankle complex? 
a. gait analysis 
b. abnormal callus formations 
c. navicular drop test 
d. a and c 
e. all of the above

7. Problems from running on hills can be 
decreased by:
a. increasing the grade sharply, 
b. taking additional time for stretching, 
c. finishing work-outs on downhill grades,

especially when fatigue is high, 
d. striking more on the mid-foot rather

than the ball of the foot when running
uphill, 

e. all of the above

8. Navicular drop test scores in the ACL 
article: 
a. were significantly different between

male and female, 
b. were statistically significant between

right and left sides. 
c. were about the same in injured subjects

as in uninjured subjects. 
d. were different between those injured

during contact and non-contact, 
e. none of the above

9. Of the three techniques used in the research 
of patellofemoral stress syndrome, which 
had the highest prediction ability and was 
least cumbersome to use, making it 
applicable in the clinical setting? 
a. anthropometric 
b. isokinetic 
c. biomechanical 
d. none of the above 
e. all were equally useful

10. The navicular drop test, as described by 
Brody and cited in the ACL article: 
a. was used to objectively measure

pronation. 
b. involves locating and marking the

navicular tuberosity of the foot, 
c. requires that the subtalar joint be

placed in the neutral position, 
d. all of the above 
e. b and c

a
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Letters to the Editor

I write this letter as "food for thought" 
in regard to the letters written by Robert 
Reese, Jr., ATC, and Bob Broxterman, 
MS, ATC, [Athletic Training, JNATA, 
Winter 1991] concerning changing the 
athletic trainer name. I am proud to be a 
physical therapist and an athletic trainer. 
These names define the areas in which I 
worked to be licensed or certified, and 
they provide the credentials to practice 
legally in the state of Tennessee.

I was reviewing A History of the 
National Athletic Trainers' Association 
(1980) given to the late Bob Brashear, 
MD (pioneer of sports medicine in the 
Knoxville, TN, area and orthopedic sur 
geon at Knoxville Orthopedic Clinic), by 
"Pinky" Newell. During the early days of 
athletic training, I am sure that there was 
not much emphasis on the name "athletic 
trainer," but rather on promoting the pro 
fession of athletic training by providing 
the best care possible at that time. I read 
on page 54 that Mickey O'Brien (past 
University of Tennessee head athletic 
trainer) received the Hall of Fame award. 
I was privileged to know him briefly as a 
University of Tennessee student athletic 
trainer from 1979 to 1983 under the direc 
tion of Tim Kerin, presently the head 
athletic trainer at the University of Ten 
nessee. Mr. O'Brien often told us stories 
of how athletic trainers used to do things.

We have progressed a great deal over

the decades in our technology and various 
responsibilities, but I still feel "athletic 
trainer" is an appropriate name for our 
profession. The designation, ATC, de 
notes our certification. Through our edu 
cation, patients and athletes will then know 
how our credentials separate us from the 
"non-certified athletic trainers" often re 
ferred to on the high school sidelines. 
Many parents don't know what a certified 
athletic trainer does at the high school 
level, because they are scarce in the state 
of Tennessee and nationally. The clinical 
and collegiate athletic trainers are often 
the only means to promote the profession 
through providing athletic training ser 
vices.

Along with certified athletic trainers, 
licensed physical therapists come in con 
tact with facilities (doctors' offices, 
chiropractic facilities, health club facili 
ties, etc.) that have nonlicensed employ 
ees having the title "physical therapist" or 
state in their ads the service of physical 
therapy. Physical therapist assistants have 
to deal with "on-the-job trained aides" 
referring to themselves as PT assistants.

I strongly feel that the word "thera 
pist" needs to be omitted entirely from 
consideration. I also believe that we need 
to concentrate our efforts on establishing 
our roles in providing athletic training in 
the clinical setting and preventing the PT 
profession from infringing on our turf in

the athletic fields. There is room for both 
professions to work together and assist 
each other with their similar but different 
areas of expertise.

We have the opportunity and respon 
sibility to promote our profession within 
our realm of practice and outside our 
practice, through community education 
and an emphasis on service to athletes, 
particularly high school athletes. Parents, 
coaches, teachers, students, fans, legisla 
tors, businessmen, and businesswomen 
then will become familiar with what ath 
letic trainers are doing, and we can edu 
cate them about our certification process 
and credentials. We must remember that 
these are the people who may work to 
gether to accept or reject certified athletic 
trainers in the school systems.

We are at the point where athletic 
trainers are recognized for their various 
skills and services, which creates diver 
sity and a potential for employment and 
opportunities to promote the practice of 
athletic training. If the name "athletic 
trainer" was good enough for the founders 
of this profession, then it is good enough 
for us now and any time in the future.

Chip Ladd, PT, ATC
Knoxville Orthopedic Clinic/

Orthopedic Rehab Center
Knoxville, TN
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Athletic Trainer Availability in 
Interscholastic Athletics in Michigan

Lynn M. Lindaman, MS, MD, ATC

ABSTRA CT: Between January and March 
1989, 1 surveyed the athletic directors of 
the 711 high schools of the Michigan High 
School Athletic Association, in order to 
determine the level of medical care avail 
able for students who participate in vari 
ous sports. The results were compared to 
previous studies done in Michigan and in 
other states, to determine if there had been 
any increase in the number of athletic 
trainers working in a high school setting or 
any improvement in their educational back 
grounds. Certificationby the National Ath 
letic Trainers' Association (NATA) was 
the measurment used to determine improve 
ment in educational background. With 57% 
of the 711 athletic directors responding, 
41% reported that they had the services of 
an athletic trainer for at least one sport 
during they ear. The percentage of athletic 
trainers varied directly -with the size of the 
school. The more populous schools had the 
greatest percentage of athletic trainers. 
Seventy percent of the athletic trainers 
were reported to be certified by the NATA. 
These findings were compared to two ear 
lier studies conducted in Michigan and to 
surveys in other states. It was determined 
that there was an increase in the availabil 
ity of athletic trainers, particularly certi 
fied athletic trainers, at the post-second 
ary level.

S tudies reporting the number of stu 
dents who compete in interscholastic 

athletics and the frequency and severity of 
sports injuries leave little doubt about the 
need for adequate medical care for these

Lynn Lindaman is a pediatric 
orthopaedic surgeon with the Iowa 
Orthopaedic Center in Des Moines, 1A. 
This study was conducted while he was a 
senior resident with the Grand Rapids 
Orthopaedic Surgery Residency Program 
in Grand Rapids, MI.

athletes (2,4,7,8,10). Yet, a serious ques 
tion remains about the players' access to 
health care. Traditionally, medical care for 
athletes has meant the services of a team 
physician; however, numerous studies have 
demonstrated that only 40% to 80% of 
varsity football games have physicians in 
attendance (3,5,6,9,12,13,14). These per 
centages drop dramatically to 6% to 13% 
for other sports (5,15). In addition, physi 
cians almost never attend practices (5,14). 
In the past, this void in the provision of 
health care for athletes competing in inter 
scholastic sports was filled by coaches 
(3,9,12,15). Unfortunately, coaches sel 
dom have the ability and qualifications to 
provide this service (3,13).

The National Athletic Trainers' Asso 
ciation has worked to educate high school 
administrators and the public about the 
need for proper medical care for the high 
school athlete. There has been a strong 
effort to place athletic trainers, specifically 
certified athletic trainers, in high schools. 
This study was undertaken to assess the 
types of medical care available to students 
participating in interscholastic sports at 
each level of competition in Michigan. 
Then, these results were compared to re 
sults of previous surveys done in Michigan 
and in other states to determine if there had 
been any improvement in the availability 
of athletic trainers in general, and certified 
athletic trainers in particular.

Materials and Methods
In January 1989, 1 mailed surveys to 

the 7 1 1 high school athletic directors in the 
state of Michigan. These athletic directors 
were affiliated with all of the public and 
private schools within the Michigan High 
School Athletic Association. In the sur 
vey, I requested demographic data to help 
group the results for further analysis.

The surveyrequestedinformationfrom 
the athletic directors concerning the avail 
ability of student athletic trainers, athletic 
trainers, physicians, and other medical per 
sonnel (EMTs, paramedics, etc.) (Fig 1) for

each sport offered (Fig 2) and at each level 
of competition (Fig 3). They were to state 
what type of medical care was available at 
practices and at interscholastic competi 
tions. Available was defined as, "present 
to render medical care for that team at 
either a practice or an interscholastic con 
test at least once during the season." A 
stamped, self-addressed envelope was pro 
vided with each survey.

Results
Properly completed forms were re 

turned by 57% (407/711) of the schools, 
somewhat evenly distributed among all 
classes of schools (52% to 60%) (Table 1). 
Forty-one percent of all responding schools 
reported having an athletic trainer avail 
able for at least one sport during the year. 
This ranged from 59% in Class A to 20% 
for Class D (Table 2). Of these athletic 
trainers, 70% were reported to be certified 
by the NATA. This varied from 82% to 
25% among all classes of schools (Table 
2). These figures did not include as "certi 
fied" those athletic trainers who were wait 
ing to take the certification exam, awaiting 
the results of the examination, or complet 
ing their curriculum that semester.

The athletic directors were asked to 
report, as accurately as possible, the fees or 
salary paid to the athletic trainers. This 
was either the supplemental salary that the 
individual received or the fee that was paid 
to a hospital or sports medicine clinic for 
providing athletic trainers to the school 
district. These salariesrepresentthe amount 
earned by an individual or corporation for 
that academic year for their athletic train 
ing services. No distinction was made 
about the amount of time that the athletic 
trainer worked or the number of teams that 
received medical care. Thirty-eight per 
cent, ranging from 25% to 71%, of all 
athletic trainers were volunteers; that is, 
they received no reimbursement for their 
services (Table 2). Fifty-five percent of 
these volunteers were certified athletic train 
ers. Thirty percent of all certified athletic
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Medical Care for Interscholastic Athletes
School District: ________________________ 
Is your high school a 3-year (10-12) or 4-year (9-12) school?__ 
What is your estimated enrollment ("Fourth Friday Count")?__

Boys :__G iris:_____ 
What is the MHSAA classification of your school?_____
Please estimate the number of students out for at least one sport:

Boys:__Girls:__Total:__ 
Does your high school have a person(s) in the position of student athletic trainer?

No ___ Yes ___ How many? ____ 
Does your high school have a person(s) in the position of athletic trainer?

No ___ Yes ___ How many? ____ 
If you do have a person(s) functioning in the capacity of athletic trainer: 

Are they certified by the National Athletic Trainers' Association (NATA)?
No____Yes___ 

How much are they paid for their work as an athletic trainer?
$ __________ 

Does your high school have a person functioning in the capacity of team physician?
No____Yes ___ 

If you do have a team physician, what is his or her specialty?
Family/General Practice ____ Pediatrics ____ 
Internal Medicine ____ Ob/Gyn ____ 
Orthopaedics ____ Other ____ 
General Surgery ____

How much are they paid for functioning as the team physician? 
$_____($0.00 = Volunteer)

Fig 1.—'Survey Mailed to 711 Michigan High School Athletic Directors

Please indicate with a check mark which of the following sports are offered by your school 
district for interscholastic competition, and at which levels.

Sport
Football
Boys Basketball
Girls Basketball
Volleyball
Boys Soccer
Girls Soccer
Wrestling
Gymnastics
Boys Cross Country
Girls Cross Country
Baseball
Softball
Boys Track
Girls Track
Boys Golf
Girls Golf
Boys Tennis
Girls Tennis
Boys Swimming
Girls Swimming
Boys Skiing
Girls Skiing
Ice Hockey

Freshman Sophomore Jr. Varsity Varsity

Fig 2.—Survey of High School Sports Offered in Michigan

trainers in this study worked as volunteers. 
The average salary for athletic trainers who 
received a salary was $5,508 a year (Table 
2).

The percentage of schools that have 
an athletic trainer available for each of their 
sports is listed in Table 3. The percentages 
are listed only for schools that offer compe 
tition in the sport (the number in parenthe 
ses), not the total number of schools re 
sponding to the survey. Athletic trainers 
most often were presentfor football. Look 
ing at all of the varsity teams, only 22% of 
them had an athletic trainer available either 
for practice or competition during the year.

Discussion
Forty-one percent of the schools re 

sponding had the services of an athletic 
trainer for at least one sport at least one 
time during the year. These percentages 
are markedly different from Redfeam's 
(12) 1975 study, which reported that only 
11% of the schools in Michigan had an 
athletic trainer. This 1975 survey dispro 
portionately represented the larger schools 
(Table 1). Because larger schools are more 
likely to have athletic trainers, 11% may be 
an overestimate. The current study was 
more evenly distributed across all sizes of 
schools, which tends to enhance the differ 
ence between the two studies.

Similarly, Ray (1 1) in 1987 reported 
that only 15% (70/462) of the Michigan 
schools responding to his survey had ath 
letic trainers. It would appear that the 
availability of athletic trainers has tripled 
in the three years since Ray's study; how 
ever, Ray never reported his definition of 
an athletic trainer and he did not clarify the 
distribution between the different classes 
of schools.

Comparisons with his study, there 
fore, need to be done with caution. Neither 
of these earlier studies mentioned the num 
ber of athletic trainers who were certified.

Unfortunately, the availability of ath 
letic trainers is directly proportional to the 
size of the school. Schools with a small 
population, which are the least likely to 
have athletic trainers, are also the least 
likelytohaveaccesstoaphysician(3,5,13). 
At such schools, the responsibility of medi 
cal care falls solely upon the coaching 
staff.

Nationally, the situation is not much 
better, and may be worse, than in Michi 
gan. In 1980, Porter (9) reported that 49% 
of the public schools surveyed in the Chi 
cago area had athletic trainers. Again the
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Please indicate who is present at the practices and contests for the sports and levels of 
competition offered by your high school.

ST = Student Athletic Trainer MD = Medical Doctor 
AT = Athletic Trainer OT = Other(paramedics, nurses, etc)

If none of the above are present at practices or contests, or your high school doesn't offer the 
sport or that level of competition, please leave those spaces blank. Otherwise use:

1 = Coverage at Practice only 3 = Coverage at Practice and Contests 
2 = Coverage at Contest only

Sport
Medical 
Coverage
Football
Boys Basketball
Girls Basketball
Volleyball
Boys Soccer
Girls Soccer
Wrestling
Gymnastics
Boys Cross Country
Girls Cross Country
Baseball
Softball
Boys Track
Girls Track
Boys Golf
Girls Golf
Boys Tennis
Girls Tennis
Boys Swimming
Girls Swimming
Boys Skiing
Girls Skiing
Ice Hockey

Freshman
S
T

A
T

M 
D

0
T

Sophomore
S
T

A
T

M 
D

0
T

Jr. Varsity
S
T

A
T

M
D

0
T

Varsity
S
T

A
T

M 
D

0
T

Fig 3.—Survey of the Levels of Competition Offered in High School Sports in Michigan

Table 1 .—Response to Survey of Michigan High School Athletic Directors

Number of Schools
Number of
Class A Schools
Number of
Class B Schools
Number of
Class C Schools
Number of
Class D Schools

Number 
Possible

711

177

178

178

178

Total 
Responding

407

103

107

105

92

Return 
Percentage

57%

58%

60%

59%

52%

Redfearn(12)

55%

61%

63%

49%

27%

percentages were higher in the larger, 
wealthier, nonurban schools. She also 
reported that 23% of these schools had 
certified athletic trainers. Expanding the 
study to include the remainder of Illinois, 
Bell (l)found that 24% of alllllinois schools 
employed athletic trainers. Culpepper (3) 
reported that between 5% and 24% of Ala 
bama schools had athletic trainers, varying 
directly with the size of the school. Wrenn 
(15) reported in 1980, that only 2% of 
Maryland schools employed athletic train 
ers. More recently, Powell (10) estimated 
that only 16% of all high schools in the 
nation had athletic trainers.

One of the factors influencing whether 
a school district provides athletic trainers 
for their athletes is the cost. The most 
visible, if not the major, cost for the school 
district is the salary for the individual. 
Over one-third of all the athletic trainers 
who worked in the responding high schools 
received no monetary compensation. Simi 
larly, 30% of the certified athletic trainers 
were volunteers. This speaks well for the 
altruism and commitment of athletic train 
ers. Unfortunately, it does not speak well 
for the concern of school districts in pro 
viding medical care for their athletes. The 
adequacy of the reimbursement obviously 
depends upon the number of teams that the 
athletic trainer covers and the number of 
hours worked. Calculation of per-hour 
payment for athletic trainers was beyond 
the scope of this survey; however, the 
results do indicate the amount that most 
school districts are willing to spend to 
obtain an athletic trainer. It also demon 
strates that being an athletic trainer for a 
high school probably would not be a sole 
means of financial support. It would serve 
only as a supplement to an income derived 
from teaching or working as an athletic 
trainer or physical therapist at another in 
stitution.

Conclusion
Based on this study, I think that the 

availability of medical care at interscholas- 
tic athletic practices and competitions is 
not adequate. In an attempt to address this 
problem, there has been an increasing ef 
fort to place certified athletic trainers into 
the high schools. In Michigan, the number 
of schools responding to the survey that 
they either employ or have the services of 
an athletic trainer has increased substan 
tially. More importantly, 70% of these 
athletic trainers are now certified by the 
National Athletic Trainers' Association, a
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Table 2.—High School Athletic Trainers in Michigan by Class of School

Schools responding that 
employ athletic trainers

Athletic trainers 
who are certified

Athletic trainers 
who are 'Volunteers"

Average salary of 
athletic trainers who 
receive a salary

Class A

59%(61/103)

75%(50/67)

25%(17/67)

$6,671

Class B

48%(51/107)

82%(46/56)

36%(20/56)

$6,863

Class C

34%(36/105)

75%(28/37)

38%(14/37)

$2,798

Class D

20%(18/92)

25%(7/28)

71%(20/28)

$4,225

Total

41 %(1 66/407)

70%(132/188)

38%(71/188)

$5,508

* Some schools employed more than one athletic trainer.

Table 3.—Percentage of Schools Providing Athletic Trainer Coverage in Varsity Sports 
(Number Offering Athletic Trainer Coverage/Number Offering Participation)

Sport

Football
Boys Basketball
Girls Basketball
Volleyball
Boys Soccer
Girls Soccer
Wrestling
Gymnastics
Boys Cross Country
Girls Cross Country
Baseball
Softball
Boys Track
Girls Track
Boys Golf
Girls Golf
Boys Tennis
Girls Tennis
Boys Swimming
Girls Swimming
Boys Skiing
Girls Skiing
Ice Hockey

Total

37%(1 37/370)
28%(1 11/402)
26%(1 05/398)
24%(88/371)
31%(47/152)
31%(30/98)
35%(95/272)
48%(26/54)
17%(55/325)
17%(52/313)
20%(77/376)
20%(73/366)
24%(89/378)
23%(87/376)
4%(1 1/280)
2%(2/120)

17%(37/217)
19%(38/203)
25%(34/138)
23%(31/135)

2%(1/48)
2%(1/47)

31%(17/55)

Class A

58%(59/101)
46%(46/101)
43%(43/100)
38%(37/98)
39%(30/76)
39%(24/62)
48%(45/93)
57%(20/35)
27%(27/99)
27%(26/97)

33%(33/100)
33%(33/99)
42%(42/101)
40%(40/100)

5%(5/94)
5%(2/44)

22%(21/94)
24%(22/92)
28%(23/82)
25%(20/81)

5%(1/21)
5%(1/21)

41%(14/34)

Class B

43%(46/106)
34%(36/106)
32%(34/106)
29%(30/104)
26%(12/46)
19%(5/26)

34%(32/94)
38%(5/13)

16%(16/102)
16%(16/98)

22%(23/105)
20%(21/104)
25%(27/107)
25%(27/107)

4%(4/92)
0%(0/35)

16%(12/73)
17%(12/69)
23%(10/44)
25%(10/40)

0%(0/9)
0%(0/8)

9%(1/11)

Class C

24%(24/102)
19%(20/105)
20%(21/105)
16%( 16/99)
25%(3/12)

0%(0/5)
23%(16/69)

0%(0/1 )
1 1 %(9/85)
10%(8/83)

15%(15/99)
15%(14/96)
16%(16/100)
16%(16/100)

3%(2/69)
0%(0/29)
8%(3/36)

10%(3/30)
11%(1/9)

10%(1/10)
0%(0/11)
0%(0/11)
20%(1/5)

Class D

13%(8/61)
10%(9/90)
8%(7/87)
7%(5/70)

11%(2/18)
20%(1/5)
13%(2/16)
20%(1/5)
8%(3/39)
6%(2/35)
8%(6/72)
7%(5/67)
6%(4/70)
6%(4/69)
0%(0/25)
0%(0/12)
7%(1/14)
&°/ M /1 2^
0%(0/3)
0%(0/4)
0%(0/7)
0%(0/7)

20%(1/5)

greater percentage than was reported by 
other states or in national surveys.

Unfortunately, even with this marked 
improvement, 78% of the varsity teams 
were without the services of an athletic 
trainer at any given time during the sea 
sons. While 41% of the school districts 
that responded had an athletic trainer avail 
able, only 25% of them actually hired an 
athletic trainer.

The argument may be raised that more 
schools would hire athletic trainers if they 
were available; however, 39% of the schools 
with athletic trainers relied upon volun 
teers to provide this service. This substan 
tiates the fact that the problem is not merely 
a lack of availability of athletic trainers for 
high schools. The problem is still a lack of 
concern and commitment by the school 
districts and athletic departments.

While there has been improvement in 
the levels of both the quality and quantity of 
athletic trainers for high school athletes, 
these levels are still inadequate. There 
needs to be an increase in the number of 
athletic trainers employed by school dis 
tricts either as teachers/athletic trainers or 
contract workers from local sports medi 
cine centers or physical therapy depart 
ments. Only 25% of the schools responding
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employed an athletic trainer. This demon 
strates the need to educate the school dis 
tricts about the importance of proper medi 
cal care for athletes participating in inter- 
scholastic sports. The best way to provide 
this care is with certified athletic trainers.
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Comments
We often talk about the differences in 

approaches to sports medicine by coaches, 
physicians, and athletic trainers. Lindaman, 
author of the previous article, has been all 
three, so he has a unique view of sports 
medicine and high school athletics.

Dr. Lindaman was a student athletic 
trainer for four years at the University of 
Iowa. He was certified and returned to 
Iowa for an additional year as a graduate 
assistant athletic trainer. He taught high 
school for three years in Illinois and Iowa 
where he coached football, basketball, and 
track. He spent an additional three years as 
a graduate assistant track coach. He then 
went to medical school. For the past ten 
years, he has served as a high school team 
physician in Illinois, Michigan, Tennes 
see, and Iowa. So, he has spent consider 
able time (in the trenches) of all three 
professions.

In the process of working on this ar 
ticle with Dr. Lindaman and members of 
our Editorial Board (whose identities were 
unknown to each other), his unique back 
ground became apparent, as did some addi 
tional feelings of Dr. Lindaman concern 
ing high school sports medicine. His com 
ments follow.

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

I am appalled that the field of sports 
medicine has exploded over the last fifteen 
years, but has left medical care for the 
athlete who participates in high school 
interscholastic sports truly lagging behind. 
This has not been the result of any lack of 
effort on the part of the National Athletic 
Trainers' Association, however.

Most of the school boards in areas in 
which I have lived for the past fifteen years 
have been facing tremendous increases in 
costs. During this same time, the commu 
nity has been voting down tax increases. 
Almost universally, the first part of the 
school district budget that is trimmed is the 
athletic department budget, and one of the 
first "sacrificial lambs" in the athletic de 
partment is usually any allocation for ath 
letic trainers or for other forms of medical 
care. As athletic trainers, physicians, and 
parents attempt to improve the medical 
care for high school athletes, they are going 
to have to answer several questions from 
the athletic departments, the school boards,

and the taxpayers. Two of these questions 
are posed and answered below.

"Is there a need for medical care?" 
Absolutely. The articles cited in my intro 
ductory paragraph, along with the ongoing 
research by Powell and others, document 
that there is a significant injury rate in all 
sports in high school athletics.

"Is the level of medical care currently 
provided adequate?" It is not even close, 
from a physician's standpoint. (See my 
research on physicians that was published 
in The American Journal of Sports Medi 
cine.) This study in Michigan, and those 
done in other states previously, have shown 
that the level of athletic trainer availability 
is not adequate, even with the improve 
ment in the last fifteen years.

Some reviewers of this paper were 
off ended by the fact that in my survey, I had 
counted as athletic trainers individuals who 
were not certified by the National Athletic 
Trainers' Association. My stand is that 
athletic trainer is a job description; Certi 
fied Athletic Trainer is a professional title. 
One reviewer appeared to be offended by 
this and responded, "According to your 
survey, anyone providing athletic training 
services is an athletic trainer," and "Any 
one breathing who can semi-tape an ankle 
and attend practice could be considered an 
athletic trainer." I too am somewhat of 
fended by this. Also, I am offended by the 
fact that any person who has gone through 
four years of medical school, who cannot 
tape an ankle, who does not know a sprain 
from a fracture, and who has a level of 
sports medicine knowledge that is far infe 
rior to that of any athletic trainer, may walk 
onto an athletic field and call himself or 
herself a team physician. Unfortunately, 
that is the current status of the world of 
sports medicine. Until the states define 
athletic training and set licensure stan 
dards, such as certification by the National 
Athletic Trainers' Association, the 
reviewer's statement as to who may be 
considered an athletic trainer are very true.

If readers are offended by this, as they 
have a right to be, I would encourage them 
not to accept it and to work either at the 
local, state, or national level to come up 
with licensure standards for athletic train 
ing, to see that all schools have athletic 
trainers, and that they are certified.

Athletic trainers, whether they are 
certified or inept, and team physicians, 
whether specialists in sports medicine or 
inept, do serve a very vital role. Probably 
their most important function is to remove
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the burden of providing medical care from 
the shoulders of the coach.

If I were to return to coaching at this 
time, even with my extensive education 
and background both in athletic train 
ing and in orthopaedic surgery, there is 
no way that I could simultaneously pro 
vide proper coaching for my athletes 
and provide proper medical care. If I, 
with my extensive education, training,

and concern about the medical care for 
athletes cannot perform both functions, 
how dare we demand this of a coach who 
not only does not have the education and 
training that I do, but also does not have 
the commitment to provide medical care 
to the high school athletes as I would? As 
such, any level of medical care offered by 
an athletic trainer or a physician serves a 
vital role in improving the medical care for

athletes who participate in interscholastic 
high school sports.

I hope that my research will provide 
impetus to improve the medical care for 
high school athletes, as well as provide 
background data to support those who are 
already involved in efforts to improve this 
medical care.

Lynn M. Lindaman, MD 
Des Moines, IA
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Guidelines for Dispensing Medications
William R. Whitehill, MA, ATC

Kenneth E. Wright, DA, ATC
James B. Robinson, MD

ABSTRACT: Federal and state codes exist 
regarding administering and dispensing 
medications and there is variation between 
the two. Recognition of the differences is 
imperativefor the athletic trainer, who has 
traditionally dispensed these agents in com 
pliance with established legal and profes 
sional guidelines. Statutes that apply to 
classifying, documenting,prescribing, dis 
pensing, labeling, and housing medica 
tions by athletic trainers are presented as 
a baseline for this article. State and local 
regulations should be consulted to clarify 
differences existing at various governmen 
tal levels. These guidelines are provided to 
assist athletic trainers in properly dis 
pensing medications.

O ver the past decade, a debate has 
grown over the use and abuse of 

drugs in the profession of athletic training 
(4,23). Legal proceedings have questioned 
the involvement of athletic trainers in dis 
pensing both over-the-counter (OTC) and 
prescription drugs (9,13,14).

The role of the athletic trainer will 
depend on criteria such as the age of the 
athlete, state laws, and the type of drug 
(OTC or prescription). The athletic trainer 
should know the federal laws and his or her 
respective state codes regarding handling, 
dispensing, and documenting the use of all 
medications. Many athletic trainers work 
under the "Standard Operating Procedures" 
or "Standing Orders" concept. It would be 
prudent to contact legal counsel regarding 
thelegality and extent of coverage of either 
or both of these concepts (5,6,10).

In 1982, the NATA and the Profes-

William Whitehill is assistant athletic 
trainer at The University of Alabama in 
Tuscaloosa, AL.

Kenneth Wright is curriculum direc 
tor of athletic training at The University of 
Alabama.
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sional Examination Service studied the 
most appropriate content for the certifica 
tion examination for entry-level athletic 
trainers (15). Of the 173 competencies 
included in the Competencies in Athletic 
rra/rtwg(16),onlyonedealswithpharma- 
cology. It is Task #4, Rehabilitation and 
Reconditioning, Cognitive Domain #7— 
Role and function of commonly used phar 
macological agents in the medical treat 
ment of common athletic injuriesAllnesses 
(16). There is much more to using pharma 
cological agents than this competency re 
flects. Therefore, athletic trainers are faced 
with the challenge of individually decid 
ing their particular role in pharmacology 
and athletic training.

We present information concerning 
drug classification and requirements for 
handling various medications. Federallaw 
will serve as the baseline for this informa 
tion. However, state reference sources 
should be consulted because of the diver 
sity of the federal and state laws. Whether 
to comply with the state law or the federal 
law is subject to debate. An accepted 
practice is to comply with the more strin 
gent law or regulation (18).

Definitions
Definitions of pharmacological terms 

are important in understanding regulations. 
For clarification, the following terms are 
defined:

Administer - to directly apply a con 
trolled substance, whether by in 
jection, inhalation, ingestion, or 
any other means, to the body of a 
patient or research subject by: a) 
a practitioner or, in his or her 
presence, an authorized agent; or 
b) the patient or research subject 
at the direction and in the pres 
ence of a practitioner (3) 

Dispense - to deliver a controlled sub 
stance to an ultimate user or re 
search subject by, or pursuant to, 
the lawful order of a practitioner, 
including prescribing, adminis 
tering, packaging, labeling, or

compounding the substance for 
delivery (3); to sell, distribute, 
leave with, give away, dispose 
of, deliver, or supply (19)

Drugs - all medicinal substances, 
preparations, and devices recog 
nized by the United States 
Pharmacopoeia andNational For 
mulary, or any revision thereof, 
and all substances and prepara 
tions intended for external use in 
the cure, diagnosis, mitigation, 
treatment, or prevention of dis 
ease in humans or animals, in 
cluding all substances and prepa 
rations other than food intended 
to affect the structure or function 
of the body (19)

Legend Drug - any drug, medicine, 
chemical, or poisonlabeled, "cau 
tion, federal law prohibits dis 
pensing without prescription," or 
similar wording indicating that 
the drug, medicine, chemical, or 
poison may be sold or dispensed 
only with the prescription of a 
licensed medical practitioner (19)

License - the grant of authority by the 
State Board of Pharmacy to a 
person authorizing him or her to 
engage hi the practice of phar 
macy in that state (19)

Medical Practitioner - any physician, 
dentist, veterinarian, or other per 
son authorized by law to treat, 
use, or prescribe medicine and 
drugs for sick and injured hu 
mans or animals in a particular 
state (19)

Medicine - any drug or combination 
of drugs that has the property of 
curing, diagnosing, preventing, 
treating, or mitigating diseases, 
or that which may be used for 
such purposes (19)

Prescription - any order for drugs or 
medical supplies, written, signed, 
or transmitted by word of mouth, 
telephone, telegraph, closed cir 
cuit, television, or other means of
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communication by alegally com 
petent practitioner, licensed by 
law to prescribe and administer 
drugs and medical supplies that 
are intended to be filled, com 
pounded, or dispensed by a phar 
macist (19) 0

Drug Classifications and 
Registration

The federal government has divided 
drugs into three categories: legend (pre 
scription) drugs, controlled substances, and 
over-the-counter (OTC) drugs. In addition 
to legend drugs, the Drug Enforcement 
Agency (DEA) has developed a controlled 
drug system for the classification of pre 
scription drugs that are considered to have 
a potential for abuse. Those drugs are 
listed in Chapter 21 of the Code of Federal 
Regulations. All controlled substances are 
placed in one of five classes, based on the 
characteristics of that particular drug. The 
most strictly controlled drugs are placed in 
Schedule I, while those drugs that are the 
least controlled are placed in Schedule V 
(22).

The following list presents abrief over 
view of the five classifications, the criteria 
for each class, and examples of drugs in 
each schedule (3,18,22). Although the 
federal government has established a sys 
tem for the classification of controlled sub 
stances, each athletic trainer should con 
sult with his or her state and local regula 
tions to insure compliance with all laws.

Schedule I:
1) The substance has high potential 

for abuse.
2) The substance has no accepted 

medical use in treatment in the 
United States, or itlacks accepted 
safety for use in treatment under 
medical supervision. 

Examples: heroin, lysergic acid 
diethylamide (LSD), and marijuana

Schedule II:
1) The substance has a high poten 

tial for abuse.
2) The substance currently has ac 

cepted medical use in treatment 
in the United States or accepted 
medical use with severe restric 
tions.

3) The abuse of the substance may 
lead to severe psychic or physical 
dependence.

Examples: diphenoxylate, morphine,

and methadone

Schedule in:
1) The substance has a potential for 

abuse less than the substances 
listed in Schedules I and n.

2) The substance currently has ac 
cepted medical use in treatment 
in the United States.

3) Abuse of the substance may lead 
to moderate or low physical de 
pendence or high psychological 
dependence.

Examples: anabolic steroids, methyl- 
phenidate, and phencyclidine

Schedule IV:
1) The substance has a low potential 

for abuse relative to substances 
in Schedule HI.

2) The substance currently has ac 
cepted medical use in treatment 
in the United States.

3) Abuse of the substance may lead 
to limited physical or psycho 
logical dependence relative to the 
substances in Schedule ffl.

Examples: barbital, chloral hydrate,
and phenobarbital

Schedule V:
1) The substance has alowpotential 

for abuserelativeto the controlled 
substances listed in Schedule IV.

2) The substance currently has ac 
cepted medical use in treatment 
in the United States.

3) The substance may lead to lim 
ited physical or psychological de 
pendence relative to the con 
trolled substances listed in Sched 
ule IV.

Examples: codeine andethylmorphine

For a complete list of controlled sub 
stances, refer to the Code of Federal Regu- 
lations Title 21, Part 1308,1991. All other 
legend medications that are not controlled 
in Schedules I through V require a pre 
scription prior to dispensing. Examples of 
those substances are anti-inflammatory 
drugs (naproxen), muscle relaxants 
(methocarbanol), and antibiotics (penicil 
lin).

The Code of Federal Regulations pre 
sents a generic statement for classifying 
controlled drugs (22). Individual states 
have more specific rules that often are 
more restrictive. You should know your 
state's specific guidelines.

Federal and state regulations require 
that all sites that dispense controlled sub 
stances have on file the proper registration 
forms for that location (1,21). This site 
documentation must be updated and com 
pleted properly on an annual basis. In 
addition to registration, facility adminis 
trators also must provide the following: 
security arrangements that are established 
to guard against theft; current, readily re- 
trievablerecords of inventories; and acom- 
plete inventory of all stocks of controlled 
substances that is made every two years 
(21). Each controlled drug must have the 
following information on the inventory 
record: name, dosagef orm and unit strength, 
number of units or volume, and number of 
commercial containers of each substance 
(17).

Record Documentation
The Food and Drug Administration 

(FDA) has developed a system of labeling 
any substance found in Schedules I through 
V. The following label information is the 
minimum required (11):

a) The name of the patient to whom 
the controlled substance was dis 
pensed

b) The date that the controlled sub 
stance was dispensed

c) The name and quantity of the 
controlled substance

d) Instructions for taking or admin 
istering the controlled substance

e) The name of the physician dis 
pensing the controlled substance

f) A statement explaining what the 
drug is intended to be used for

State law may require additional in 
formation (18), such as:

g) The name and address of the phar 
macy

h) The serial number of the pre 
scription

i) The address of the patient
j) The initials or name of the dis 

pensing pharmacist
k) The drug name, strength, and 

manufacturer's lot or control num 
ber

1) The expiration date of the drug, if 
any

m) The name of the manufacturer or 
distributor

Furthermore, over-the-counter (OTQ 
drugs must have certain information on the 
container label before the substance can be 
legally dispensed without a prescription.
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The label must include: name of the prod 
uct, name and address of the manufacturer, 
net contents of the package, name of all 
active ingredients, name of any habit-form 
ing drug contained in the preparation, cau 
tions and warnings, and adequate direc 
tions for safe and effective use (18). The 
label must be legible and attached to the 
container in which the drug is administered 
(8,12). Furthermore, the information must 
be written with "adequate directions for 
use," which means that the average person 
can safely use the medication for the pur 
pose intended (11).

Another aspect in the control of medi 
cations is keeping accurate dispensing 
records. The minimum standards include 
(2,20):
a) Date that the controlled substance 

was dispensed
b) Name and quantity of the controlled 

substance dispensed
c) Methods of administration of the con 

trolled substance
d) Name of the patient to whom the 

controlled substance was dispensed
e) The diagnosis and the reason for the 

prescription for Schedule n amphet 
amines

Therefore, if controlled substances are 
located in and administered from either the 
traditional or non-traditional athletic train 
ing facility, it is recommended that accu 
rate, systematic record keeping be a high 
priority (7). It should be noted that all 
medications, whether purchased from a 
licensed distributor or received in the form 
of sample packages, must be documented 
in the same fashion (17,18). Accountabil 
ity remains constant in the issuance of all 
pharmacological substances (2,8).

Recommendations
Athletic trainers who dispense medi 

cations of any kind should consider these 
recommendations:

1) Obtain a copy of your state'slaws and 
regulations pertaining to ordering, pre 
scribing, possessing, distributing, and 
dispensing all medications.

2) Review your credentials to insure that 
you meet the minimum standards that 
will allow you to be involved with 
handling legend drugs and controlled 
substances.

3) Contact your state board of pharmacy 
to assist you in establishing a written 
policy involving medications. Ad 
dresses and telephone numbers of State 
Boards of Pharmacy are listed in the 
Pharmacy Law Digest (18).

4) Discuss with legal counsel your in 
volvement as it relates to medications 
and policies.

5) Clarify with legal counsel the judicial 
philosophy regarding the concept of 
"standing orders."

6) Use the university, college, or school 
health clinic for housing and distribut 
ing medications.

7) Maintain accurate, up-to-date records 
of all medications (prescription and 
over-the-counter) housed in your fa 
cility.

8) Establish appropriate labeling proce 
dures to conform to legal standards for 
both controlled and non-prescription 
drugs.
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A Lisfranc's Fracture-Dislocation in a 
Collegiate Football Player

Robert J. Sauers, MEd, ATC
Emil J. Dilorio, MD

Carl B. Weiss, Jr., MD

ABSTRACT: The Lisfranc's fracture-dis 
location is an extremely serious injury that 
needs immediate recognition and treat 
ment. In displaced fractures, swelling and 
deformity mil be evident. But, often, be 
cause of spontaneous reduction, chronic 
midfootpain and arthritis may result if the 
injury goes unrecognized. The tarsomet- 
atarsaljoint, referred to as Lisfranc's joint, 
can be fractured and dislocated by direct 
or indirect forces. In football, one possible 
injury mechanism occurs when afoot that 
is planted on the ground receives an axial 
force applied to the heel as the forefoot is 
hyper extended. Using a classification sys 
tem, the dislocation can be identified and 
treated in reference to the damage done. 
Treatment should consist of a thorough 
examination, including evaluation of the 
vascular supply. The athlete should be 
immobilized and transported properly, 
nonweight-bearing, for medical referral. 
Correct rehabilitation will allow the ath 
lete to return to competition.

T he Lisfranc's fracture-dislocation is 
an injury that occurs when the 

tarsometatarsal joint is disrupted beyond 
ligamentous and bony stability (6). This 
injury rarely occurrs, but it is one that 
requires immediate recognition by the ath 
letic trainer (2,5,6). In a patient with a 
fracture-dislocation, deformity of the area 
helps with diagnosis. In a patient with any
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foot injury, a physical examination is very 
important (7).

This report is provided so that the 
reader can gain an understanding of the 
mechanism of injury, treatment, and reha 
bilitation. Lisfranc's fracture-dislocation 
injuries are associated with a high potential 
for chronic disability (1).

A 19-year-old collegiate football full 
back injured his left foot during practice. 
He was unab le to walk and was assisted off 
the field hi a nonweight-bearing manner. 
He was unable to describe how the injury 
happened, except to note that pain clearly 
was radiating from his foot.

We removed his shoe and sock, and 
deformity of the midfoot region was evi 
dent. The dorsalis pedis pulse from the 
artery lying dorsally between the first and 
second metatarsal was absent. Immediate 
reduction was performed by the athletic

trainer on the field, because disruption of 
these bones places the artery at risk. Re 
duction was done by applying steady ante 
rior traction on the forefoot. The pulse 
returned immediately and the athlete felt 
relief.

Further examination revealed insta 
bility and crepitus, along with swelling and 
tenderness over the midfoot. An airsplint 
and ice were applied, and the athlete was 
transported to the team physician for treat 
ment. Radiological examination revealed 
aLisfranc's fracture-dislocation of the foot 
(Fig 1). The X-rays showed fractures of the 
second and third metatarsal heads, with an 
avulsion fracture at the base of the fifth 
metatarsal. Theanteroposteriorradiograph 
showed that the first metatarsal was dis 
placed medially, and that the remaining 
four metatarsals were displaced laterally 
(Fig 2). This is known as a divergent

Rg 1—Lisfranc's fracture-dislocation of the sec 
ond and third metatarsal heads

Fig 2—First metatarsal displaced medially; sec 
ond through the fifth displaced laterally
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fracture-dislocation (2).
The athlete was placed in a bi-valve 

cast and admitted to the hospital where 
closed reduction was performed by placing 
traction through the mid- and forefoot us 
ing Chinese finger traps, which were ap 
plied to the toes of the foot. Pressure was 
then applied downward via the heel as the 
fracture fragments were manipulated. Fol 
low-up X-rays showed improved align 
ment of the second and third metatarsal 
head fractures, as well as the first through 
the fifth metatarsal cuneiform joints. Cast 
ing was recommended because the reduc 
tion was stable. If the reduction had been 
unstable, pin fixation would have been 
necessary (7).

Rehabilitation of the foot was initi 
ated after the cast was removed. This 
included mobilization and exercise, with 
the emphasis on edema reduction. Gentle 
mobilization focused on increasing mobil 
ity of metatarso-phalangeal (MP) joints 
and the ankle mortise. Exercises included 
passive and active assistedrange of motion 
activities such as towel stretching, wall 
stretching, alphabet formation, and clock 
wise/counterclockwise activities.

Electrical muscle stimulation was ap 
plied during each treatment to help reduce 
the edema and improve mobility of the foot 
and ankle. Pads were placed on the dorsum 
of the foot and around the malleoli to help 
encourage the pumping motion. Ice was 
applied and the extremity was elevated 
after each session. Ultrasound was applied 
during the first ten treatments to help scar 
tissue to form correctly.

Manual resistance, surgical tubing 
exercises, and an ankle strengthening ma 
chine were employed to develop muscle 
strength. The athlete's use of the pool, 
bicycle, rowing machine, and climber were 
important for cardiovascular training dur 
ing the rehabilitative process. Aquatic 
therapy consisted of walking, running, and 
resistance work with swim fins and kick 
boards.

Manual stretching was performed on 
the gastrocnemius and soleus to improve 
plantar flexion. Toeing-off exercises and 
gait training were incorporated into the 
overall program.

Functional training was initiated us 
ing sport-specific drills. Cariocas, running 
circles, squares, cuts, and figure eights 
were used to help evaluate the athlete func 
tionally. The athlete was able to play 
football one year later with the aid of a 
steel-plated shoe.

Discussion
The tarsometatarsal (Lisfranc's) joint 

consists of five metatarsal bones, three 
cuneif orms, and the cuboid. The key to the 
stability of the tarsometatarsal joint lies in 
the structure of the second metatarsal base. 
Fractures to this area contribute to instabil 
ity. In addition to these bones, ligaments 
also provide stability (3).

The forces that are responsible for the 
Lisfranc's fracture-dislocation are either 
direct or indirect (2,3). A direct force 
would result from a heavy weight being 
dropped on the foot. This athlete sustained 
an indirect force, which occurred when his 
forefoot was planted on the ground and a 
tackier from behind landed on his heel, 
applying an axial force. The forefoot was 
hyperextended as the force was applied to 
the tarsometatarsal joint causing disrup 
tion (Fig 3).

and slightly mobile (4). Injuries to this area 
may be overlooked if the dislocation spon 
taneously reduces and is not properly evalu 
ated. In a case of gross deformity, such as 
this, the diagnosis is evident. It is impor 
tant to realize that spontaneous reduction 
may occur causing the diagnosis to be 
more difficult to make (3).

In addition to recognizing the swell 
ing and deformity, the athletic trainer must 
check the dorsalis pedis pulse. The artery 
is at risk of damage in this type of injury, 
and aloss of blood flow canresult in severe 
complications of the foot. Reported as a 
rare condition, tarsometatarsal joint inju 
ries are occurring with increasing frequency 
in athletes. This may be the result of the 
change in footwear and/or the increase in 
the forces that athletes are exposed to on 
the playing field.

Fig 3. —Axial force applied to the heel with the foot in plantar flexion, causing a Lisfranc's fracture- 
dislocation

Using a classification system based 
on displacement, the injury is identified as 
total, partial, or divergent (2,3). Under 
Hardcastle's classification (2), this athlete 
sustained a divergent Lisfranc's disloca 
tion when the first metatarsal displaced 
medially and the remaining four metatar- 
sals displaced laterally (2,3).

Because the forefoot also was inverted 
during this injury, the fifth metatarsal sus 
tained an avulsion fracture at the base. The 
hyperextended position of the toes caused 
the fractures of the second and third meta 
tarsal heads.

The tarsometatarsal joint, also referred 
to as Lisfranc's joint, is relatively complex
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Effects of Varying Recovery Periods on 
Muscle Enzymes, Soreness, and 
Performance in Baseball Pitchers

Jeffrey A. Potteiger, PhD
Daniel L. Blessing, PhD
G. Dennis Wilson, EdD

ABSTRA CT: In this study we examined the 
effects of varied recovery time on serum 
creatine kinase (CK), serum lactate dehy- 
drogenase (LDH), muscle soreness, and 
pitch velocity in baseball pitchers. Ten 
males who had pitching experience par 
ticipated in the study. After an 18-day 
training period, subjects pitched three simu 
lated games. Game A and Game B were 
separated by four days of rest, while Game 
B and Game C were separated by two days 
of rest. CK, LDH, and muscle soreness 
were evaluated at the following times: 
before and immediately after exercise, and 
six, 24, 48, and 72 hours after exercise. 
Muscle performance was evaluated by 
measuring pitch velocity during the games. 
The CK level was elevated after each game 
(Game A - 249 Ull; Game B - 243 Ull; and 
Game C - 240 Ull); then it dropped toward 
baseline (p<J).01). CK post-exercise val 
ues were not different among games A, B, 
and C. LDH displayed a response similar 
to CK; however, there was a reduction 
over the span of the games (p<i0.05). 
Muscle soreness was significantly elevated 
immediately after exercise (p<j0.01) com 
pared to all other measurement times. Pitch 
velocity was not different among games A,
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B, and C. Results indicate that muscle 
damage, as evidenced by CK release, oc 
curs in response to baseball pitching. 
However CK values, muscle soreness, and 
pitch velocity are not significantly affected 
by changes in the amount of recovery time 
typically scheduled between games.

T he appearance of intramuscular en 
zymes in the blood following strenu 

ous exercise provides evidence of skeletal 
muscle fiber damage (5,7,13,14,18). Crea 
tine kinase (CK) and lactate dehydroge- 
nase (LDH) are two physiological markers 
that have been used as indicators of skel 
etal muscle damage. The efflux of CK and 
LDH into the blood has been attributed to 
structural damage of the muscle fibers 
(1,4,8,9).

It has been reported that eccentric 
muscular contractions result in a greater 
CK and LDH efflux than concentric mus 
cular contractions (11,15,16,18,20). The 
increased enzyme efflux is attributed to the 
generation of higher tensions by active 
muscle fibers during the eccentric contrac 
tions. The higher tension is thought to 
initiate some form of mechanical damage 
to the muscle that allows enzyme efflux 
into the blood.

The enzyme efflux that occurs after 
exercise may bemodifiedby training (7,19) 
or repeated bouts of eccentric exercise 
(5,12). In these studies, previous training 
or eccentric exercise by the subjects re 
duced the amount of enzyme efflux during 
subsequent exercise bouts. Conversely, 
several studies show that a significant en 
zyme efflux still may occur following acute 
strenuous exercise, even when previous 
bouts of exercise have been performed 
(2,3,22).

The role of prior eccentric exercise on 
muscle enzyme release and performance is 
still unclear and deserves further study. 
The majority of past research has exam 
ined muscle enzyme release, muscle sore 
ness, and performance in response to run 
ning, stepping, and isometric exercise bouts. 
The effect of other types of sport and exer 
cise on these variables needs investigation. 
The purpose of this study was to examine 
the effects of varied recovery periods be 
tween games of baseball pitching on serum 
enzyme levels, muscle soreness, and per 
formance.

Methods
Ten males, who had prior experience 

as baseball pitchers, participated in the 
study. Age, height, and weight were (mean 
± SE) 22.6 ± 1 yr, 173.0 ± 2 cm, and 72.9 
+ 4 kg, respectively. As outlined by the 
American College of Sports Medicine, the 
experimental procedures were explained 
in detail, and the subjects signed an in 
formed consent prior to participation in the 
study.

Subjects were required to report to the 
laboratory to participate in an 18-day train 
ing program. On alternating days, each 
subj ect threw a specified number of pitches 
at a predetermined percentage of their 
maximum velocity. The starting number 
of pitches for the training program was 
established at55 and then increased by five 
pitches per workout until training was com 
pleted. By the end of the training program, 
subjects were throwing 100 pitches per 
workout. The beginning percentage of 
maximum velocity was 50% and was peri 
odically increased to 100% for the last six 
days of the training program. During each 
training session, the subjects were given a 
warm-up similar to that employed before
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participation in a typical game situation. 
After warm-up, they threw 14 pitches per 
inning, with a six minute rest between 
innings, until they threw the predetermined 
number of pitches.

Subjects did not pitch for three days 
folio wing training. They then pitched three 
simulated games with four days rest be 
tween Games A and B and two days rest 
between Games B and C (Table). The four- 
day recovery period was selected because 
it is an established routine for baseball

measures between games.
We attempted to establish a pitching 

protocol similar to a game situation. Sub 
jects were allowed 45 warm-up pitches 
prior to the game and five warm-up pitches 
prior to each inning. Warm-up pitches 
were thrown at the rate of one pitch every 
12 seconds. Subjects then threw 14pitches 
per inning at a rate of one pitch every 20 
seconds. At the end of 14 pitches (one 
inning), they rested six minutes and then 
threw during the next inning. Testing was

Experimental Protocol

Pitching 
Assignment

Game - A

Game-B

Game-C

Day

1

2

3

4

5

6

7

8

9

10

11

Blood Collection 
Before & after exercise

Before, immediately after, 6 hr after

24 hr after

48 hr after

72 hr after

rest -no collection

Before, immediately after, 6 hr after

24 hr after

48 hr after

72 hr after, before, immediately after, 6 hr after*

24 hr after

48 hr after

12 72 hr after 

* 72 hr after Game B and before exercise Game C are the same sample.

pitchers. The two-day recovery period 
was selected in an effort to reflect the 
unusual strategies used in post-season play 
and the recovery periods employed by re 
lief pitchers. Randomization of the proto 
cols within subjects did not occur because 
we felt that the two-day recovery period 
would have a carry over effect on the 
subsequent pitching performance.

During the time between the pitching 
performances, the subjects were instructed 
to refrain from participating in any physi 
cal activity. There were no instructions 
given regarding the use of any therapuetic

complete when the subjects finished seven 
innings of pitching. The total number of 
pitches thrown, excluding warm-ups, was 
98. The protocol for the number of pitches 
and the between-inning rest was devel 
oped from previously recorded experimen 
tal data dealing with competitive collegiate 
games lasting seven innings.

Blood for CK and LDH was collected 
from the non-pitching armviavenipuncture. 
Six samples (5 ml each) were collected at 
the following times: (a) before exercise; 
(b) immediately after exercise; and (c) six, 
24,48,72 hours after exercise (Table). The

blood was allowed to clot and then was 
spun at 3000 rpm for 20 minutes in an IEC 
Centra-7R refrigerated centrifuge A visual 
examination was performed to ensure that 
no hemolysis was present. The serum was 
divided into two separate storage tubes. 
The serum to be used for a CK level was 
frozen (-10 to -15° C) and analyzed within 
72 hours. The serum for the LDH level was 
stored at room temperature (21° Q and 
analyzed within 72 hours. Creatine kinase 
was analyzed using Sigma procedure No. 
16-UVandLDH was analyzedusing Sigma 
procedure No. 47-UV (Sigma Diagnostics, 
St. Louis MO).

During each game, pitch velocity was 
monitored as a measure of performance. 
Each pitch was measured with a calibrated 
radar gun (RA-GUN G 1, Decatur Elec 
tronics, Decatur GA). On all pitches, sub 
jects were instructed to maintain a velocity 
equal to or greater than 95% of their maxi 
mum velocity. Maintenance of near maxi 
mal pitching velocity was enforced to en 
sure that each subject was performing with 
a close to maximal effort on each pitch. 
Subjects were instructed to throw pitches 
eight, nine, and ten with their maximal 
effort, and these values were recorded as 
maximal pitch velocity.

Subjects were asked to rate their per 
ception of soreness in the muscles of the 
pitching arm and muscles of the legs at all 
blood collection times. The Abraham (1) 
scale for muscle soreness was used to evalu 
ate general soreness as follows: 0 - com 
plete absence of soreness; 1 -light pain felt 
only by palpation; 2 - moderate soreness, 
some stiffness and/or weakness, especially 
during movement; and 3 - severe soreness, 
distressing pain that limits the range of 
motion.

A repeated measures analysis of vari 
ance (ANOVA) (treatment x time) was 
used to examine the results. Orthogonal 
polynomial comparison tests were em 
ployed to determine where the differences 
occurred. Significance was established at 
the p<0.05 level.

Results
Creatine kinase response to the three 

pitching performances are shown in Fig 1. 
The response to each game was very simi 
lar; all three games elicited a significant 
increase in CK level (F(2,12)=23.61, 
p=.0001). Peak CK values occurred at 24 
hours after exercise for Game A (249 U/l) 
and Game B (243 U/l), but at six hours after 
exercise for Game C (240 U/l). Following
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SAMPLING TIMES

soreness immediately after exercise, and 
this value was significantly different from 
all other values (F(2,12)=21.00, p=.0001). 
Subjects reported no muscle soreness in 
the legs in response to any of the pitching 
performances.

The effects of the varied recovery pe 
riods did not significantly change the pitch 
ing velocity among games (Fig 4), although 
there was a slight trend toward decreased 
velocity in Game C (F(2,21)=2.65, p=.l 1). 
Subjects were able to maintain their pitch 
ing velocity throughout the entire game, 
and there were no significant differences 
within games for any inning (F(2,29)=0.34, 
p=.70).

Fig 1.—Creatine kinase response prior to and following a game (mean±SE); * Significant quadratic 
effect within games A, B, and C (p<0.01)

each game, the enzyme levels then de 
creased, approaching baseline values at 72 
hours after exercise. There were no signifi 
cant differences between the three games 
at any of the sampling times (F(2, 12)=0.52, 
p=.87).

Fig 2 shows the LDH response to the 
games. As with CK, the LDH profile 
exhibited a significant LDH increase after 
each game (F(2,12)= 17.29,p=.0001). Peak 
values for LDH occurred at six hours after 
exercise in each case. There appeared to be 
a change in the response of LDH to the 
repeated games. In general, the LDH val 
ues for Game B (F(2,12)=3.87, p=.05) and 
Game C (F(2,12)=10.99, p=.002) were 
lower than for Game A (p<.05).

Data for muscle soreness in the pitch 
ing arm are exhibited in Fig 3. In each 
protocol, the subjects reported the greatest

160-r

SAMPLING TIMES

Fig 2—Lactate dehydrogenase response prior to and following a game (mean ±S E); 1 -pre-exercise 
games A and B different from game C (p<0.05); 2-game A different from games B and C (p<0.05); 
* Significant quadratic effect within games A, B, and C (p<0.01)

SAMPLING TIMES

Fig 3—Muscle soreness in the arm prior to and following a game (mean ± SE); 1 -immediate post- 
exercise different from all other values within games A, B, and C (p<0.01)

Discussion
It is commonly believed that the ap 

pearance of intramuscular enzymes in the 
blood is an indicator of skeletal muscle 
damage (5,7,13,14,18). It has been shown 
that enzyme efflux occurs in response to 
unaccustomed eccentric work or long du 
ration strenuous exercise (11,15, 1 6,18,20); 
however, previous training or prior partici 
pation in exercise may modify or provide a 
protective effect to subsequent enzyme 
release (5,7,10,17,21).

The CK and LDH post-exercise pro 
files for the individual pitching perfor 
mances are similar to those reported in 
other studies using trained subjects (5,7). 
There was no significant modification of 
CK release among the pitching perfor 
mances in our study. We believe that the
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Fig 4.—Pitch velocity during a seven inning game (mean ± SE); * No significant difference within or 
between games

modification of enzyme release occurred 
during the 18-day training program. Other 
studies have demonstrated that the major 
ity of the protective effect against enzyme 
release may occur after only one acute bout 
of exercise (6,21).

The high intensity levels required dur 
ing pitching made it impossible to examine 
enzyme levels without prior training. In an 
effort to protect our subjects from injury, 
they participated in an 18-day training pro 
gram prior to testing. If previous studies 
dealing with trained and untrained subjects 
are accurate, then we conclude that the 
modification of enzyme release occurred 
during the training program. Therefore, it 
appears that the CK and LDH response 
shown in this study is a normal occurrence 
in trained pitchers and is not significantly 
affected by either four days or two days of 
recovery.

While there was an increase in muscle 
enzyme efflux folio wing pitching, themea- 
surement of enzymes in the general circu 
lation does not allow conclusions to be 
made about which muscle groups are in 
volved with enzyme release and possible 
muscle damage. If determination of en 
zyme release from specific muscle groups 
can be made, then there exists the possibil 
ity of using enzyme levels folio wing pitch 
ing as a clinical marker of arm overuse or 
arm injuries. Future research in this area is 
needed in an effort to make these determi 
nations.

The majority of studies examining 
muscle soreness have found peak soreness 
levels to occur between 24 and 48 hours

after exercise (1,5,6,8,13,18). Our sub 
jects experienced the greatest arm soreness 
immediately after exercise (Fig 3). Arm 
soreness then decreased over the next 72 
hours. The profile for muscle soreness was 
similar following all three games. Past 
studies have demonstrated that muscle sore 
ness is reduced in response to training 
(5,12). There were no significant differ 
ences in muscle soreness levels among 
games, and we believe that a reduction in 
delayed muscle soreness occurred during 
the training program. The subjects re 
ported no soreness in the muscles of the 
legs before or after any of the pitching 
performances.

Maximal pitching velocity was re 
corded as a measure of muscle perfor 
mance during each game (Fig 4). There 
were no significant differences in velocity 
among games, although there was a trend 
(F(2,21)=2.65, p=0.11) for velocity to be 
lower in Game C. Examination of the data 
reveals that for every inning of Game C, the 
mean velocity was lower (although not 
significantly) than in either Game A or 
Game B. Pitch velocity for Game C was 
2.7% lower than Game A and 1.9% lower 
than Game B. While the percentage de 
crease may seem rather small, in game 
competition, the decrease in pitch velocity 
may be a determining factor in successful 
performance. It is quite possible that sub 
jects were not able to generate the same 
amount offeree following a two-day rest as 
they did following a normal four-day rest. 
These observations are supported by 
Newham et al. (12) who observed a de

crease in maximal force production for as 
long as two weeks following exercise-in 
duced CK release. In addition, Clarkson 
and Tremblay (6) saw force production 
decrease following maximal eccentric ex 
ercise, then take as long as five days to 
recover to pre-exercise levels.

Baseball pitching appears to cause a 
release of the intramuscular enzymes CK 
and LDH that is similar to that seen in other 
forms of exercise. The difference between 
four-day and two-day recovery periods for 
baseball pitching does not significantly 
change CK release, although it may result 
in a modification of LDH release. The 
difference in recovery periods also has no 
significant effect on muscle soreness or 
pitch velocity, although it is interesting to 
note the trendforpitch velocity to beslighfly 
lower following the two-day recovery pe 
riod. We believe that elevated CK levels 
may indicate muscle damage, which could 
compromise pitching performance. It ap 
pears that further research is needed in an 
effort to determine if monitoring CK re 
lease from muscle tissue following pitch 
ing is related to subsequent baseball pitch 
ing performance.
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TIP FROM THE FIELD

Building an Adjustable Slide Board

T oday, closed kinetic chain rehabili 
tation for the lower extremities is 

the trend (1). Slide board activities are 
very beneficial in developing cardiovas 
cular fitness, muscular strength and en 
durance, proprioceptive awareness, and 
functional activities (2), and have proven 
to be effective for closed kinetic chain 
rehabilitation.

With prices ranging from $80 to $375 
for commercially manufactured slide 
boards, aless expensive slideboard would 
be of value to those athletic trainers who 
are limited by budget constraints. This 
article is designed to assist any athletic 
trainer who could benefit from an adjust 
able slide board that can be constructed 
for approximately $40 and in about three 
hours (not including a 24-hour drying 
period) using standard materials (Table 
1) and tools (Table 2).

The slide board adjusts from six feet 
to eight feet in length to accommodate 
workload changes.

Method of Construction
The first step in constructing an ad 

justable slide board is preparing the base. 
After all of the materials are acquired, 
begin by attaching the two eight-foot 2" x 
4"s (Table 1, item M2) to the 2' x 8' sheet 
of Vi" plywood (M3) with the deck screws 
(Ml). To complete the base, glue and 
screw the five 17" 2" x 4"s (M4) to the 
plywood. Two of these will be placed at 
the ends of the base. One is placed in the 
center of the base and the remaining two 
are placed between the center brace and 
the two side braces (Fig 1).

The second step is mounting the 
Marlite (M5) to the base by using the

Frank Trenney is a student athletic 
trainer at Indiana University of Pennsyl 
vania in Indiana, PA.

Frank A. Trenney

Table 1—Materials for Constructing a Slide Board

Item 
Number* Quantity

M1 25

M2 2

M3 1

M4 5

MS 1

M6 1

M7 2

M8 2

M9 2

M10 5

M11 2

Size

\vt
8'

2'x8'

17"

2'x8'

tube

3'

4"x3'

16" x 3'

4"

4"

M12 1 can 

*Refers to reference in text

Description

deck screws

2"x4"

1/a" plywood

2"x4"

1/4" Marlite

Liquid Nail

4"x4"

1/2"Wgh 
density foam

vinyl or 
equivalent

nails

3/4n pipe 
(galvanized)

car wax

Table 2 — EquipmentATools for Constructing a Slide

Source

Lumber Yard

Lumber Yard

Lumber Yard

Lumber Yard

Lumber Yard

Lumber Yard

Lumber Yard

Sports Med. 
Clinic

Discount 
Store

Lumber Yard

Lumber Yard

Discount 
Store

Board

Tape measure

Staple gun and W staples

Electric drill

3/4" drill bit

1" drill bit

Screwdriver 

Pencil 

Hammer 

Caulking gun 

Electric circular saw
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J
Fig 1.—The completed base

Liquid Nail (M6). The cement is spread 
in a zig-zag manner on the top of the base 
(Fig 2), then the Marlite is placed on top 
of the base. After the Marlite is in place, 
determine the front and back edges of the 
board. Measure 2" from both the right 
and left sides along the back edge and 
mark with a pencil. Using a straightedge, 
draw a line from the front corners to these 
2" marks (Fig 3). Cut along these lines 
with the electric saw. After this is com 
pleted, place a bed sheet and weights on 
top of the Marlite surface and allow the 
cement to dry for 24 hours to ensure a 
good bond.

The third step of construction is pre 
paring the bumpers. After allowing the 
base to dry for 24 hours, take the two 4" x

Fig 2.—The application of the contact cement to 
the base

Fig 3—Diagram depicting the cutting of the slide 
board. Notice that the front of the board is wider 
than the back in order to accommodate foot 
position at impact and push-off.

4"s (M7) and place them on top of and 
flush with the top right and left sides of 
the base. Mark the front and rear edges 
and cut the 4" x 4"s to fit. Glue (M6) and 
staple the W high density foam (M8) to the 
inside face of each bumper (Fig 4). Cover 
the entire bumper with the vinyl (M9). 
The vinyl should be attached snugly to the 
bumper with staples, then trimmed for 
neatness.

Fig 4—The stapling of high density foam to the 
inside face of the bumper

The fourth step is mounting the 
bumpers onto the base. Because one of 
the bumpers will be fixed permanently to 
the board, it can be cemented and nailed 
to the base, using the five 4" nails (M10).

Because the second bumper is to be 
adjustable, two W holes will be drilled 
into the bottom of the bumper. Each hole 
should be drilled IVi" from the outside 
edge of the bumper, 2" deep. Glue the two 
pieces of 3/4" pipe (Ml 1) into the holes. 
Then, drill 1" holes 2" deep into the base, 
using the bumper as your guide (Fig 5).

Fig 5.—The completed adjustable bumper. 
Notice the vinyl covering and the pegs with the 
corresponding holes in the slide board.

When the slide board is complete 
(Fig 6), wax (Ml2) and polish the Marlite 
surface. The board is ready for a workout 
after it has been prepared with the wax 
coating and the athlete has covered his or 
her shoes with a sock or some type of 
casting stockinette. For proper mainte-

Fig 6—The completed adjustable slide board

nance, the board should be waxed two or 
three times a week.
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TIP FROM THE FIELD

Improved Technique for Fabricating an 
RTV-llSiliconeCast

John W. Robinson, MS, ATC, EMT

R TV-l 1 silicone rubber casting is an 
accepted procedure for protecting 

and stabilizing the upper extremity. 
Nondisplacedscaphoidfractureshavebeen 
successfully managed with RTV-l 1 cast 
ing since 1973 (5), and I have used it as a 
protective playing cast since 1983.

RTV-l 1 is especially useful in con 
tact sports because it protects the oppo 
nent as well as the injured athlete from 
injury. The fact that RTV-l 1 is not rigid 
in its final form makes it acceptable for 
use under both National Federation of 
State High School Athletics and National 
Collegiate Athletic Association guidelines 
(1,4).

Until now, the disadvantage of RTV- 
11 casting was the amount of time in 
volved in fabricating the cast and waiting 
for it to dry. Drying time, in particular, 
could take as long as two to four hours 
(1,3). It also has been reported that the 
cast was not functional until 24 hours 
after fabrication (2).

The step-by-step process outlined here 
demonstrates improvements in cast fabri 
cation and a significant reduction in dry 
ing time. The use of stannous octoate 
(STO) as a curing agent for RTV-11 sili 
cone rubber is the key to these improve 
ments.

Materials
1) One to two one-pound cans of 

RTV-11 silicone rubber
2) Stannous octoate (STO) catalyst
3) A mixing cup large enough to 

hold three to four ounces of 
material

John Robinson is director of athletic 
training services at The Center for Sports 
Medicine and Fitness in Ypsilanti, MI.

4) A 60-cc syringe to measure sili 
cone rubber (optional)

5) A one-cc medicine dropper for 
stannous octoate

6) A cast stand for forearm support
7) Several rolls of 2" or 3" cling 

gauze
8) 20 inches of 3" stockinette
9) One veterinary length rubber 

glove
10) Two regular disposable rubber 

gloves
11) A Ys" thick piece of Aquaplast 

or Orthoplast
12) Tape scissors and cast-cutting 

scissors
13) Paper towels
14) Tongue depressors

Preparing the Athlete
Apply aveterinary-lengthrubber glove 

to the appropriate hand or forearm.
Place a doubled 20" piece of stocki 

nette, with a hole cut for the thumb, over 
the forearm and the rubber glove (Fig 1). 
Place the athlete's forearm in the cast 
stand with paper towels under it to catch 
any dripping RTV-11 (Fig 2).

Preparing the Casting Material
Pour four to five ounces of RTV-11 

silicone rubber into a mixing cup. Add 
one-tenth ml of STO catalyst to the RTV- 
11 (ten drops from a one-cc medicine 
dropper will produce one-tenth ml). Stir 
this mixture thoroughly with a tongue 
depressor until it thickens.

This amount of RTV-11 mixture is 
sufficient for one layer of the cast. Each 
layer should be prepared separately and 
applied as soon as it is mixed because of 
the rapid curing. The RTV-11 mixture 
begins to cure in three to five minutes.

Fig 1—A stockinette is applied over a rubber 
glove.

Fig 2—A casting stand is used to support the 
forearm.

Fabricating the Cast
With the athlete's arm resting in the 

cast stand, pour the RTV-11 mixture di 
rectly onto the stockinette and spread the 
material evenly with a tongue depressor 
over the area to be protected (Fig 3). It is 
much easier to apply RTV-11 to the pal 
mar surface of the hand and forearm if the 
patient will supinate during this step; this 
movement does not adversely affect the 
finished product. The stockinette should 
then be saturated completely with RTV- 
11.

After the first layer of RTV-11 has 
been applied, wrap the entire area with a 
singlelayerof2"or3"clinggauze(Fig4).
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Rg3—RTV-11 is spread directly onto the stocki 
nette.

Fig 5.—Aquaplast is applied.

Fig 4.—Wrap the first layer of RTV-11 with cling 
gauze.

Determine the width of the gauze by the 
shape and size of the area to be covered. 
The objective is to cover the area smoothly 
and neatly. Be sure to apply the gauze 
before the first layer of RTV-11 begins to 
cure, so that it will bond with the RTV-11. 
Actually, any gauze can be used, but I 
prefer cling gauze. It adheres well to 
itself and is porous enough to allow for 
sufficient bonding between layers of RTV- 
11.

Prepare a second layer of RTV-11 
and apply it according to the previous 
description. Again, note that the RTV-11 
will begin to cure in three to five minutes 
and will become solid in approximately 
10 minutes.

Additional support can be added to 
the cast with Aquaplast or Orthoplast. If 
additional support is to be used, cut the 
material to the appropriate size and shape 
prior to beginning the cast fabrication. 
After the second layer of RTV-11 has 
been applied, heat the Aquaplast or 
Orthoplast and place it on the area requir 
ing additional support (Fig 5). Perform 
this before the second layer of RTV-11 
has cured. Hold the support material in 
place with a second layer of cling gauze 
that covers the entire cast (Fig 6). Prepare 
and apply two more layers of RTV-11, 
placing gauze between them, for a total of

Fig 6.—A second layer of cling gauze is applied 
over the Aquaplast.

four layers. The final layer of RTV-11 
will be sufficiently dry approximately ten 
minutes after its application.

Remove the cast using a pair of cast- 
cutting scissors. Make the cut along aline 
drawn on the cast between the fourth and 
fifth metacarpal. This allows the cast to 
cradle the fifth metacarpal and prevents 
the hand from slipping out of the cast 
during use. Removing the cast can be 
uncomfortable for the athlete, especially 
when cutting near the ulnar styloid. Cut 
the cast from both the distal and proximal 
ends to allow it to loosen before cutting 
near the ulnar styloid. Applying a small 
amount of Skin Lube to the tip of the 
scissors also will facilitate cast removal.

Once the cast is removed, pull the 
rubber veterinary glove from inside the 
cast. Trim the cast of all excess materials 
with a pair of tape scissors. The playing 
cast then can be reapplied to the limb and 
wrapped securely with a 2" or 3" elastic 
wrap secured with athletic tape.

This RTV-11 method allows the play 
ing cast to be fabricated and ready for use 
in approximately 40 to 45 minutes. The 
key to this time frame is to use STO as the 
catalyst for the RTV-11 silicone rubber. 
RTV-11, a General Electric product, and 
STO can be purchased at most electrical 
supply companies.
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The Problem-Oriented Approach to 
Sports Injury Evaluations

A. John Gabriel, MA, ATC

ABSTRACT: The problem-oriented ap 
proach to sports injury evaluations is used 
successfully throughout the United States 
by various health care providers, and can 
be used by certified athletic trainers to 
enhance the evaluation and management 
of sports injuries. The problem-oriented 
medical record is used successfully to pro 
vide effective communications and as a 
learning tool in health-related education. 
In this paper, I present a problem-oriented 
system for evaluating and keeping medical 
records on sports injuries. The process of 
collecting data through interviews and or 
ganizing that information is the focus.

C ertified athletic trainers often evalu 
ate physical complaints and deter 

mine how to deal with these complaints. 
The problem-oriented system of evalua 
tion and its counterpart, the problem-ori 
ented medical record, are valuable tools 
that athletic trainers should use in evaluat 
ing sports injuries.

This article presents the problem-ori 
ented system of evaluation and its imple 
mentation by certified athletic trainers. As 
a necessary complement to the problem- 
oriented system, I also discuss the prob 
lem-oriented medical record.

Background Information on 
Evaluation

The concept of the problem-oriented 
system (POS) was first developed by Weed 
(9) at Case Western Reserve University in 
Cleveland in the late 1960s. The POS is
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Peru State College in Peru, NE. He has 
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high school, and clinical settings, as well 
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gency medical technician. Gabriel was 
formerly a program director for paramedic 
training in Sioux City, IA.

used as a logical system for recording medi 
cal information and presenting that infor 
mation in a well-structured format. In 
1976, Sherman and Fields (8) produced 
Guide to Patient Evaluation: History-Tak 
ing, Physical Examination, and the Prob 
lem-Oriented Method. That text outlines 
the problem-oriented system as a method 
ology for history-taking and examination 
techniques. Included was the problem- 
oriented medical record. The authors state 
that the problem-oriented medical record 
serves a valuable function in organizing 
the ev aluation process by providing aframe- 
workfor inserting information derived from 
the problem-oriented system. It is based on 
the acronym SOAP (subjective, objective, 
analysis, and procedure).

Current literature in sports medicine 
therapy shows a need for the POS and the 
problem-oriented medical record by certi 
fied athletic trainers. In a 1981 article, I 
presented an injury evaluation form based 
on the POS that began with history taking 
and included observations, palpation, ma 
nipulation (manual testing), clinical im 
pressions, and a plan of action (5).

Booher and Thibodeau (3) outlined 
the use of a primary and secondary assess 
ment for injury evaluation, represented by 
the acronym HOPS (history, observations, 
palpation, and stress). Fahey (4) identified 
a clinical evaluation of injuries organized 
in a systematic format that includes his 
tory, inspection, palpation, and functional 
testing. Fahey then separated the primary 
and secondary surveys for use in emer 
gency situations that require rapid assess 
ment and immediate first aid.

Arnheim (2) outlined a system of in 
jury evaluation that begins with the pri 
mary assessment for on-site injury inspec 
tion followed by a secondary assessment. 
In his triad, Arnheim included the clinical 
evaluationfor determining progress during 
a rehabilitation program.

Emergency medical care textbooks 
outline the primary and secondary assess 
ments in the field, but do not elaborate on

a methodology for more extensive evalua 
tions (1,6). The advanced emergency care 
texlbook,Basic Life Support Skills Manual, 
by Phillips (7) outlines the POS and medi 
cal record for paramedics as part of a labo 
ratory exercise on field evaluations, but it 
does not go into depth on the subject.

In reviewing the current materials 
about patient assessment that are available 
to athletic trainers, there appears to be 
some uniformity in the use of aprimary and 
secondary assessment for injury evalua 
tion; however, it differs from the primary 
and secondary assessment outlined in the 
United States Department of Transporta 
tion cumculumfor emergency medical care 
training and in various emergency medical 
care textbooks (1,6,7). The primary and 
secondary assessments deal with a rapid 
review of bodily systems to determine life- 
threatening conditions first, then a quick 
examination of a victim for less critical 
injuries. The final objective of the primary 
and secondary assessment is to determine 
what injuries must be stabilized and how 
the patient is to be immobilized and trans 
ported. Fahey, and to a lesser degree 
Arnheim, have differentiated the assess 
ment of injuries from evaluation, seeing 
the need for a more detailed investigation 
of medical problems in athletes.

The Problem-Oriented System
As the first qualified health care pro 

vider to see most sports injuries, the certi 
fied athletic trainer plays an important role 
in the early detection and care of injuries. 
Consequently, the skill of the athletic trainer 
in collecting data on physical complaints 
and reaching an appropriate assessment 
affects the injury management process. 
The POS of evaluation is an investigative 
approach that can assist an athletic trainer 
in organizing the evaluation process into a 
logical framework and can have a positive 
effect on the injury management process.

The POS is based on the scientific 
method, and its primary purpose is to 
provide communications between health
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care team members working with a patient. 
The problem-oriented medical record is a 
guide for the evaluator so that the POS can 
be applied consistently throughout the 
evaluation process.

Use of this system helps to organize 
an evaluation into a logical pattern, begin 
ning with the patient history and conclud 
ing with a plan of management. The ath 
letic trainer uses the problem-oriented 
medical record to assemble a base of infor 
mation, appropriately called the database. 
All information received from the athlete 
and collected by the athletic trainer during 
the course of the evaluation is added to the 
data base and analyzed to determine a 
course of action. Sherman and Fields (8), 
discussed the methodology of the POS for 
data collection and included four basic 
components. They are as follows:

1. Data Base - The record of the 
patient's history, physical examination, and 
laboratory reports

2. Problem List - A list of the iden 
tified patient's problems kept at the front of 
the medical record

3. Plans - A written plan for each 
major problem identified, including the 
evaluator's own assessment of the factors 
involved and processes occurring, with 
recommended further studies, treatment, 
and patient education

4. Action Plans - The records of 
implementation of plans and of the patient's 
progress. These include medical orders 
(diagnostic and therapeutic), consultations, 
records of additional information from his 
tory or further physical examination, and 
records of the monitoring of the patient's 
response to treatment.

As the evaluation proceeds from the 
identification of the problem to the analy 
sis by the athletic trainer, numerous bits of 
information are added to the data base and 
create a closed loop.

The following diagram represents a 
pattern of logical thinking that theoreti 
cally never ends. Each time the athlete is 
treated for a problem, new information is 
received and a new assessment is made.

DataBase- 
A

-> Problem List

Actions
V

-Plans

The Problem-Oriented Medical 
Record

The problem-oriented medical record 
is used by a variety of health care profes 
sionals including physicians, nurses, thera 
pists, and emergency medical technicians. 
It is the framework for using the problem- 
oriented system (Figl). It aids the evalua 
tor by defining a logical sequence that 
favors problem solving. The problem- 
oriented medical record is based on the 
acronym SOAP. The letters represent the 
following:

1 . Subjective Information (S) - Con 
sists of data base information given to the 
athletic trainer by the patient during the 
interview and history-taking phase

2. Objective Information (O) - Con 
sists of the findings of formal tests and 
measurements performed by the athletic 
trainer

3. Analysis (or Assessment) (A) - 
The athletic trainer's analysis of the data 
collected and its implications

4. Plan of Action (or Procedure) 
(P) - An outline of the management of the 
problem; it often includes therapy plans 
and patient educa 
tion

The advantages 
of using a simple for 
mat such as SOAP, 
is that it provides a 
guideline for evalu 
ation, enhances data 
collection, and orga 
nizes that data into a 
consistent, standard 
ized format. By or 
ganizing datacollec- 
tion into a specific 
format, the informa 
tion collected can be 
reviewed, checked, 
and rechecked for 
accuracy during the 
evaluation.

Another advan 
tage of using the 
problem-oriented 
medical record is 
that the evaluation 
skills of the writer 
can be reviewed and 
critiqued. The in 
vestigative logic and 
technical skills of the 
evaluator can be 
seen readily when

written into a standardized evaluation form. 
Subsequent evaluations of the same prob 
lem are compared to judge consistency and 
thoroughness in the evaluator's perfor 
mance. For student athletic trainers, the 
preceptor (clinical instructor) can critique 
the student's injury evaluation report and 
readily discern whether the tests performed 
in the evaluation are appropriate for the 
problem identified by the athlete. In addi 
tion, the problem-oriented medical record 
will outline the effectiveness of the 
student's interviewing and history-taking 
skills.

Subjective Information
The POS begins with the identifica 

tion of the patient's complaint or problem 
during the interview and history taking. 
This is the first step in the evaluation pro 
cess. It is the athletic trainer's most impor 
tant evaluative tool, because a majority of 
problems can be analyzed successfully with 
the aid of a good patient history.

The subjective information recorded 
in the interview begins with the problem 
list, which Weed (9) called a "table of
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Fig 1—Training room sports injury report form based on the problem- 
oriented approach to injury evaluation.
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contents" of the patient's problems. In 
sports medicine, a problem is any signifi 
cant deviationfrom the norm thathas influ 
enced, is influencing, or may influence the 
athlete's health or capacity to perform at 
the level of ability demanded by the sport.

It is important that an accurate list of 
problems be recorded. Without precisely 
determining what the problems are, there 
will be little precision in the management 
process. A good maxim to remember is: 
the patient has all the answers—so make 
sure that you ask the right questions. You 
can then use the problem list or symptoms 
that the patient presents to guide the re 
maining course of the evaluation. The 
major objectives of the subjective phase of 
the evaluation are to discover the problem, 
collect any history related to the problem, 
and identify the current history of that 
problem.

Additional sources of information for 
the history are the preparticipation physi 
cal examination and/or the preparticipation 
physical health-history survey. The objec 
tives of the patient interview must be kept 
in mind constantly, and all information 
must be collected in a precise manner, as 
later data collection may become difficult.

Interviewing
In the subjective phase of the evalua 

tion, you establish a relationship between 
you and the athlete. Good rapport is impor 
tant and is established by presenting a 
professional, but concerned, attitude. Posi 
tive rapport, established early in the inter 
view enhances data collection and increases 
the probability of developing a construc 
tive working relationship between the ath 
lete and the trainer.

You should show concern and allow 
the athlete to talk freely. Give verbal 
support and educate the athlete about the 
significance of the evaluation findings. 
Through patient education, you give the 
athlete a plan of action that will help alle 
viate much of his or her apprehension and 
fear.

A useful interviewing technique is

"consensual validation." To employ this 
technique, periodically ask the patient what 
he or she means by a statement and confirm 
that the information being collected is cor 
rect. Consensual validation allows the 
patient to clarify and confirm what already 
has been said.

Finally, you must record the informa 
tion as the interview progresses. This 
indicates to the patient that you feel both 
the person and the information are impor 
tant. Recording data during the interview 
is central to the rationale behind the prob 
lem-oriented system and the problem-ori 
ented medical record that stresses good 
record keeping for data collection and de 
cision-making.

Objective Information
Objective information is any data col 

lected from formal tests and measurements 
(e.g., goniometry readings, Cybex testings, 
and laboratory reports). The data collected 
in the subjective phase will direct you to 
the areas of the body to evaluate and to the 
tests that will confirm the subjective com 
plaints with "concrete" evidence.

Objective information includes obser 
vations made by the athletic trainer of the 
general condition of the injured area. Evi 
dence of edema, hematoma, and obvious 
deformities are recorded in the objective 
part of theproblem-orientedmedicalrecord. 
Your observations will include how the 
athlete is responding to an injury. These 
may include watching the gaitpattem (lower 
extremity injury), observing the "splint 
ing" of an injured areaforprotection (shoul 
der injury or dislocation), or looking for 
signs of dysfunction (atrophy or spasm).

You must record the findings of the 
examination in a precise and consistent 
form, using appropriate and acceptable 
medical nomenclature. Because the prob 
lem-oriented medical record is a tool for 
communication, information collected is 
of little value if it is incomplete, inaccurate, 
or illegible. It is important to decide in 
advance how the information is to be re 
corded (i.e., U.S. or metric measurements).

Establishing uniform recording guidelines 
will enable you to be consistentfrom evalu 
ation to evaluation. Consistency also will 
ensure that any further tests or reevalua- 
tions are reliable measures for comparison.

Assessment
At the completion of the objective 

examination, the extent of the problem 
must be determined. From recorded clini 
cal impressions, you decide the need for 
medical or surgical intervention. If medi 
cal intervention is not indicated, you deter 
mine a diagnosis and proceed with thera 
peutic intervention.

Plan
With the assessment completed, a 

course of action and an outline can be 
planned for the athlete. Also, you may 
have received specific protocols from the 
team physician, which should be noted on 
the evaluation form. Any patient educa 
tion or instructions also should be noted, as 
well as any orthopedic appliances or 
crutches that are to be used.
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Patterns of Shoulder Flexibility 
Among College Baseball Players

Lisa Johnson

ABSTRACT: In this study, I investigated 
and analyzed the various joint motions in 
the shoulders of college baseball players. 
Twenty-six players (age= 20.38±1.36yr) 
from two colleges were examined for up 
per extremity range of motion (ROM), in 
cluding shoulder flexion, extension, inter 
nal rotation at 90°abduction, and external 
rotation at 90° abduction. Joint motions 
•were measured using a JAMAR®, six-inch, 
double-arm goniometer. Pitchers demon 
strated 22° more shoulder flexion and 21° 
more external rotation at 90° abduction 
than infield position players, and 17° more 
shoulder flexion than outfield position play 
ers. There was no significant difference 
between the dominant arm flexibility of 
infield and outfield position players. When 
comparing the dominant to nondominant 
arm relative to the position, infield posi 
tion players demonstrated 5° less shoulder 
flexion and 6° more external rotation on 
the dominant side at 90° abduction. Pitch 
ers did not demonstrate any significant 
difference between the dominant and 
nondominant arm. There was, however, 
an indication that pitchers had a tendency 
to exhibit greater flexibility during flexion 
and external rotation at 90° abduction in 
the dominant side than in the nondominant 
side.

T he baseball player, as a throwing 
athlete, subjects the shoulder to vari 

ous degrees of physical stress. From the 
time that the ball is taken from the glove to 
the point at which the follow-through ends,
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the shoulder is maneuvered through vary 
ing positions and placed under varying 
degrees of stress (3,4,6,9,10). The shoul 
der adapts to these demands by developing 
physical characteristics that lead to alter 
ations in the range of motion (3,4,6,7).

There is a correlation between an 
athlete's shoulder joint mobility and the 
performance of a pitch (3,9, 11). The act of 
thro whig involves multiple muscle groups 
and the interaction of tendons, muscles, 
and bones (3). A flexible joint allows the 
muscles to work with each other, rather 
than against one another, which allows the 
ball to reach its destination with greater 
accuracy and speed (3,9,1 1). If flexibility 
is not emphasized and accomplished in a 
regular conditioning program, the pitch 
will be affected, and the athlete's risk of 
injury will be increased (1,3,10). If the 
typical range of motion (ROM) of the throw 
ing shoulder is known, it can be used to 
help determine conditions that may predis 
pose the athlete to injury or diminished 
performance.

In this study, we 
examined the ROM 
of the movements 
necessary to throw a 
baseball—shoulder 
flexion, extension, in 
ternal rotation at 90° 
abduction, and exter 
nal rotation at 90° ab 
duction.

Methods
Thirty-two col 

lege baseball players 
from Eastern Menno- 
nite College (EMC) 
and James Madison 
University (JMU),

both in Harrisonburg, VA, volunteered for 
upper extremity ROM testing. The flex 
ibility exercises used by each team were 
similar (based on my observation). Ath 
letes who indicated having current injuries 
or who played more than one position were 
excluded from this study. Thus, 26 healthy 
baseball players were chosen for testing 
(11 from EMC, 15 from JMU; age=20.4 ± 
1.4yr;ht=71.5±2.2in;wt=175.5±17.51b; 
position: infield=8, outfield=9,pitchers=9; 
throwing arm: R=23, L=3; years involved 
in baseball=12.9 ± 1.4 yr).

Using the standard technique devel 
oped by Norkin and White (8), passive 
bilateral upper extremity ROM was mea 
sured with a JAMAR*(Clifton, NJ), six- 
inch, double arm goniometer during exten 
sion, internal rotation at 90° abduction, and 
external rotation at 90° abduction. A varia 
tion of the standard technique was used to 
measure shoulder flexion.

The standard technique for the evalu 
ation of shoulder flexion was altered in 
order to study the functional ability of the

Fig 1.—Altered technique for measuring shoulder flexion range of 
motion
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shoulder complex. The subject was placed 
in a supine position with the knees flexed 
and the shoulder over the edge of the sup 
porting surface. This method increased the 
ROM allowing scapulothoracic, sterno- 
clavicular, and acromioclavicular motion 
to occur with glenohumoral motion (8). 
The stationary arm of the goniometer then 
was aligned with the mid-axillary line of 
the thorax. The arm was moved through its 
range of motion, and the moving arm of the 
goniometer was aligned with the lateral 
midline of the humerus (Fig 1).

One-way analysis of variance 
(ANO VA) and Scheffe' post hoc tests were 
used to compare differences between posi 
tions of the dominant arm measurements. 
Paired t-tests were used to compare differ 
ences between the measurements of the 
dominant arm and measurements of the 
nondominant arm of subjects within the 
given positions.

Results
Means and standard deviations for 

total ROM in the various groups and arms 
(dominant and nondominant) are outlined 
in the Table. Infielders demonstrated 6° 
more external rotation at 90° abduction 
[t(8)=-1.95, p=.04] and 5° more shoulder 
flexion [t(8)=2.90, p=.01] on the dominant 
side than on the nondominant side.

Pitchers did not demonstrate any sig 
nificant difference between the dominant 
and nondominant sides. There was, how 
ever, an indication that pitchers had a ten 
dency to exhibit greater flexibility during 
flexion [t(9)=1.76, p=.06] and during ex 
ternal rotation at 90° abduction [t(9)=1.67, 
p=.06] on the dominant side than on the 
nondominant side. No significant differ 
ences were found between the dominant 
and nondominant arms of outfielders (in 
ternal rotation [t(9)=.02, p=.50]; external 
rotation [t(9)=-l.ll, p=.15]; flexion 
[t(9)=1.12, p=.15]; extension [t(9)=-0.09, 
p=.46]).

Pitchers exhibited greater dominant 
arm ROM than infield and outfield posi 
tion players. Pitchers demonstrated 22° 
more shoulder flexion [F(2,23)=12.65, 
p=.0004, Scheffe' p=.001] than infielders, 
and 17°moreflexion [Scheffe'p=.005] than 
outfielders. Pitchers also demonstrated 
21° more external rotation during abduc 
tion than infielders [F(2,23)=5.16, p=.02, 
Scheffe' p=.02] and 16° more than outfield 
ers (Scheffe" p=.069). No other compari 
sons between positions were significant 
[Scheffe>.50 & F(2,23)<.54, p>.60].

Dominant Versus Nondominant Shoulder Range of Motion (degrees; mean ± SD)

Flexion Extension Internal External
Rotation Rotation

(90° Abduction) (90° Abduction)

Pitcher
Dominant 
Nondominant

209±10.7te 
20216.6

96±10.0 
98+12.2

111±15.2 
116112.2

136±14.6W 
128+12.9

Infield Player
Dominant 
Nondominant

Outfield Player
Dominant 
Nondominant

187±10.1* 
192110.3'

19217.2° 
19516.5

92121.2
87116.6

9018.7
9019.1

110111.8
114111.9

106112.8
106110.6

11515.8* 
109i7.8a

120119.2" 
11418.0

a. Dominant and nondominant arms difference (p<.05)
b. Pitchers' dominant arms greater than infield players' arms (p<.05)
c. Pitchers' dominant arms greater than outfield players' arms (p<.05)
d. Pitchers' dominant arms may be greater than outfield players' arms (p=.07)

Discussion
Dominant Versus Nondominant Arm

External rotation of the shoulder at 
90° abduction. The examination of throw 
ing mechanics may help explain the in 
crease in external rotation found in the 
dominant arms of infield position players 
in this study. In the cocking phase of 
throwing, the shoulder is maximally exter 
nally rotated with the arm at 90° abduction 
(Fig 2) (3,10). Researchers who have stud-

Fig 2.—Cocking phase of throwing (Note the 
external rotation of the arm.)

ied the external rotation of the shoulder 
have found a significant difference be 
tween the dominant and nondominant arms 
of throwing athletes (3,4,10). During film 
analysis of 15 major league pitchers, a 
mean external rotation of 160° was mea 
sured (10). The exact contribution of the 
total amount of trunk extension and joint 
movement of the scapulothoracic and 
glenohumoral joints was not determined 
(10).

Other investigators, such as Brown, et 
al. (4), have studied the external rotation of 
the shoulder among major league players 
with the shoulder in two positions: 0° 
abduction and 90° abduction. These re 
searchers found a significant difference 
between the dominant and nondominant 
arm when the arm was at 90° abduction, 
but not at 0° abduction (4). Because of the 
difference in the measurements at 0° and 
90°, they assumed that the difference in 
external rotation at 90° abduction was an 
adaptation to thro wing mechanics (4). This 
specific alteration of increased external 
rotation is believed to be a requirement for 
throwing a baseball successfully (11).

In this study, the absence of a differ 
ence in external rotation at 90° abduction 
between the dominant and nondominant 
arms of pitchers may be related to past 
injuries. Although the subjects were 
healthy, the physical histories of several 
individuals indicated that previous injuries 
had occurred to the arm and/or shoulder.
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These injuries could have altered the 
anatomy of the shoulder and arm, or the 
throwing mechanism itself, which may af 
fect external rotation as indicated by 
Andrews and Gillogy (3).

In contrast, Brown, et al (4) found a 
significant difference in external rotation 
among pitchers, which indicated thatpitch- 
ers had greater external rotation hi the 
dominant arm. Although this study made 
an effort not to include athletes with cur- 
rentupper extremity injuries from the analy 
sis, no notation was made about whether 
any previous pathological problems ex 
isted (4).

Brown et al (4) also found a signifi 
cant difference hi external rotation in posi 
tion players. However, they did not define 
"position players," or the number of in- 
fielders and outfielders that they studied. 
Therefore, no assumption can be made 
about whether the differences between the 
present study and the study by Brown et al 
(4) are comparable.

Shoulder Flexion. Differences in 
shoulder flexion in the dominant side of 
infield position players could be attributed 
to incomplete use of full range of motion by 
the infield player, based on current re 
search (4). In players who do not use their 
range of motion to their full extent, unilat 
eral tightness of the pectoralis major and 
latissimus dorsi may be present, which 
adds to the significant decrease in motion 
(4). A specific example of this phenom 
enon can be found in infielders who throw 
short distances with little follow-through.

The tendency of pitchers to demon 
strate greater flexion in the dominant arm 
compared to the nondominant arm con 
flicts with literature on the subject. Inves 
tigators, such as Brown et al (4) found that 
flexion hi the dominant arm was much less 
than in the nondominant arm. Further 
research will be necessary to clarify the 
discrepancy between these studies.

The difference in results could be 
attributed to the mechanism of throwing 
and to the testing method used by the 
experimenter. A study of professional ver 
sus amateur pitchers indicated that ama 
teur pitchers use all of the rotator cuff 
muscles of the shoulder; therefore, they 
use less lateral trunk flexion and more 
shoulder rotation (5). Reduced lateral trunk 
flexion is indicative of pitchers who throw 
sidearm(lO). The tendency to ward greater 
shoulder flexion among pitchers hi the 
present study may be an indication that

these pitchers use a different throwing tech 
nique, one hi which the shoulder joint ro 
tates through its full range of motion.

The measuring technique may have 
affected the results, also. The technique 
chosen by Brown et al. (4) was set by the 
American Academy of Orthopaedic Sur 
geons, which does not measure the func 
tional ROM of the shoulder. The method 
used in this study allows full ROM, and 
may give a clearer indication about the 
functional ability of the thro whig shoulder.

Internal rotation of the shoulder at 
90° abduction. When measuring internal 
rotation, other investigators found a sig 
nificant difference between the dominant 
and nondominant sides of major league 
pitchers (2,4,10). This was not true in the 
current study. This may be an indication of 
preexisting pathological conditions, which 
cause an alteration of the follow-through 
among some collegiate pitchers (3). Previ 
ous injuries may have led to anatomical 
differences or muscle selection during 
throwing (5).

Dominant Arm: Pitchers Versus 
Infielders and Outfielders

Shoulder Flexion. One would expect 
to find a greater difference in shoulder 
flexion between pitchers and other players 
because of repetitive throwing by pitchers, 
which produces alteration in shoulder ROM 
(3,4). The greater shoulder flexion among

Fig 3—When throwing to first base, a shortstop 
uses less trunk flexion and more glenohumeral 
movement than a pitcher does when pitching to 
home plate.

pitchers when compared to inf ield and out 
field position players hi the current study 
can be explained by the mechanics of throw 
ing and the degree of ball handling by the 
athlete.

Li pitching, the athlete uses complex 
body movements to throw the ball across 
the plate. When the ball is released, the 
arm position relative to the head is deter 
mined by trunk flexion (6,10). ffapitcher's 
movement is compared to that of a short- 
stop making a play at f irst base, one would 
find that the infielder is using more 
glenohumoral movement than trunk flex 
ion (Fig 3). This throw may not be as 
controlled as the pitcher's throw. Unlike 
the pitcher, an infielder may not begin and 
end his or her throw hi the same manner 
every tune (1).

The amount of ball handling also must 
be considered in order to assess the differ 
ences between a pitcher and infielder. 
Neither infield nor outfield position play 
ers were involved in repetitive throwing, 
therefore no differences were indicated 
between infield and outfield position play 
ers.

External rotation of the shoulder at 
90° abduction. The greater external rota 
tion at 90° abduction among pitchers when 
compared to that of infield position players 
may be attributed to the influences of re 
petitive throwing described previously. 
Also, other studies have indicated thatpitch- 
ers possess greater flexibility hi the domi 
nant arm in comparison to other players, 
because the arm is fully cocked hi order to 
impart the greatest force on the ball (4,10). 
One also may conclude that this action 
might contribute to the tendency toward 
greater external rotation at 90° abduction 
in pitchers than in outfielders.

Conclusion
The results of this study indicate that 

increases and decreases in ROM may oc 
cur in the shoulder complex as a result of 
thro whig. Evidence suggests that alter 
ations in the mechanism of throwing can 
lead to a difference in ROM between pitch 
ers and other players. Because proper 
flexibility may enhance performance and 
minimize potential for injury, athletic train 
ers, coaches, and athletes can use this study 
as a baseline for preparticipation screening 
and as objective evidence of potential in 
jury risk.
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Training Errors in Long 
Distance Running

John R. Sallade, PT, ATC 
Steve Koch, PT, ATC

ABSTRACT: Among the most commonfac 
tors causing injury in long distance run 
ners are training errors. Even the most 
elite runner may lose valuable workout 
time when training terrain, equipment, or 
the progression ofworkouts, is not appro 
priate. Through this article we hope to 
help athletic trainers identify specific er 
rors in athletes' training and their related 
injuries. Additional suggestions are made 
that will aid the professional in workout 
modification in order to prevent injury or 
to expedite recovery.

C auses of running injuries generally 
can be classified into one of five 

categories:

1. Directtrauma(anklesprains,fallspro- 
ducing contusions)

2. Inflexibility (tightness of heel cords, 
iliotibial bands, hamstrings, etc.)

3. Weakness (inadequate strength, en 
durance, or neuromuscular capability 
in key muscles, such as quadriceps, 
posterior tibialis, and peroneals)

4. Biomechanical instability (broadly 
described as over-pronation or over- 
supination)

5. Training errors (too much, too fast, on 
the wrong terrain, and with the wrong 
equipment)

While each of these causes is signifi 
cant in its effect on runners, the scope of 
this article is limited to the identification 
and management of training errors that 
may lead even the most elite runner to

John Sallade and Steve Koch practice 
sports physical therapy withReading-Berks 
Physical Therapy, PC (Reading, 
Fleetwood, Wyomissing, andMorgantown, 
PA). Both are avid runners.

injury and lost workout time. Those errors 
related to terrain or running surface are 
clearly the most common and, fortunately, 
the easiest to avoid.

Ten Training Errors
We present ten of the most common 

training errors and treatment strategies that 
can help to prevent injury.

1. Running on crowned roads
Crowned roads are most often seen in 

rural, country areas where distance runners 
love to train. A crowned surface is high in 
the middle and slopes toward the berm. 
This road problem is compounded by the 
runner's practice of always facing traf 
fic—which keeps the left leg in the "down 
hill" position and the right leg in the "up 
hill" position at all times. As can be seen 
in Fig 1, there is a "terrain-induced leg- 
length discrepancy," as well as a tendency 
to oversupinate on the downhill leg and

overpronate on the uphill leg (1). This will 
produce increased strain on the iliotibial 
band and peroneals of the downhill leg and 
on the pes anserine and posterior tibiales 
tendons of the uphill leg. The remedy is 
simple. Whenever safely possible, straddle 
the crown of the road, or at least, alternate 
the uphill and downhill leg.

2. Excessive hill running
While hill training is an important part 

of the competitive runner ' s workout sched 
ule, excessive time on hills and an abrupt 
increase in hill time are injury risks. Uphill 
running puts increased demands on the 
triceps surae (Fig 2) in terms of both strength 
and flexibility, and may result in calf or 
Achilles' strains. In the presence of heel 
cord tightness, additional functional range 
of motion can be achieved by pronation (6, 
7). If this pronation is excessive, it may 
produce strain on medial structures such as 
the posterior tibialis (which eccentrically

Fig 1 —There is a tendency to overpronate on Fig 2—There is an increased demand (stretch) 
the uphill leg when running on crowned roads, on the triceps surae when running uphill.
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controls pronation), and lateral structures 
such as the peroneus longus (which stabi 
lizes the first ray during weight acceptance 
and into propulsion) (2, 6). A remedy to 
this is to increase hill time and grade gradu 
ally, stretch heel cords, and instruct the 
athlete to run on the balls of his or her feet 
(Fig 3). If the runner has persistent trouble 
with hills, additional time for stretching 
and calf strengthening should be allowed. 
Also, hill grade should be increased gradu 
ally and at a time when fatigue level is less 
pronounced. Downhill running is also 
stress-inducing, because it increases shock 
at heel strike and strain on quadriceps and 
anterior tibialis, because these muscle 
groups are forced to function eccentrically 
while "lowering" the body weight down an 
incline (Fig 4) (6). Remedies here are 
similar. Lean down the hill as much as 
possible (Fig 5), and strike more on the 
mid-foot.

Fig 3—Running on the balls of the feet de 
creases stretch on the triceps surae.

Strengthening to the quadriceps and 
anterior tibialis, focusing on eccentrics, 
also will be beneficial. Attempting to strike 
the ground more softly and when under 
control will help also. Be sure that the 
runner is practicing a controlled foot strike, 
and avoids finishing a workout on a down 
hill grade at a time when his or her fatigue 
level is high.

3. Track work in predominately one 
direction
Running in the same direction around 

the turns of a track will force most feet to

over-pronate more on the inside leg (Fig 6), 
and supinate more on the outside leg (Fig 
7). Excessive pronation, and the inward 
rotation of the tibia that follows, are com 
mon causes of injury, especially to the 
medial shin and knee. The solution is for 
the athlete to change running direction 
around the track often. If it doesn't seem 
feasible to change direction within each 
workout, change at least every other work- 
out.

4. Running on excessively hard sur 
faces
Hard surfaces have traditionally taken 

a lot of blame for running injuries, as wit 
nessed by the number of shoes on the 
market with shock-absorbing properties. 
Hard terrain tends to be more injury-induc 
ing in high arched (forefoot valgus and 
cavus feet) and inflexiblerunners who have 
a poor ability to absorb shock anatomically 
(3). Running on somewhat softer surfaces

Fig 4—Leaning back into the hill increases the Fig 6—There is a tendency toward increased
eccentric strain on the anterior tibialis and quad- pronation on the inside leg.
riceps.

Fig 5.—Leaning down the hill decreases the 
strain on the anterior tibialis and quadriceps.

Fig 7.—There is a tendency toward increased 
supination on the outside leg.
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and in shoes with better shock-absorbing 
properties may be helpful, but one should 
be careful not to blame hard surfaces too 
quickly and make the mistake of buying 
the wrong shoe or changing to an exces 
sively soft, unstable surface. The solution 
is to have the athlete systematically experi 
ment with different surfaces without chang 
ing to unstable terrain. Athletic trainers 
should assist an athlete in choosing the 
right shoes, keeping in mind that the 
manufacturer's specifications are designed 
primarily for effective marketing.

5. Running on unstable terrain
A common belief is that soft surfaces 

are less stressful than hard surfaces. This 
assumption is not necessarily true. Soft 
surfaces, such as grassy fields, are often 
unstable, thus producing additional prona- 
tion in a"pronation-prone"foot, andlateral 
instability in the high arch "supination- 
prone" foot.

While shock certainly plays a role in 
certain injuries, a much larger percentage 
of injuries in persons with biomechanical 
abnormalities are related to instability or 
excessive motion for which soft surfaces 
often contribute. The solution is to recom 
mend a shock-absorbing shoe with appro 
priate control properties, rather than to 
recommend running on soft surfaces. If a 
surface change seems in order, recom 
mend one that is softer, but not uneven or 
mushy. Cinder and modern track surfaces 
are excellent. Grassy surfaces may be fine, 
but only if they are level and firm.

6. Changing shoes
Today's runners have more shoes to 

choose from each year, if not each month. 
New materials, components, and strate 
gies for injury prevention, as well as new 
colors for marketing, create both benefit 
and risk in training. Should the athlete find 
an appropriate shoe that allows pain- and 
injury-free function, additional pairs should 
be purchased before that model is taken off 
the market, because most shoes seem to be 
unavailable after a year.

Changing shoes without sound ratio 
nale or advice can be a costly proposition. 
Should a shoe change seem necessary, the 
athlete should seek qualified advice and be 
sure that the shoes are broken in gradually 
before the previous pair of shoes is in total 
disrepair. Some runners find ongoing rota 
tion of a number of pairs of shoes helpful in 
this renewal process. In addition, while 
breaking in new shoes, the athlete should

not change other aspects of the training 
routine, so the source of a problem can be 
pinpointed, should one arise.

7. Increasing mileage too quickly
Most runners risk increasing mileage 

too quickly. This problem frequently oc 
curs in the spring, when the race season 
seems to arrive suddenly, forcing runners 
to increase their training in order to prepare 
for the first meet or race. It is natural to 
increase training as warm weather and 
longer days approach, but in order to pre 
vent Achilles' tendinitis, plantar fascitis, 
and other overuse injuries, this increase in 
training must be done gradually. In order 
for muscles and connective tissues to 
strengthen and meet the demands of the 
increased work load (4), it is safe to follow 
the 10% rule. That is, athletes should be 
instructed to increase their training mile 
age by no more than 10% each week. They 
should not expect to progress immediately 
from their winter schedule to the training 
regimen that they followed the previous 
fall. In order to prevent injury, they should 
progress safely, slowly, and systematically.

8. Increasing training speed too 
quickly
Another danger that occurs in the 

spring, especially with the advent of racing 
season, is increasing the speed of running 
too rapidly. Again, as runners prepare for 
the first race of the year, they start thinking 
of speed. This is a time to be excited, yet 
cautious. Many runners have pressed hard 
in their initial stages of spring training, 
only to have their season postponed by a 
pulled hamstring. They must be aware of 
the prerequisites of running fast: a good 
training base, warm thoroughly stretched 
muscles, and strong joints and connective 
tissues.

Many of these suggestions are diffi- 
cultto follow early in the season because of 
the limitations of cold weather and de 
creased training time. However, runners 
should play it safe and not expect a per 
sonal record in their first race of the year. 
To safely run fast in races, they must prac 
tice running fast in training; however, in 
struct them to precede their practice with 
an adequate warm-up and stretching of all 
lower extremity muscle groups.

Instruct the athletes and their coaches 
to allow their bodies to adjust to the change 
of pace. Performing gradual striders, fol 
lowing anormal training run, is agood way 
to introduce speed to their legs when they

have spent a winter training carefully and 
more slowly under winter conditions. They 
should increase the length of these striders 
at a comfortable pace, until they are able to 
do a quarter to half a mile. After this 
gradual increase, their legs will be pre 
pared for the track and interval workouts 
needed to improve their speed.

9. Not listening to body strain
Runners often train in a disciplined 

regimen, sometimes at their own expense. 
They frequently play the slave to their 
training logs. If Sunday calls for a fifteen- 
mile run, then that's what they do, feeling 
pressure to keep up their mileage. While a 
long distance base is a key ingredient to a 
carefully planned training program, run 
ners sometimes become obsessed with the 
accumulation of mileage, and stop listen 
ing to the fatigue and strain that their body 
may be feeling (5). Instruct your athletes 
that, on a given day, if their legs are sore 
from the previous day's workout, and their 
body feels heavy and sluggish, they may 
wish to ride their exercise bike or swim in 
a pool. This relative rest may prove more 
beneficial to their training than the ten 
miles they "needed" in order to meet their 
weekly mileage total. High quality running 
can be more productive to their training 
than high quantity running. They will feel 
fresher and be better able to maintain a 
faster pace.

10. Lack of variety in training
Running is the most important activ 

ity for a runner, especially for those con 
cerned with improving race times. Too 
much of the same workout, however, can 
lead to trouble. Several days of hard run 
ning in succession may lead to overuse 
injuries and lost training time. Runners 
need to balance their training by alternat 
ing hard and easy days in their schedule 
(5). For instance, a hard workout day in 
which the athlete presses for time should 
be followed by an easier workout the next 
day, in order to allow muscles and joints to 
recover from the more vigorous workout or 
strain of a race.

Proceed with Caution
A final note of advice will be helpful 

in managing your athletes' regular training 
routines or periods of recuperation and 
rehabilitation. Instruct athletes and coaches 
not to change more than one aspect of their 
training at a time. If the runner has been 
nagged by a leg injury and attempts to
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alleviate it by changing shoes and switch 
ing road surfaces, cutting out normal hill 
running, increasing stretching, using ice 
after running, and starting to ride a bike, 
then you will have no idea what, if any 
thing, has been beneficial should the con 
dition improve.

Conversely, if the athlete is running 
injury-free and simultaneously changes 
more than one aspect of the training pro 
gram, you will never be able to pinpoint the 
source of a problem, should one occur. 
Naturally, if an injury develops, you will 
want to do everything possible to speed the 
healing process in order to get the athlete 
back to running as quickly as possible; 
however, changing numerous aspects of

the training routine may be more harmful 
than helpful. Once a runner is running 
relatively pain free again, different training 
methods, food, stretching techniques, 
shoes, and running surfaces may all be 
beneficial; however, you will need to ex 
periment in each of these areas in a system 
atic way in order to find the winning for 
mula.

Successful, injury-free running does 
not happen accidentally—it takes careful 
planning. Runners askalot of their bodies. 
Their athletic trainers need to do all that is 
possible to eliminate errors from their train 
ing in order to help them run more pain- and 
injury-free.
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ABSTRA CT: In this study we compared the 
influence that the order of the performance 
of different velocity exercise progressions 
has on average muscle power and total 
work production during a velocity spec 
trum isokinetic training session. Twenty- 
two college students were assigned ran 
domly to four exercise trials, each contain 
ing an isokinetic exercise training session 
involving dominant knee extensors and 
flexors. Each exercise trial consisted of 
two sets often repetitions at speeds of 30°, 
90°, 150°, and 210°/sec. The pretest, 
posttest, and experimental session muscle 
function measurements were assessed. Se 
lected measurements of average power 
(joules/sec) and total work (joules) were 
used to make comparisons between the 
protocols. There was no training effect 
(change in peak torque) during the study 
for either extension or flexion at any of the 
four speeds. Total work was similar across 
the four protocols. There was a difference 
in average power for both extension and 
flexion among the protocols. We conclude 
that when performing velocity spectrum 
type training .performing faster speed sets
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early in the exercise session will produce a 
greater average power.

I sokinetic exercise is used to test and 
train functional characteristics of skel 

etal muscle. Isokinetic training studies 
have shown wide variations in intensity, 
frequency, duration, and effect on muscle 
strength (8,12,14,17), endurance (5), and 
power (3,4,11,18,20). These studies that 
examined velocity-specific effects during 
concentric exercise have produced con 
flicting results. In an early study, Moffroid 
and Whipple (12) reported that the effects 
of training at a specific velocity are limited 
to that velocity orto lower velocities, while 
more recent studies (3,11,18) using high 
velocity isokinetic training have reported 
that the overflow training effects reach 
higher velocities. In contrast, Vitti (20) 
concluded that increases in average leg 
power resulting from variable training 
speeds were not great enough to differenti 
ate in favor of low, high, or low/high speed 
isokinetic training.

More recently, velocity spectrum train 
ing advocates have claimed that patients 
can recruit and train both type I and type n 
muscle fibers by varying the velocity of the 
movement over the course of the exercise 
session(2,3,9,10,19). Thismethod of train 
ing is practiced to promote an optimal 
neuromuscular response and is supported 
by current theory concerning velocity-spe 
cific resistance training (9,13,15). 
Arthroscopic meniscectomy patients 
showed improved muscle function within 
three weeks using velocity spectrum 
isokinetic training (10,19).

Because isokinetic velocity spectrum 
training improves muscle function, we 
wondered if the order in which the velocity 
progression was performed would influ 
ence work and power production. A re

view of the literature indicated an absence 
of information concerning velocity spec 
trum training and the influence of exercise 
progression order on a muscle's ability for 
work and power production. The purpose 
of this study was to compare the influence 
that the order of the performance of differ 
ent velocity exercise progressions has on 
muscle average power and total work pro 
duction during a velocity spectrum 
isokinetic training session.

Methods
Twenty-two recreationally active col 

lege students volunteered and participated 
in this study (12 males, 10 females, age 
21.3±2.6 yr; wt=157.7±28.7 Ib; ht= 
67.7±3.4 in). We instructed each partici 
pant to refrain from participating in heavy 
resistance weight training or endurance 
training during the study. Usual recre 
ational and daily living activities were per 
mitted; however, each subject was in 
structed to refrain from physical activity 
for 24 hours prior to each exercise trial.

According to institutional guidelines, 
before they gave their signed consent to 
participate, we informed each subject of 
the nature, purpose, and possible risks in 
volved in this study.

A repeated measures design was em 
ployed. A single independent variable 
(type of velocity spectrum training proto 
col) had four levels. Each subject partici 
pated in all protocols. The dependent vari 
ables were average power for knee flexion 
and extension, and total work. Data com 
parisons between protocols were first ana 
lyzed using a Doubly Multivariate (DM) 
analysis. Follow-up procedures consisted 
of separate multivariate analyses of vari 
ance (MANOVAs) run on each dependent 
variable with the Bonferroni adjustment. 
Then, the Scheffe" post hoc test was used 
for univariate contrasts (16). A possible
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training effect was evaluated with depen 
dent t-tests between pretest and posttest 
peak torque.

Each of the four exercise trials con 
sisted of an isokinetic exercise training 
session involving the dominant knee ex 
tensors and flexors. One week prior to the 
first exercise trial, we read a definition of 
isokinetic exercise to each subject. He or 
she then observed and participated in an 
isokinetic exercise familiarization session. 
We made pretest and posttest strength com 
parisons (using dependent t-tests) three 
days prior to and following the exercise 
trials to assess whether a training effect 
occurred as a result of participation in the 
study. Each subject was randomly as 
signed to a group prior to performing the 
four protocols.

The exercise trials involved perform 
ing reciprocal knee extensions and flex 
ions. A random order of velocity-specific 
exercise progressions with four different 
isokinetic exercise protocols was used 
(Table 1). Each exercise trial consisted of 
two sets of 10 repetitions at speeds of 30°, 
90°, 150°, and 210%ec. Measurements 
were made using two standard velocity 
spectrum training protocols (PI and P2) 
and two modified velocity spectrum proto 
cols (P3 and P4). In the modified proto 
cols, the velocity of movement was not 
increased or decreased until all sets and 
repetitions were performed at the given 
speed. Once a week for four weeks, each 
subject performed one of the four proto

cols. The isokinetic testing was performed 
through a range of 90°, where terminal 
extension was considered to be 0°. We 
encouraged each subject to exert a maxi 
mal effort at all times. Seven days sepa 
rated each exercise trial.

The pretest, posttest, and experimen 
tal session muscle function measurements 
were assessed using the LIDO Active 
isokinetic dynamometer (Loredan Bio- 
medical, West Sacramento, CA). The reli 
ability and validity of this dynamometer 
have been reported previously (1). Se 
lected measurements of muscle power and 
work were used to make comparisons be 
tween protocols. The data were sampled 
by a computer interfaced with the dyna 
mometer so that angular position (degrees), 
velocity (degrees/sec), average power 
(joules/sec), and total work (joules) were 
recorded continually. While the actual 
testing range of motion (ROM) was 90°, an 
80° ROM (between 5° and 85°) was ana 
lyzed to exclude measurements taken dur 
ing acceleration and deceleration (6) and to 
standardize the ROM so that work values 
could be calculated.

Initial data reduction involved calcu 
lating the average power and total work for 
each set and the speed for each of the four 
protocols. Data analysis was performed on 
individual repetitions by adding the aver- 
agepowervalues (joules/sec) for each speed 
of the protocol and entering the mean value 
in the statistical analysis. Total work was 
analyzed by adding the work value (joules)

Table 1—Summary of the Four Isokinetic Protocols (P1-P4)

P1:

P2:

P3:

P4:

Speed (Deg/Sec) 
Reps 
Sets
Rest

Speed (Deg/Sec) 
Reps 
Sets
Rest

Speed (Deg/Sec) 
Reps 
Sets
Rest

Speed (Deg/Sec) 
Reps 
Sets
Rest

30 90 150 210 210 
10 10 10 10 10 
11111
1 minute between each set

210 150 90 30 30 
10 10 10 10 10 
11111
1 minute between each set

30 90 150 210 
10 10 10 10 
2222
1 minute between each set

210 150 90 30 
10 10 10 10 
2222
1 minute between each set

150 90 30 
10 10 10 

1 1 1

90 150 210 
10 10 10 

1 1 1

for each speed of the protocol and using the 
sum of the total work in the statistical 
analysis.

Results
There was no training effect as a result 

of participation in this study. Pretest ver 
sus posttest comparisons of peak torque for 
flexion and extension at 30°, 90°, 150°, and 
210°/sec were not significant 
(t(21)<1.68;p>.108).

The means and standard deviations 
for the four protocols for each dependent 
variable are presented in Table 2. The 
overall Doubly Multivariate analysis was 
significant (F(3,19)=6.84;p=.001). There 
was no difference in total work across the 
four protocols (F(3,19)=2.60;p=.082). Sig 
nificant MANOVAs were found for the 
average power variable for both extension 
(F(3,19)=17.32;p=.001) and flexion 
(F(3,19)=25.34;p=.001).Protocolfour pro 
duced greater average extension power than 
protocols one, two, and three (Scheffe", 
p<.05)). For average flexion power, proto 
cols four and two produced greater power 
than protocols one and three.

Discussion
The significant differences noted be 

tween protocol four (where the faster speeds 
were performed before progressing to the 
slower speeds) and the other protocols 
might be explained by the force-velocity 
and power-velocity curvilinear relation 
ships reported in the physiological litera 
ture (7,9). That is, when exercising at 
faster speeds, the potential for producing 
power is greatest, and, when exercising at 
slower speeds, force production is great 
est. Our results concur with the notion that 
when progressing fromfast to slower speeds 
for both extension and flexion, performing 
the faster speeds early in the exercise trial, 
either in the velocity spectrum or the modi 
fied velocity spectrum protocols, generally 
produces a greater average power.

The enhancement of muscle power 
output by high-velocity training is sup 
ported by Coyle et al (3). Because the 
slower speeds are performed under greater 
resistance than the faster speeds, the muscle 
may fatigue more quickly (2). This may 
partially explain why the other three proto 
cols generally produced less average power. 
The faster speed sets that are associated 
with greater power production were per 
formed early in the exercise trials of proto 
cols four and two, before fatigue may have 
become a factor.
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Table 2—Summary of Average Power (Joules/Sec) and Total Work (Joules) for Knee Flexion and Extension Across
Protocols (N=22; MeanlSD)

Protocol 1 Protocol 2 Protocol 3 Protocol 4

Average Power Flexion 114.91 ± 28.75 125.80± 33.85 1 14.00± 27.34 133.351 31.17

Average Power Extension 169.781 39.00 174.171 46.04 165.831 34.94 187.251 42.73

Total Work 15267.6813654.17 15700.4913638.12 15541 .24 13384.44 16084.3314267.75

Muscle power production has not of 
ten been the focus of attention in determi 
ning specific velocities and progressions 
for velocity spectrum exercise. Because 
power is a product offeree and velocity, it 
was used in this study as a measurement of 
workperformed per unit of time. It appears 
that even though comparisons of the total 
work values between the four protocols 
revealed no differences, the ability of the 
muscle to produce force positively affected 
the average power produced in protocol 
four. Therefore, if an individual exercises 
isokinetically for rehabilitation or sport 
participation thatrequires muscular power, 
performance of fast speed training prior to 
progressing to slow speed training is rec 
ommended.

While we recommend caution in gen 
eralizing the results of this study to other 
populations (e.g., athletes, children, spe 
cial populations) and other velocity spec- 
trums, a basic practical implication might 
be made. When an individual exercises 
isokinetically, thevelocityprogressionmay 
be important to power production during 
that training/rehabilitation session even 
though total work may not be influenced. 
Future studies need to examine other fac

tors such as training effects and different 
velocities, repetitions, and sets performed, 
as well as examining the interaction of 
fatigue and velocity spectrum training.
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Incidence of Hyperpronation in the ACL 
Injured Knee: A Clinical Perspective

Mark E. Beckett, PT
Denise L Massie, MS, ATC

K. Douglas Bowers, MD
David A. Stoll, MD

ABSTRACT: Assessing abnormal biome- 
chanics when treating various lower ex 
tremity pathologies provides the athlete 
with comprehensive management and pro 
motes injury prevention. However, there 
have been few previous investigations of 
abnormal biomechanical forces on liga- 
mentous pathologies of the knee. During 
this clinical study we investigated the inci 
dence of hyperpronation in subjects who 
have had an anterior cruciate ligament 
(ACL) injury. Fifty subjects with a past 
medical history of ACL rupture and 50 
subjects without a history of lower extrem 
ity pathology participated in our study. 
Hyperpronation of the foot and ankle com 
plex was measured with the navicular drop 
test. The ACL injured subjects had greater 
navicular drop test scores than non- 
injured subjects. This suggests that 
hyperpronation of the foot and ankle com 
plex may increase the risk of injury to the 
ACL. There is a need for further investiga 
tion into possible pre-loading stresses on 
knee ligaments.

A nterior cruciate ligament (ACL) in 
juries are considered common liga- 

mentous injuries of the knee (2). The most 
effective treatment program for the ACL 
injured knee is controversial, however,
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because of the use of various surgical pro 
cedures and rehabilitation protocols, and 
the proposed predisposing risk factors 
(1,2,13,15). Although there is a large vol 
ume of existing literature regarding ACL 
injuries, a clear understanding of this prob 
lem has not yet unfolded.

During gait, there appears to be a 
relationship between biomechanical ab 
normalities of the foot and ankle complex 
and knee pathologies (11,18,19,21,22). 
These abnormalities may relay stresses to 
any area proximal or distal to the lower 
extremity injury (9,22). The joints may 
function as a closed or open system based 
upon the weight bearing status of the lower 
extremity. During the gait cycle, the lower 
extremity functions in a closed chain man 
ner (5). It is in this closed kinetic chain 
position that variable, yet important, influ 
ences of excessive pronati on may be linked 
to various lower extremity pathologies.

The anterior cruciate ligament (ACL) 
originates at the posteromedial border of 
the lateral femoral condyle and courses 
distally to attach in front of and lateral to 
the anterior tibial spine (17). It consists of 
three distinct bundles and provides a vital 
check to prevent anterior displacement of 
the tibia on the femur, knee hyperexten- 
sion, and excessive internal rotation of the 
tibia (1,6,8). The anteromedial bundle is 
tautest in flexion and provides anterolateral 
stability, while the posterolateral bundle is 
tautest in extension and provides postero 
lateral stability. The intermediate bundle 
assists in anterior and anteromedial stabil 
ity (12,17).

While many have concluded thatthere 
is arelationship between abnormal biome- 
chanics and lower extremity pathology, 
information on the effect of lower kinetic 
chain forces on knee ligament instabilities, 
specifically the anterior cruciate ligament, 
is limited. Therefore, the purpose of this 
study was to determine if a relationship

exists between hyperpronation and ante 
rior cruciate ligament injuries.

Materials and Methods
Fifty subjects with a history of ACL 

rupture participated in the ACL-injured 
group (11 females, 39 males, age = 22.9 ± 
7.6yr; ht = 177.8 ± 10.3 cm; wt = 79.8 ± 
17.3 kg). Of these subjects, 27 had sus 
tained injury to the right extremity and 23 
to the left extremity. Criteria for selection 
included arthroscopic examination of the 
ACL rupture and a corresponding written 
diagnosis from the orthopedic surgeon. 
Once the ACL rupture was identified, the 
involved ligament was either reconstructed 
or repaired, or the patient chose conserva 
tive non-operative management.

A random sample of 50 subjects with 
out history of lower extremity pathology 
composed the ACL uninjured group. This 
group (18 females, 32 males, age = 21.8 ± 
9.4yr;ht=173.7±9.0cm;wt=67.6±12.4 
kg) was composed of patients and clinical 
staff members.

The ACL-injured subjects completed 
a questionnaire regarding past medical his 
tory, mechanism of injury, and diagnosis. 
All subjects gave informed consentprior to 
investigation.

We performed the navicular drop test, 
as described by Brody (3), on each subject 
to objectively measure pronation. This test 
involves locating and marking the navicu 
lar tuberosity of the foot. With the subject 
seated and knees flexed at approximately 
90°, the subtalar joint is placed in the 
neutral position. The subtalar joint is con 
sidered to be in the neutral position when 
the examiner, by passively inverting and 
everting the rearfoot, is able either to pal 
pate the talus equally on both sides or not to 
palpate the talus at all (3). The talus is 
palpable by placing the thumb anteriorly 
and inferiorly to the medial malleolus at the 
talonavicular joint, and placing the index
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finger anteriorly to the lateral malleolus.
With the subject seated and the subtalar 

joint in the neutral position, we placed an 
index card at the medial aspect of the 
rearfoot and placed a corresponding mark 
at the level of the navicular (Fig 1). The 
subject then assumed a full weight bearing 
position, allowing the foot to relax. The 
navicular level was noted on the index card 
(Fig 2). The difference between the two 
marks of navicular level was measured in 
millimeters. This procedure was performed 
bilaterally. Navicular drop values greater 
than 6 to 7 mm (7) and 10 mm (3) are 
considered hyperpronation.

contact andnon-contact(t(98)=-.37;p=.71). 
However, the injured subjects had higher 
navicular drop scores than the uninjured 
group (F(l,196)=129.6, p=.001).

Discussion
In review of previous and current re 

search, excessive pronation is considered 
to be a causative factor of various lower 
extremity pathologies. In a study of foot- 
related knee problems in the long distance 
runner, 77% (164/213) of knee injuries 
were related to an abnormal foot position, 
43% (92/213) were identified aspronation- 
related, and 34% (72/213) were cavus-

females (4). The pronated foot has been 
viewed as "one possible structural and 
biomechanical problem that can cause low 
back pain, hip pain, knee pain, and foot 
pain" (9).

Abnormal pronation has a significant 
influence on specific areas of the closed 
kinetic chain. Before you can appreciate 
the effects of excessive pronation as it 
relates to the lower kinetic chain, however, 
you must have a working knowledge of the 
normal kinematics of gait.

Normal Kinematics of Gait
Gait is divided into two phases: a stance

Fig 1.—Place a dot with a felt tipped pen on the medial aspect of the 
navicular. With the subject seated, the foot on the floor, and the subtalar 
joint in a neutral position, place a3x5 card next to the foot and markthe level 
of the navicular on the card with a dot.

Fig 2.—The subject then stands with full weight on the foot. The new level 
of the navicular is marked with a second mark on the 3x5 card. Then, the 
difference between the marks is measured.

The data were analyzed with a two- 
factor mixed model analysis of variance 
(ANOVA) with side (right;left) and group 
(ACL-injured; uninjured) as factors. The 
gender factor and mechanism of injury 
(contact versus non-contact) were com 
pared with t-tests.

Results
Navicular drop scores are summarized 

in the Table. There was no significant 
difference between male and female sub 
jects on right (t(98)=.69, p=.49) or left 
(t(98)=.25, p=.81) navicular drop scores.

The difference between right and left 
sides was not statistically significant 
(F(l,196)=.13,p=.72). There wasno inter 
action between sides and group 
(F(l,196)=.06, p=.80). There was no sig 
nificant difference in navicular drop scores 
between those who were injured during

related (11). These pronation-related inju 
ries fell into three categories: diffuse me 
dial knee pain (57%), chondromalacia pa 
tella (28%), and medial joint pain (15%). 

In a study of anatomical factors re 
lated to shin splints, hyperpronation of the 
foot was shown to be a significant etiologi- 
cal factor in the incidence of shin splints in

phase and a swing phase. The stance phase 
is further divided into three phases: contact, 
midstance, and propulsion. The contact 
phase begins with heel strike and ends with 
forefoot loading or foot flat. The midstance 
phase is thatperiodfromfootflatto heel lift. 
Propulsion begins with heel lift and extends 
to toe-off (16,21).

Navicular Drop Scores (Mean+SD)

Group
Foot 

Right Lett

ACL uninjured
ACL injured
Contact
Non-contact

50
50
23
27

6.9+3.2
13.0±4.4
12.7±4.8
13.2+4.1

6.9+2.8
12.7+4.0*
12.6±4.4
12.7±3.7

Significant mean score difference between the right and left navicular, and ACL- 
injured and uninjured groups
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During normal gait, initial heel con 
tact is on the lateral aspect of the calcaneus 
with the subtalar joint in a slightly supi- 
nated position. During the contact phase of 
gait, the subtalar joint pronates. During 
midstance, when the foot is in full ground 
contact, the subtalar joint begins to supi- 
nate and continues this motion throughout 
the midstance and propulsive phases. In 
the closed kinetic chain, subtalar joint pr- 
onation consists of calcaneal eversion, talar 
adduction or medial rotation, and talar 
plantarflexion (5,16,21,22). This medial 
movement of the talar head results in a 
medial rotation of the body of the talus. 
Tiberio (21) explains that the articulation 
of the talus into the ankle joint mortise 
causes the lower extremity to internally 
rotate with subtalar joint pronation and 
externally rotate with subtalar joint supina- 
tion. Therefore, the subtalar jointis viewed 
as a torque converter, associating the me 
dial and lateral rolling motion of the foot 
during gait with internal and external rota 
tion of the lower extremity (5,16,19,21,22).

The motion of the knee joint itself is 
also an important component of the gait 
cycle. The knee is in full extension prior to 
heel strike and it flexes approximately 15° 
to 20° during the contact phase of gait. 
During midstance, knee extension is initi 
ated with foot flat and continues until im 
mediately prior to heel lift. In summary, as 
the knee flexes during the contact phase, 
the tibia internally rotates and, as the knee 
extends during the midstance phase, the 
tibia externally rotates (16,21). These pre 
viously described normal kinematics em 
phasize the role of excessive pronation in 
the transmission of forces upward in the 
kinetic chain.

Normally, subtalar joint pronation and 
tibial internal rotation occur only during 
the contact phase of gait. If pronation 
occurs beyond the contact phase, the tibia 
remains internally rotated, impeding the 
occurrence of subtalar joint supination and 
tibial external rotation, which normally 
occurs as the limb moves through the 
midstance phase of gait. This excessive 
internal tibial rotation transmits abnormal 
forces upward in the kinetic chain and 
produces medial knee stresses, force vec 
tor changes of the quadriceps mechanism, 
and lateral tracking of the patella (21).

The ACL tightens with tibial internal 
rotation, whereas during external rotation, 
the ACL becomes lax (1,8). An investiga 
tor of the biomechanics of the ACL found 
that internal rotation and varus movements

increase ACL strain (1). Inoue et al. (10) 
support the importance of the ACL in re 
sisting the varus-valgus movement of the 
knee joint.

Effect of Pronation on the ACL
The exact mechanism and position of 

the lower extremity during injury to the 
ACL is difficult to define subjectively. 
However, injury usually results from an 
unsuspected fall or occurs during activity 
when an individual is performing a run 
ning, cutting, twisting, or decelerating 
movement (2,13). Typically, internal rota 
tion of the tibia and knee hyperextension 
place increased stress on the ACL, specifi 
cally on the posterolateral bulk (2,17).

Because of the anatomical functions 
of the ACL, prolonged pronation of the 
foot and ankle complex produces exces 
sive internal tibial rotation, and thus may 
produce a preloading effect on the ACL. 
This preloading concept may serve as a 
partial explanation for the high percentage 
of injuries to the ACL that occur during a 
non-contactmoment of sport activity (3,14). 
A non-contactmechanism was responsible 
for 71% (355/500) of the injuries found in 
one study (unpublished observations of 
KDB) and for 78% (80/103) in another 
(14).

The effects of hyperpronationmay be 
even more profound in the ACL deficient 
knee with loss of one or more menisci and 
injury to the secondary restraints. The quad 
riceps mechanism at heel strike exerts an 
anterior translatory force on the tibia, while 
the limb speed is decelerated by the ham 
strings. The ACL prevents excessive inter 
nal tibial rotation and stabilizes the knee in 
association with the menisci and other sec 
ondary restraints. The menisci are impor 
tant in controlling rotational motion of the 
knee (23). All of the 19 subjects with 
anterolateral rotatory instability had lost 
one or both menisci. If abnormal pronation 
of the foot and ankle complex exists with 
resultant prolonged internal rotation of the 
tibia, minimal restraint is available to check 
the anterior translatory forces of the tibia.

A similar scenerio of events is directly 
related to the lateral pivot-shift phenom 
enon in association with ACL insufficiency 
during the normal gait cycle (20). Follow 
ing heel strike, the quadriceps, in associa 
tion with limb inertia, produce a force that 
results in anterior tibial displacement and 
internal rotatory torque. The ACL, ham 
strings, and menisci act to resist this ante 
rior and rotatory displacement. Once the

integrity of the ACL is compromised, these 
forces meet less resistance and actual 
subluxation occurs (20).

Increased knee rotation with 
anterolateral instability at 5° flexion, which 
correlates with the lateral pivot shift phe 
nomenon, has been noted (22). During 
gait, the lateral pivot-shift phenomenon in 
the ACL-deficient knee is further com 
pounded clinically by hyperpronation. 
Excessive pronation, hi addition to ham 
string and heel cord tightness, will lead to 
increased knee flexion during gait. As 
stated earlier, normal gait requires 15° to 
20° of knee flexion. Because the pivot shift 
usually occurs from 20° to 45° of flexion 
(20), the relationship exists such that ex 
cessive pronation will increase the chance 
for a pivot shift to occur during gait.

The navicular drop test is not the only 
clinical tool available to identify 
hyperpronation of the foot and ankle com 
plex. Gait analysis, abnormal callus for 
mations, and a thorough lower quarter bio- 
mechanical evaluation also will provide 
the clinician with significant information 
to determine if excessive pronation occurs 
during gait. One study does not fully 
elucidate the relationship between 
hyperpronation and injury to the ACL. 
However, the results of this study suggest 
that a relationship does exist between 
hyperpronation and injuries of the ACL.

Additional research is indicated to 
focus on lower kinetic chain forces and 
ligament instabilities of the knee. Further 
knowledge of lower kinetic chain biome 
chanics will enhance our comprehensive 
management of knee ligament injuries.
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ABSTRACT: This study was conducted in 
order to: a) investigate the relationship of 
selected anthropometric, strength, and ki 
nematic variables to the incidence of 
patellofemoral stress syndrome in high 
school female athletes; and b) develop a 
predictive equation to screen individuals 
who may be predisposed to patellofemoral 
stress syndrome. Twenty-nine subjects 
were analyzed across nine dependentvari- 
ables: two anthropometric measures, one 
strength measure, and six kinematic mea 
sures. Heavy subjects and those with a 
larger static quadriceps angle (Q-angle) 
were more likely to have patellofemoral 
stress syndrome. Leg strength did not 
seem to be a factor. Also, a variable of gait, 
the time from foot contact to the time when 
the minimum dynamic Q-angle occurred, 
was significantly slower in the subjects 
with patellofemoral stress syndrome. Fur 
thermore, a predictive equation, which we 
created using discriminant analysis, was 
89% accurate in predicting which subjects 
would or would not have patellofemoral 
stress syndrome. The equation uses an 
individual's weight,pelvic width, and static 
Q-angle. We conclude that, throughproper
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screening, individuals susceptible to 
patellofemoral stress syndrome may be 
identified prior to their becoming symp 
tomatic, and that, through identifying 
causal variables, corrective procedures 
may be introduced in order to prevent 
patellofemoral stress syndrome from hin 
dering an individual's physical activity.

T here are many orthopedic problems 
that require anthropometric and bio- 

mechanical scrutiny in order to determine 
specific causes of pathology. Patellofem 
oral stress syndrome serves as a prime 
example, because it is a source of pain and 
discomfort to many who participate in 
physical activity. Anterior knee pain oc 
curs most commonly in adolescentfemales 
(7,8,24).

Researchers of the etiology of this 
problem have agreed that there are many 
potential causes of patellofemoral stress 
syndrome (10,14,17,20). Past studies 
(15,26,27,33) have used expensive, 
noninvasiveroentgenographic techniques, 
as well as invasive surgical procedures, to 
look at the relationship between the patella 
and femur. Most of these studies have 
involved static analysis (5,10,22), internal 
scrutiny of structural components (25,27), 
passive dynamic analysis with cadaveric 
knees (2,16), and clinical observation 
(3,13,23). From these studies, factors hy 
pothesized to be linked with patellofemoral 
stress syndrome are: weak vastus medialis 
obliquus (VMO), large quadriceps angle 
(Q-angle), increased pronation, shallow 
femoral sulcus,abnormally shaped patella, 
hypoplasic lateral femoral condyle, tight 
lateral retinaculum, variable length and 
width of the patellar tendon, and tight ham 
strings.

For this study we performed func 
tional, dynamic research that would cor 
roborate hypotheses based upon past clini 
cal, static, and passive dynamic studies.

The conditions surrounding the biome- 
chanical testing setting were intended to 
closely approximate the actual circum 
stances of injury. Observing the resultant 
movements and using biomechanical tech 
niques, in particular cinematography, al 
lowed us to quantify the variables in ques 
tion.

Materials and Methods
For the investigation, we selected 44 

high school female athletes (age = 16.1 ± 
1.3 yr). We divided them into three un 
equally sized groups. Subjects for Group I, 
the symptomatic subjects, met the follow 
ing criteria: (a) no health problems except 
patellofemoral stress syndrome as diag 
nosed by a physician, and (b) participation 
in ahigh school sport that requires running. 
Fourteen of the subjects were diagnosed as 
having either unilateral or bilateral 
patellofemoral stress syndrome, providing 
us with 21 symptomatic knees for analy 
sis. Subjects in Group II, the asymptomatic 
subjects, were healthy high school ath 
letes. This group contained 15 subjects, 
therefore 30 asymptomatic knees. Group 
IE, the verification subject group was com- 
posed of 15 subjects, eight with 
patellofemoral stress syndrome. They pro 
vided us with 14 asymptomatic knees and 
ten symptomatic knees. Note that the six 
asymptomatic knees that had contralateral 
symptomatic knees were not included in 
the division of this asymptomatic group. 
Group HI was used exclusively for verify 
ing the predictive equations created from 
Groups I and n.

Based on previous research and for 
the purpose of the investigation, we identi 
fied nine variables (Table 1) related to or 
descriptive of an individual with 
patellofemoral stress syndrome. We se 
lected two anthropometric variables, weight 
and static Q-angle.

We obtained strength data from a 
Cybex II dynamometer and dual channel
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Table 1 .—Means, Standard Deviations, and Statistical Comparisons for All Variables

Variable Asymptomatic Symptomatic df t p 
Mean(SD) Mean(SD) Value Value

Weight (N)

Static Q-angle 
(degrees)

515(63) 612(69) 44 

15.2(2.3) 17.1(2.7) 44

Maximum quadriceps 2.55(.37) 2.45(.40) 44 
strength (Nm/kg)**

Maximum pronation 12.0(3.4) 12.3(3.5) 44 
(degrees)

Time to maximum 0.094(.021) 0.106(.021) 44 
pronation (s)

4.97 0.001*

2.71 0.01*

.83 0.21

.40 0.39

1.78 0.04

Velocity at maximum 1 66. 1 (46.5) 134.8(49.5) 
pronation (degrees/sec)

44

Minimum dynamic 
Q-angle (degrees)

9.5(4.2) 7.1(4.3) 44

2.21

1.78

0.02

0.04

Time to minimum 0.099(.02) 0.127(.025) 44 4.03 0,001* 
dynamic Q-angle (a)

Q-angle at maximum 10.9(3.9) 8.5(3.9) 44 2.01 0.025 
pronation (degrees)

*Significant at 0.01 level
**Strength as a ratio of peak torque to body weight

recorder. We recorded concentric knee 
extension and flexion torques for each in 
dividual performing at 60° per second 
throughout the full range of motion. We 
normalized the strength data by dividing 
the torque by the subject's body mass in 
kilograms resulting in Nm/kg. For the 
testing procedure, we gave standardized 
instructions and tested subjects using the 
protocol as presented in the Cybex n test 
manual (19). We evaluated peak torque 
values representing maximum quadriceps 
strength for each subject in Groups I and n. 

Using two electronically driven Photo 
Sonic Dl-PL, 16mm cameras while the 
subjects ran on a Quinton Model 18-60 
treadmill, we collected cinematographic 
data. Cameras were placed 6.10m directly 
in front of and 6.10m directly behind the 
subjects. The cameras filmed active, dy 
namic Q-angle anteriorly, and rearfoot 
motion posteriorly. A nominal film speed 
of 100 Hz was used. It was calibrated at 
99.8 Hz using the number of pulses gener 
ated by an internal LED timing light. Both 
cameras were equipped with Angenieux

12 to 120mm zoom lenses, shutter factors 
of 90/360, andf/stopsof 1.8. We calibrated 
the treadmill for accurate speed prior to 
filming, and ran it at a 3.5 m/sec pace for all 
subjects.

Once on the treadmill, subjects walked 
at a 1.2 m/sec pace for a short acclimation 
period, approximately 30 seconds, then the 
speed was increased in five equal incre 
ments of 0.46 m/sec until the subjects 
reached the test speed. The speed was 
increased after subjects told us that they 
were comfortable on the treadmill. Total 
time on the treadmill for each subject aver 
aged seven minutes. After subjects were 
comfortable at the test speed, we filmed 
five right and five left consecutive foot 
falls.

We used a NAC Analysis Projector 
DF 16C to view and mark the frames to be 
studied. The two film records were syn 
chronized using the frames of foot contact. 
All trials that were analyzed had equal 
numbers of frames in both anterior and 
posterior film records indicating identical 
film speeds in both cameras.

The following body points were digi 
tized with a Vanguard M-16C projector 
motion analyzer and a SAC Graf/Pen GP- 
8 sonic digitizer: (a) a mark on the running 
shorts representing the anterior superior 
iliac spine, the midpoint of the patella, and 
the tibial tubercle for the front view, and (b) 
two points on a line segment bisecting the 
lower leg and two points on a line bisecting 
the calcaneus (Fig 1, Fig 2) for the rear 
view. Three footfalls for both lower ex 
tremities were digitized for each subject. 
Selection of footfalls was based upon ease 
of recognition of landmarks for digitizing. 
Each point was digitized three times, visu 
ally checked for outlying values, and aver 
aged to provide greater reliability. Each 
trial was digitized from the frame before

Supination (negative) 
(Calcaneal inversion)

Pronation (positive) 
(Calcaneal aversion)

Fig 1 .—Rearfoot markings (right leg); pronation 
and supination

ASIS

•Q-angle

Patella 

Tibial Tuberosity

Fig 2.—Quadriceps angle (Q-angle) markings
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heel strike to the frame of toe off. The 
resultant data were smoothed with an inter 
active routine (35).

We calculated the Q-angle, pronation 
angle, and angular velocities from the film 
data. Also, six variables describing Q- 
angle and pronation were calculated from 
the film: (a) maximum angle of pronation, 
(b) tune to maximum pronation, (c) aver 
age velocity of pronation from rearfoot 
contact to maximum pronation, (d) mini 
mum dynamic Q-angle, (e) time to mini 
mum dynamic Q-angle, and (f) dynamic Q- 
angle at the time of maximum pronation.

We used student t-tests with Bon- 
ferroni comparisons (p<0.01) to compare 
the mean values for the variables between 
Groups I and II. Using discriminant analy 
sis techniques (30), we formulated three 
predictive equations on: (a) practically 
quantified independent variables (weight, 
pelvic width, static Q-angle), which are 
easily measured using simple hands-on 
techniques; (b) technically quantified in 
dependent variables (quadriceps strength, 
maximum pronation, minimum dynamic 
Q-angle), which are measured using 
isokinetic strength testing equipment, high 
speed cinematography, and computer analy 
sis; or (c) a combination of the practical 
and technical variables used in the two 
previously mentioned equations. The dis 
criminant analysis was performed on 
Groups I and II, and verified with an inde 
pendent group, Group ffl.

Results
Data from Groups I and n are in Table 

1. Weight and static Q-angle were signifi 
cantly greater (t(44)=4.97, p=.001 and 
t(44)=2.71, p=.01) in the symptomatic 
group. A 97 N (19%) difference in weight 
and a 1.9° (12%) difference in static Q- 
angle indicated that the subjects with 
patellofemoral stress syndrome were 
heavier and had a greater valgus angle at 
the knee. None of ~ ne strength characteris 
tics were significantly different.

One kinematic variable was signifi 
cantly different (t(44)=4.03, p=.001) be 
tween the two groups. It took 28% longer 
for subjects with patellofemoral stress syn 
drome to reach their minimum dynamic Q- 
angle from foot contact than it took for 
asymptomatic subjects.

The first predictive equation consisted 
of three variables that could be measured 
quickly and easily (Table 2). It could 
predict 89% of the time whether a subject 
would or would not have patellofemoral

stress syndrome. The second equation used 
three variables that had to be measured by 
Cybex dynamometry, high speed cinema 
tography, and computer analysis. This 
equation did not perform as well. It cor 
rectly predicted 7 1 % of those who were not 
symptomatic and 56% of those who were 
symptomatic. The third equation consisted 
of all six variables from the two previously 
mentioned equations. Itcorrectly predicted

ship between ground reaction forces and 
joint reaction forces and moments (34). 
Therefore, the heavier symptomatic sub 
jects in this study probably had larger forces 
and moments about the knee. In order to 
control these large forces, the quadriceps 
must contract eccentrically, exerting a large 
force so that a controlled, smooth running 
gait can occur. Because the patella acts as 
a fulcrum for, and is embedded in, the

Table 2.—Discriminant Analyses

Function Actual Group Predicted Group Overall
Asymp Symp Predictability

Practical Variables* Asymp = 28 
Symp = 18

Technical Variables** Asymp = 28 
Symp = 18

Combined Variablest Asymp = 28 
Symp = 18

Verification Variablestt Asymp = 14 
Symp = 10

25 (89%) 
2(11%)

20(71%) 
8 (44%)

26 (93%) 
5(28%)

10(71%) 
1 (10%)

3(11%) 
16(89%)

8 (29%) 
10(56%)

2(7%) 
13(72%)

4(29%) 
9 (90%)

89%

65%

85%

79%

* Practical variables function is 0. 1 24 static Q-angle - 64.2 pelvic width + 0.026 
weight + 3.3.

** Technical variables function is 0.23 minimum dynamic Q-angle - 2.01. The 
values for maximum pronation and maximum quadriceps strength did not meet 
the entry criteria for use in this equation.

t Combined variables function is 0.16 static Q-angle - 64.8 pelvic width + 0.025 
weight - 0.11 minimum dynamic Q-angle + 4.24.

tt Verification variables function uses the practical variables function with data from 
the verification group.

93% of those who did not have 
patellofemoral stress syndrome and 72% 
of those who did. A verification group 
consisting of 15 subjects was used to deter 
mine the predictability of the best discrimi 
nant equation. The first equation was 
deemed the best, because it had an overall 
higher predictive ability than the other equa 
tions, and obtaining values for the 
equation's variables was simple.

Discussion
Anthropometric variables that were 

significant in this study correspond to those 
reported in previous research. Heavier 
runners produce larger ground reaction 
forces (12), and there is a direct relation-

quadriceps mechanism, it also will un 
dergo large forces that will predispose it to 
injury (9).

The larger value for static Q-angle 
observed hi the symptomatic knees agrees 
with that of Aglietti et al. (1), who reported 
that static Q-angles greater than 17° are 
associated with patellofemoral stress syn 
drome and that asymptomatic knees have 
smaller static Q-angles of 15°. The differ 
ence of 1.8° between groups appears to be 
small, but must be considered in the con 
text of chronic, or overuse, injury develop 
ment. Namely, running and jump training 
involve numerous repetitions of knee flex 
ions and extensions and ground contact 
phases.
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Over the course of several months, 
small differences between single steps may 
have a cumulative effect. This effect holds 
true for small impact forces repetitively 
applied to animal legs (28). Joint degen 
eration and changes in substance of 
subchondral bone and articular cartilage 
were observed. The critical variable al 
luded to by the data in this study seems to 
be the Q-angle. This idea is supported by 
those subjects who displayed symptoms in 
one knee. The weight was the same over 
both knees, but the knee with the larger Q- 
angle was more likely to have 
patellofemoral stress syndrome. For ex 
ample, subject ten was asymptomatic in 
the right knee and had a static Q-angle of 
12° on that side. The contralateral, symp 
tomatic knee had an angle of 16°.

The strength variables were not sig 
nificantly different. This result does not 
substantiate the prevailing thought that 
quadriceps weakness, particularly in the 
vastus medialis obliquus is largely the re 
sponsible component of patellofemoral 
stress syndrome (11,24). We believe that 
our strength measures were not significant, 
because they were concentric measure 
ments. The main function of the quadri 
ceps, when running or landing from a jump, 
is to decelerate the fall of the body's center 
of mass, an eccentric action (17). Recom 
mendations for further study include ec 
centric strength analyses of the quadriceps, 
which may show differences between 
Groups I and n.

Kinematic variables that we analyzed 
reflected pronation and Q-angle move 
ments. Elapsed time to reach minimum Q- 
angle was significantly smaller in the 
asymptomatic group. This follows the pat 
tern of a nonpathological closed kinetic 
chain whereby, when maximum pronation 
is reached more quickly, concurrent dy 
namic Q-angle should respond similarly. 
Many (6,31,32) consider patellofemoral 
stress syndrome to be primarily the result 
of an asynchronous closed kinetic chain, 
particularly in the relationship of rearfoot 
pronation to quadriceps angle.

Elements of pronation deemed critical 
by physicians and biomechanists (5,18,21, 
29) are the total degrees pronation and the 
time during which pronation takes place. 
These areas influence the shock-absorbing 
ability of the foot and leg. Velocity at 
maximum pronation was not significantly 
larger in the asymptomatic group, but the 
slower value in the symptomatic group did 
make us think that it may have been af actor

in the development of patellofemoral stress 
syndrome. Because pronation is crucial to 
decreasing the forces at foot contact, if the 
velocity at which pronation occurs is high 
enough, the dissipation factors may not be 
able to accommodate the vertical ground 
reaction forces of the movement; hence, 
trauma occurs to structures not normally 
responsible for absorbing such forces.

The value of the dynamic Q-angle 
which coincided with maximum pronation 
is interesting. Tiberio (32) alluded to the 
closed kinetic chain relationship between 
pronation and Q-angle, and stated that as 
the foot pronates, the tibia internally ro 
tates, which effectively causes the Q-angle 
to become smaller. Theoretically, the point 
during footfall when maximum pronation 
occurs should be where the minimum Q- 
angle occurs. When the foot begins supi- 
nation, the tibia should respond by exter 
nally rotating, resulting in progressively 
larger Q-angles, as dictated by normal ki 
nematics (4,31). If these events do not 
occur simultaneously, rotational moments 
in opposite directions will result at the 
subtalar joint and at the articulations of the 
tibia, femur, and patella. The resultant 
counterrotational torques will manifest 
themselves somewhere along the kinetic 
chain, with a probable site being the knee. 
It should be noted that dynamic Q-angles 
were measured in two dimensions in this 
study and that other rotational components 
may affect these measurements. This is a 
limitation of the study.

We believe the first discriminant equa 
tion was best because it used variables that 
were less cumbersome and less costly to 
measure, and it was a better predictor than 
the others. Also, athletic trainers and oth 
ers who see athletes prior to competitive 
seasons can easily advise the athletes based 
on the outcome of these simple variable 
measurements. Including weight as a vari 
able was the major factor in producing a 
good predictor. The mean values of weight 
for the asymptomatic group and symptom 
atic group differed substantially. It should 
be noted that the practical variables were 
equally adept predictors for the 
asymptomatic group (89%) and for the 
symptomatic group (89%). The verifica 
tion subjects displayed a different trend, 
with symptomatic subjects being predicted 
correctly at a higher rate than 
nonsymptomatic subjects (90% to 71%).

Prevention of athletic trauma via ap 
propriate screening activities is impera 
tive. Our research takes an important step

in that direction using anthropometric, 
isokinetic, and biomechanical techniques. 
It is interesting that the practical variable 
equation using only anthropometric vari 
ables had the highest prediction ability and 
was the least cumbersome to use, making it 
applicable in the clinical setting. As obvi 
ous as it seems, those individuals who are 
heavier should probably be encouraged to 
lose weight prior to engaging in athletics 
that require a lot of running and jumping. 
Or, they should be advised to participate in 
activities such as walking, biking, swim 
ming, and low impact aerobics, because 
these do not require vertical ground forces.
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Plantar Fasciitis—Heel Pain in Athletes
Jeffery A. Middleton, MS, ATC 

Eric L. Kolodin, DPM

ABSTRACT: Plantar fasciitis is the most 
frequent hind foot problem that affects 
runners. It occurs when repetitive stress 
is placed on the heel from a chronic or 
acute condition. Athletes with biomechani- 
cal imbalances are most susceptible to this 
condition. They exhibit pain in the morn 
ing upon weight bearing and, frequently, 
in the acute stage, have discoloration of 
the injured area. Management includes 
preventive and therapeutic exercise,physi 
cal therapy, strengthening routines, tap 
ing, and the use of orthotics and non- 
steroidal anti-inflammatory drugs 
(NSAIDs). Although injections andNSAIDs 
bring relief, their effects are often only 
temporary. This condition is best treated 
with therapeutic exercises and orthotics in 
order to correct the athlete's biomechani- 
cal faults. This article presents principles 
and techniques that can be used to effec 
tively prevent and treat plantar fasciitis.

P lantar fasciitis is an overuse injury 
that involves an inflammatory reac 

tion of the plantar fascia at its origin on the 
calcaneus. It is most prevalent in runners, 
but can occur in any athlete who plays on 
hard surfaces and in heavier individuals. A 
review of the literature indicates that the 
signs and symptoms of this condition are 
uniform among athletes, and that it is the 
most frequent hind foot problem in runners 
(1,2,10). Many sources describe etiology 
and treatment protocols (3,5,7,8,13). The 
focus of this article is to describe a system 
atic approach to the management of plantar

Jeffery Middleton is the athletic trainer 
at South Plainfield High School in South 
Plainfield, NJ. He is the past president of 
the Athletic Trainers' Society of New Jer 
sey and sits on the NJ Board of Medical 
Examiner's Athletic Training Advisory 
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Eric Kolodin is apodiatric consultant 
to South Plainfield High School and is in 
private practice in Edison, NJ.

fasciitis that is based on anatomy, recogni 
tion, treatment techniques, and preventive 
and therapeutic exercises.

Anatomy
The plantar fascia is divided into three 

slips: medial, central, and lateral. The 
central portion is the thickest and origi 
nates at the medial process of the calcaneal 
tuberosity. It then divides into five slips. 
These blend into the distal plantar aspect of 
the digits. The medial and lateral portions 
blend with the central portion as the course 
becomes more distal (4) (Fig 1).

Fig 1.—Plantar fascia and its three slips

Mechanism of Injury
Plantar fasciitis occurs when repeti 

tive stress is placed on the heel because of 
a chronic and/or acute condition (13). This 
stress may be attributed to running or jump

ing on hard surfaces, accompanied with 
constant pounding to the heel. Road racing 
and race walking, basketball, track, and 
sports played on unyielding surfaces are 
examples of activities that predispose ath 
letes to this injury. The constant pull on the 
origin of the fascia causes microtears and 
inflammation in the heel area resulting in 
pain. In chronic cases, a bone spur may 
develop. The spur, in these instances, does 
not cause the athlete's pain, rather, the 
presence of fascia! fibers around the spur 
result in an inflammatory process as they 
are pulled off the calcaneus (13).

Signs and Symptoms
Certain biomechanical factors may 

lead to plantar fasciitis. An individual with 
a high forefoot varus deformity may com 
pensate with a significant pronatory force, 
placing the plantar fascia under stress. 
Forefoot varus is a congenital fixed defor 
mity in which the plantar plane of the 
forefoot is inverted to the plantar plane of 
the rearfoot with the subtalar joint in the 
neutral position (14). Those who present 
with more than 4° of forefoot deformity 
will compensate for this fixed deformity, 
which increases the stress on the origin of 
the fascia by pulling it off the calcaneus. 
This subsequently creates inflammation, 
pain, spasm, and bone spur formation. 
Athletes with a high or low archedfoot also 
are likely to develop this condition. The 
high arched foot creates heel pain through 
the pull of the plantar fascia resulting from 
the hammering and contracting of the lesser 
digits. Frequently, there is swelling and 
discoloration over the plantar-medial as 
pect of the heel. A palpable defect in the 
fascia at its origin on the calcaneus may be 
evident. This requires immediate support 
or immobilization to lessen the extent of 
the tear (8).

The classic symptom of this condition 
is pain when first taking a step out of bed in 
the morning or after any prolonged rest 
period (12). Usually, pain is present in the 
plantar-medial aspect of the calcaneus and 
may be bilateral or unilateral. The pain and 
stiffness when bearing weight is related to
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muscle spasm and splinting of the fascia 
secondary to the inflammation. When this 
occurs, a normal muscle length is not at 
tained easily, thus additional irritation and 
pain result.

Management of Plantar Fasciitis
Management of plantar fasciitis is 

accomplished by addressing six specific 
areas: 1) Prevention, including stretching, 
warm-up, and proper shoe selection; 2) 
Use of therapeutic modalities; 3) Strength 
ening exercises; 4) Adhesive taping; 5) 
Orthotics; and 6) NSAIDs and cortisone 
injections.

Prevention
The prevention of plantar fasciitis re 

quires relatively simple procedures that 
take minimal time from the athlete's work- 
out. Incorporated with a sound strengthen 
ing program, these preventive measures 
reduce the chance of injury and time loss.

Warm-up and stretching. We en 
courage all athletes to precede any work- 
out with a warm-up that produces a good 
sweat. A perspiring athlete's soft tissues 
will be supple and receptive to the stretch 
ing exercises. A warm-up requires light 
jogging, walking, calisthenics, or bike 
riding for five to ten minutes. Proper stretch 
ing form is always emphasized, because 
improper technique can lead to soft tissue 
injury and an actual decrease hi flexibility 
(2).

We strongly emphasize stretching 
exercises, because they effectively decrease 
the probability of musculotendinous inju 
ries to the foot and help reduce soreness of 
the plantar fascia. It is essential to perform 
stretching exercises several tunes each day, 
but especially when the athlete arises, be 
fore and after practice, and before bedtime. 
We insist that all stretches be done stati 
cally and that the initial hold position is 15 
seconds. The stretch times increase by five 
seconds each day until a stretch time of one 
minute for each is attained. The prolonged 
stretching is required to overcome the 
stretch reflex (2).

Fig 2 illustrates the classic wall lean 
stretch for the gastrocnemius muscle. An 
ankle that can easily dorsiflex 10° to 15° or 
more is essential for injury prevention (2). 
Perform the stretch with the foot straight 
ahead, abducted, and adducted for up to 
one minute (Fig 3, Fig 4, Fig 5).

The stretch in Fig 6 isolates the soleus. 
Lower the hips slightly as you bend the

knee, keeping the heel of the back leg on 
the floor. Hold each of these stretches for 
up to one minute.

The golf ball stretch (Fig 7) isrepeated 
for up to five minutes for both feet. While 
seated, place a golf ball underneath the foot 
and slowly roll it up and down the arch, 
making sure not to use bruising pressure. 
Do not roll the ball on the center of the heel 
itself, or wherever there is point tenderness 
(8).

Also, the plantar fascia can be stretched 
using hand resistance by applying a force

causing dorsiflexion of the great toe (Fig 
8). Hold for up to one minute, repeat two 
or three times before running.

Finally, with your thumb, massage the 
longitudinal arch of the foot up and down 
(Fig 9). Circular motions with firm pres 
sure help loosen tight fascia! tissues. Re 
peat three or four times each day, espe 
cially after running and at bedtime.

Shoe selection. Proper shoe selection 
is critical for preventing plantar fasciitis hi 
athletes. An ill-fitting shoe can cause or

Fig 2.—Wall lean stretch Fig 4—Gastrocnemius stretch with foot ab 
ducted

Fig 3.—Gastrocnemius stretch with foot pointed 
straight

Fig 5—Gastrocnemius stretch with foot ad- 
ducted
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Fig 6.—Alternate wall lean stretch Fig 7.—Golf ball stretch

4)

5)

6)

the day; therefore, you should buy 
shoes in the afternoon. 
All shoe sizes are not the same. Size 
depends on shoe make and style. 
The toe box should be roomy enough 
to allow you to wiggle all of your toes. 
Athletic shoes must have a flexible 
sole. The shoe should bend where

Fig 8.—Dorsiflexion of toe stretch

your foot bends, at the ball of the foot.
7) The instep should not gape and the 

heel should fit snugly.
8) The shoe must have sufficient longi 

tudinal support and a stiff heel counter.
9) There should be a padded extension 

around the heel and adequate insole 
cushioning.

Fig 9.—Deep friction massage

aggravate numerous problems, whereas 
shoes that are the proper size may prevent 
injuries from occurring (Fig 10).

An athlete should remember these 
guidelines when selecting athletic shoes 
(9):

1) Shoes must be comfortable. Only you 
can tell if they fit. If the shoes are not 
comfortable, don't buy them!

2) Because feet are not necessarily sym 
metrical, have your feet measured each 
time you purchase shoes. Always buy 
shoes to fit your largest foot.

Fig 10.—Checklist for running shoes
1 . Toebox allows room for all toes to wiggle.
2. Instep does not gape.
3. Adequate insole cushioning
4. Padded extension around Achilles' tendon

3) Feet swell to their largest size late in 5. Heel fits snugly.

10

6. Stiff heel counter
7. Padded ankle opening
8. Outflared heel for stability
9. Sufficient longitudinal arch support
10. Flexible sole
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10) The heel should be slightly flared for 
added stability.

Therapeutic Modalities
To treat plantar fasciitis, the modali 

ties that we have used with the greatest 
success are ice, ultrasound, deep friction 
massage, and electrical muscle stimula 
tion. If the injury appears to be responding 
to a particular modality, we keep using it 
until the athlete is asymptomatic.

In acute phases of this condition, cold 
applications in the form of ice massage or 
ice bags are applied for at least 20 minutes, 
but no longer than 30 minutes, three or four 
times per day. The ice controls the swell 
ing and relieves the discomfort of the in 
flammatory process of the injury.

Continuous ultrasound (.5-1.0 W/cm) 
for five minutes daily may be used in the 
post acute phase of the injury. The effects 
of ultrasound (i.e., painreduction, increased 
blood flow, increased metabolism, and re 
duction of muscle spasm) (10) help in 
treating plantar fasciitis, and ultrasound 
has been a successful treatment for our 
athletes.

The direct effects of deep friction 
massage are also indicated in treating this 
condition. The deep massage (small circu 
lar movements over the affected area) af 
fects skeletal structures to provide thera 
peutic movement over a small area. Scar 
tissue that may have formed is loosened, 
local edema is absorbed, and local muscu 
lar spasm is reduced (10). Treatments 
should be performed daily for five to ten 
minutes until symptoms subside.

The combination of ultrasound with 
electrical muscle stimulation also may be 
used to treat plantar fasciitis. Ultrasound 
provides deep heating to the tissues and the 
electrical muscle stimulation aids in in 
creasing tissue flexibility and strength (10).

Strengthening Exercises
The strengthening exercises described 

in this section are used to strengthen the 
muscles of the foot before and after an 
injury. These excellent preventive mea 
sures for plantar fasciitis are divided into 
two categories: weight bearing and non- 
weight bearing. The non-weight bearing 
exercises would be specifically indicated 
for post acute injury situations.

1) Non-weight bearing exercises
a. Alphabet—With the toes pointed 

straight ahead, write the com 
plete alphabet in the air with the

toes, three times.
b. Toe squeeze—Sit with both legs 

extended. Squeeze all five toes 
together and hold for five sec 
onds. Relax and then spread the 
toes in a fanned position. Repeat 
ten times, with both feet, three 
times per day.

c. Marblepick—Use the toes to pick 
up small objects, such as marbles, 
and place them in a container. 
Repeat five times per day.

d. Ankle circle—Circumduct the 
ankle in both directions using as 
much of the full range of motion 
as possible. Repeat three times 
each day. 

2) Weight bearing exercises
a. Step squeeze—Stand on a 

stairstep with your toes lapping 
over the edge. Contract the toes 
against the edge of the step and 
hold for a count of five. Relax. 
Repeat ten times.

b. Towel grab—Sit in a chair with a 
towel laid on the floor in front of 
you. Gather the towel with your 
toes. Repeat ten times, three times 
each day.

c. Towel scoop—Place a folded 
towel on the floor next to you and 
perpendicular to the direction in 
which you are facing while seated. 
Place your forefoot on the end of 
the towel. Keep your heel on the 
floor and scoop the towel side 
ways by inverting the foot. As 
strength increases, a resistive 
weight may be added to the end 
of the towel. Repeat ten times 
each day (2).

Adhesive Taping for Plantar Fasciitis
Although there are several methods of 

applying adhesive tape for this condition 
(2,6,11,15,16), the method described here 
has been most effective and comfortable 
for our athletes.

Materials needed
1. Taping adherent
2. Moleskin plantar fascia strap 2" to 3" 

wide (Fig 11)
3. Adhesive tape - 1 V4" or 2" wide, de 

pending on foot size
4. Elastic tape - 2" wide

Procedure
1. Seat athlete with the ankle flexed 

at 90°.

Fig 11 .—Plantar fascia strap

Fig 12A. Fig12B.

Fig12C. Fig12D.

Fig 12E. Fig 12F.

Fig 12—Adhesive taping for plantar fasciitis
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2. Prepare the skin with adherent.
3. Place the moleskin strap over the meta- 

tarsal heads. Attach the other end of 
the strap over the back of the calca- 
neus (Fig 12,A).

4. Using 2" wide elastic tape, begin a 
figure 8 pattern by attaching the be 
ginning end of the tape at the base of 
the fifth metatarsal (Fig 12,B). Move 
at an angle that allows circling of the 
calcaneus; then, cross at the longitudi-

Fig 13.—Heel doughnut

nal arch at mid-foot. Finish at the first 
metatarsal head.

5. Using 1 Wor 2" wide tape, place a strip 
at the lateral side of the fifth metatar 
sal (Fig 12,C). Move the tape parallel 
to the foot, around the heel, and finish 
at the medial side of the first metatar 
sal (Fig 12,D).

6. Cover the tape and plantar fascia strap 
with adhesive tape strips, starting on 
the lateral side, encircling the heel, 
and ending on the medial side.

7. Repeat step 5.
8. Complete the taping technique by ap 

plying circular 1 W strips of tape around 
the foot, beginning on the lateral side 
and finishing on the medial side (Figs 
12,E and 12,F).

In addition to applying adhesive tape, 
a heel doughnut may relieve some of the 
irritation of the plantar fascia. This should 
be accompanied by a heel lift of W to 3/4" 
high, placed in the heel of each shoe (Fig 
13).

Orthotics
Acute heel pain is best treated with the 

aforementioned modalities, shock 
absorbant devices, and taping techniques 
that take the stress off the plantar fascia. A 
chronic case responds well to a functional 
orthotic device. Orthotics assist in balanc 
ing the foot and relieving pressure placed 
on the heels. Polypropylene metatarsal 
length Orthotics work well with walkers. 
Athletes who place more weight on the ball 
of the foot, however, generally will do well 
in a full length orthotic to control biome- 
chanical abnormalities in the forefoot, such 
as forefoot varus or valgus deformities (8).

Nonsteroidal Anti-inflammatory Drugs 
(NSAIDs) and Injections

Long- and short-acting cortisone in 
jections and/or NSAIDs may be necessary 
to bring relief. This may be temporary, 
however, if a biomechanical imbalance is 
present. However, we believe it is more 
successful to focus on the athlete's biome 
chanical faults by using orthotic devices.
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CASE STUDY

Rehabilitation of Myositis Ossificans 
in the Brachialis Muscle

Mark S. De Carlo, MS, PT, SCS, ATC
Kimberly R. Carrell, ATC

Gary W. Misamore, MD
Kecia E. Sell, ATC

ABSTRACT: Theories on the etiology and 
management of myositis ossificans vary 
greatly. In this article, possible causative 
factors and treatment options are reviewed. 
We present a successful treatment regimen 
for myositis ossificans of the brachialis 
muscle in a 15-year-old football player. 
The treatment program emphasizes using 
joint mobilization and eccentric strength 
ening early in rehabilitation. The patient 
regained full elbow range of motion after 
nine weeks of this rehabilitation program. 
Follow-up at nine months revealed nearly 
complete maturation of the heterotopic 
bone formation, full pain-free range of 
motion, normal strength, and a safe return 
to athletic competition.

M yositis ossificans traumatica is 
heterotopic bone formation (4,14) 

that generally results from trauma to muscle 
tissue (7,10). The highest incidence of 
myositis ossificans traumatica occurs in
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the quadriceps muscle, while the next 
highest occurs in the brachialis muscle 
(1,3,4,14,15). The literature on myositis 
ossificans contains a variety of opinions 
regarding the pathogenesis of the disor 
der, the best means of diagnosis, a proper 
management and treatment regimen, and 
indications for surgical intervention. The 
initial emphasis of injury management is 
to prevent the formation of myositis 
ossificans (4). If myositis ossificans oc 
curs, decreased range of motion and lim 
ited functional use result. The emphasis 
then changes to restoring normal function 
andreabsorbing the heterotopic bone. Our 
purpose is to introduce a unique treatment 
protocol for those having myositis ossifi 
cans formation by presenting a case re 
port of a patient seen at Methodist Sports 
Medicine Center in Indianapolis, IN.

Case Report
A 15-year-old football player pre 

sented at the clinic with a seven-week 
history of right arm pain and resultant 
disuse. Thepatient sustained adirect blow 
to the humerus just proximal to the elbow 
joint and, despite experiencing difficulty, 
continued to participate in football with 
padding over the area. He initially used a 
heating pad and warm whirlpool treat 
ment, as well as range of motion exer 
cises. Three weeks after the initial injury, 
he suffered another blow to the same area. 
At this time he noticed an almost immedi 
ate onset of swelling, tightness, and re 
stricted range of motion at the elbow 
joint. He continued to experience pain in 
the area of the brachialis muscle radiating 
into the forearm. These symptoms were

aggravated by any use of the arm. His 
ability to extend his arm from the elbow 
continued to decrease, prompting the need 
for medical attention at our facility.

Physical examination at the initial 
visit revealed a firm, immobile mass in 
the area of the brachialis muscle. At 
tempts to mobilize this mass elicited mi 
nor discomfort. A fixed flexion contracture 
of the elbow was noted with decreased 
range of motion of 0-65-125. (At this 
clinic, range of motion is described by 
three numbers. The first number denotes 
hyperextension, the second number rep 
resents any degree of flexion contracture, 
and the third number indicates the degree 
of flexion of the joint. For example, 10-0- 
145 describes a ginglymus or hinge joint 
with 10° of hyperextension to 145° of 
flexion or 155° of total range of motion, 
while 0-65-125 denotes a 65° flexion con 
tracture to 125° of flexion or 60° of total 
flexion.) Passive range of motion evalu 
ation elicited pain and reflexive spasm in 
the flexor muscle mass. Joint mobiliza 
tion techniques used to assess the integ 
rity of the capsular structures at the elbow 
revealed definite capsular restriction. Ra- 
diographic evaluation revealed a large 
area of myositic ossification approximately 
9 cm long and 3 cm wide in the region of 
the brachialis muscle (Fig 1).

The patient was placed on a rehabili 
tation program that included ice massage, 
gentle passive range of motion, eccentric 
strengthening, and mobilization of the 
elbow joint three times a week. Because 
of the formation of myositis ossificans, 
the patient experienced pain, muscle spasm, 
and a resultant disuse of his elbow. See-
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Fig 1.—Radiograph of myositis ossificans for 
mation in brachialis muscle, seven weeks follow 
ing injury

ondary to this disuse, capsular soft tissue 
restriction resulted, which in turn led to 
further disability and disuse. Therefore, 
during the early phase of rehabilitation, 
the primary emphasis was on regaining 
capsular mobility and joint accessory 
motions through joint mobilization tech 
niques. The following three techniques 
were used to restore these accessory mo 
tions and thus regain physiological range 
of motion at the elbow joint (3,11,12).

1. Dorsal-ventral glide of the radial 
head was performed with the elbow ex 
tended and the forearm supinated to the 
end of the available range (Fig 2). This 
technique facilitated the return of elbow 
flexion and extension (11).

2. Humero-ulnar distraction occurred 
with the elbow at approximately 70° of 
flexion, stressing the anterior part of the 
capsular ligament and allowing increased 
extension (12) (Fig 3).

3) A medial glide of the humerus

with the forearm fixed 
served to increase flex 
ion and extension (11) 
(Fig 4).

In addition, gentle 
passive motion was 
performed through a 
pain-free range, and 
eccentric strengthening 
of the biceps and 
brachialis was initiated 
with five pounds of 
resistance. The weight 
was increased in in 
crements of 2 Vi pounds 
as strength and range 
of motion improved. 
Isolated lengthening 
motion of eccentric 
contraction allows 
early strengthening 
with minimal risk of 
further insult to the 
muscletissue(5). Dur 
ing this phase of reha 
bilitation, the patient 
was restricted from 
contact sports, but was 
allowed to continue 
light activities, which 
included running and 
shooting a basketball 
to prepare for the win 
ter athletic season.

After three weeks 
of this rehabilitation 
program, the patient's 
range of motion im 
proved to 0-25-145. He 
subjectively noted less 
pain, tightness, and 
muscle spasm. A pad 
of Temperfoam with an Orthoplast outer 
shell was placed over the area of ossifica-

Fig 3.—In the humero-ulnar distraction, the elbow is in approximately 
70° of flexion and the forearm is supinated. The shoulder harness 
around the axilla is used for additional stabilization of the humerus.

Fig 2.—Dorsal-ventral glide of the radial head is performed with the elbow extended and the forearm 
supinated.

Fig 4.—During the medial glide of the humerus on a fixed forearm, the 
elbow is nearly extended and the forearm is supinated. The shoulder 
harness around the axilla is used for additional stabilization of the 
humerus.

tion. He was permitted to start practicing 
basketball with this protective device.

At five weeks following the initial 
visit, his range of motion was 0-15-145. 
Strength of the biceps was graded as good 
with resisted manual muscle testing. He 
no longer complained of pain upon pas- 
siverange of motion. Radiographic evalu 
ation revealed some degree of maturation 
of the soft tissue ossification. Maturation 
occurs following formation, reabsorption, 
and resolution of the now-stable ossified 
area.

After nine weeks of rehabilitation, or 
16 weeks following the initial injury, the 
patient exhibited full elbow range of mo 
tion and was participating in basketball 
without restrictions. Routine physical
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therapy was discontinued. He continued 
to perform strengthening exercises, chang 
ing from eccentric to concentric work. 
The protective pad was worn throughout 
the remainder of the basketball season.

The patient presented for follow-up 
nine months after his initial visit. He had 
no complaints of pain or problems, and he 
was participating in athletic endeavors 
without diff iculty . Elbow range of motion 
was 0-0-150. Isokinetic strength evalua 
tion for elbow flexion and extension at 
speeds of 60°/second, 180°/second, and 
240°/second revealed torque values greater 
than 100 percent at all speeds when com 
pared to the uninvolved extremity. Nearly 
complete maturation and stability of the 
heterotopic bone formation was evident 
on radiographs (Fig 5). For participation 
in contact sports, the patient was fitted 
with a protective bicep pad with an outer 
shell.

Discussion
There is disagreement in the litera- 

tureregarding the pathogenesis of myositis 
ossificans traumatica, and the degree to 
which it is preventable. The progression 
of this disorder originates with trauma 
resulting in a deep muscle contusion. A

Fig 5.—Radiograph of nearly complete matura 
tion of the myositis ossificans formation in 
brachialis muscle, eleven months following in 
jury
hematoma is formed that stimulates bone 
growth into the muscle tissue, which re 
sults in myositis ossificans (4,10). Some 
authors feel that the post-traumatic course 
of deep muscle contusions is significantly 
determined by the treatment administered 
in the acute inflammatory phase of wound 
healing. They contest that failure to pro

vide immediate immobilization, rest, ice, 
and elevation may contribute to the for 
mation of myositis ossificans (2,4,14,15). 
Other authors propose that improper man 
agement of the resultant hematoma and 
forced stretching of the muscle in the 
acute phase lead to the disorder (7,10). 
Another view is that the management of 
the trauma has no bearing on the develop 
ment of myositis ossificans. Rather, the 
nature and/or extent of the initial trauma 
determine the result (6,9,12), or some 
other uncontrollable factor, such as body 
composition or chemistry, affects the ul 
timate outcome (9).

The rehabilitation is controversial in 
regard to theuse of forced passive stretch 
ing, passive range of motion, and joint 
mobilization in the management of deep 
muscle contusions and myositis ossificans. 
Use of forced passive stretching to regain 
muscle length and range of motion is 
generally contraindicated in both contu 
sions and mature heterotopic bone forma 
tion. This may cause muscle tissue tears 
(12,14) or contribute to actual bone growth 
(8,13). Cyriax (6) and T.A. Brady, M.D. 
(conversation, August 1988) contradict 
these claims, citing cases where myositis 
ossificans did not develop after forced 
manipulation of anesthetized patients. 
Passive range of motion is generally be 
lieved to be contraindicated in the man 
agement of muscle contusions and myositis 
ossificans (4,14,15) because of the risk of 
tearing muscle tissue. However, the lit 
erature is inconclusive regarding its con 
tribution to heterotopic bone growth (13). 
The use of joint mobilization following 
the formation of myositis ossificans is not 
discussed extensively in the literature. 
However, Kessler et al (12) advocate the 
use of joint capsular mobilization without 
passive or forceful manipulation of the 
surrounding muscle. Others feel that any 
form of mobilization or massage, espe 
cially in the early acute phases, should be 
avoided (2,15).

The use of modalities such as ultra 
sound, ice, and moist heat remains a sub 
ject of debate (4,9,15). Some authors re 
port that modalities have helped the con 
dition, while others adamantly maintain 
that theuse of modalities is contraindicated, 
because they may contribute to further 
ossification in the early stages following 
injury (15).

Ideally, when an athlete presents with 
a deep muscle contusion, attempts are 
made to prevent the growth of heterotopic

bone. These preventive measures include 
immediate ice, compression, elevation, 
and rest, followed by gentle, pain-free 
attempts to restore range of motion in the 
later stages of healing (3,4,9,15). How 
ever, even when the most careful mea 
sures are taken to protect the initial trauma 
from further injury, myositis ossificans 
may develop. Also, as described in the 
case study of this paper, patients may 
present with a formation of heterotopic 
ossification several weeks following the 
initial insult.

It has been our experience in these 
cases that patients not only present with 
fixed flexion contracture, but because of 
the trauma and immobilization, they may 
have decreased accessory movement at 
the involved joint. In these instances, our 
focus is placed on restoring physiological 
range of motion through mobilization tech 
niques. Joint mobilization, as previously 
described, is carried out and has been 
shown to be very successful in returning 
patients to their previous functional level. 
Contrary to the beliefs of other authors, 
we feel that patients with myositis ossifi 
cans, as well as those with severe biceps 
or brachialis contusions, are best served 
through the use of joint mobilization. 
Muscle spasm, pain, and connective tis 
sue tightness are relieved with mobiliza 
tion, allowing improvement in active range 
of motion without forceful stretching of 
the muscles in the arm (12). Long-term 
follow-up of these patients has revealed 
natural reabsorption of any soft tissue 
ossification and no evidence of compro 
mise to the natural healing process of the 
body. This demonstrates that arehabilita- 
tion program incorporating joint mobili 
zation techniques will allow patients with 
myositis ossificans of the arm to return 
quickly and safely to full participation in 
athletics.
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The Effect of Molded and Unmolded 
Orthotics on Balance and Pain While 
Jogging Following Inversion Ankle Sprain

Linda Combs Orteza MS, PT, ATC
W. Daniel Vogelbach, PT, ATC

Craig R. Denegar, PhD, ATC

ABSTRACT: During this study, we exam 
ined the effects of using molded orthotics 
on persons who had suffered an inversion 
ankle sprain. We assessed standing bal 
ance with a digital balance evaluatorfor a 
group of 15 subjects who had no history of 
ankle sprains and for a group of nine 
subjects with acute ankle sprains. Then, 
we assessed the subjective pain experi 
enced by ten subjects with acute ankle 
sprains while they jogged. During each 
part of the study, we tested the subjects 
while they were using a molded orthotic, 
an unmolded orthotic, and no orthotic in 
their shoes. We alternated the order of 
these treatments with each consecutive 
subject. The results indicate that subjects 
with a history of recent inversion ankle 
sprains had poorer balance than uninjured 
subjects. Molded orthotics had no effect 
on balance scores in the uninjured group, 
but their use improved balance scores in 
the ankle sprain group. Unmolded orthotics 
did not improve balance scores. Molded 
orthotics helped to decrease ankle pain 
during jogging for those with an ankle 
sprain, but unmolded orthotics did not. 
These findings suggest that molded 
orthotics may play a role in the treatment 
of inversion ankle sprains.

Linda Orteza is director of rehabilita 
tion at SportsMedicine Grant in Colum 
bus, OH.

Daniel Vogelbach is area manager of 
operations at Health South Rehabilitation 
Corporate, Orlando, FL.

Craig Denegar is an associate profes 
sor at Slippery Rock University, School of 
Physical Therapy, Slippery Rock, PA.

A sprained ankle is one of the most 
common injuries in competitive and 

recreational sports. Without adequate treat 
ment, this injury can result in chronic insta 
bility (2). The majority of treatment proto 
cols for ankle sprains call for inflammation 
control, early motion, gradual strengthen 
ing, proprioceptive training, functional pro 
gression, and some type of supportive de 
vice to protect the talocrural joint (4,12). 
The subtalar joint is seldom addressed in 
the treatment protocol, even though subtalar 
joint motion increases after lateral ankle 
sprains (9) and subtalar joint motions have 
a direct effect on ankle injuries (7). Stand 
ing talar tilt, which occurs with ankle 
sprains, can be limited by a neutral orthotic 
designed to control the subtalar joint, rather 
than the talocrural joint (14). Clinically, 
we have observed that such an orthotic 
decreases pain and permits an earlier re 
turn to normal activity following ankle 
sprains.

The reasons for conducting this study 
were to determine if: 1) recent inversion 
ankle sprains affect time out of balance as 
measured with a digital balance evaluator; 
2) molded and unmolded orthotics affect 
balance measurements; and 3) molded and 
unmolded orthotics affect perceived pain 
during jogging following a lateral ankle 
sprain.

Materials and Methods
This study consisted of two parts: 1) 

assessment of standing balance with the 
digital balance evaluator in a group of 15 
subjects (6 males, 9 females, 22.0±2.3 yr) 
who had no history of ankle sprains, and in 
a group of nine subjects (5 males, 6 fe 
males, 17.0±3.4 yr) who had acute ankle 
sprains; and 2) subjective assessment of 
pain experienced while jogging by 10 in 
jured subjects (7 males, 3 females, 17.0±3.1

yr) who had acute ankle sprains. For this 
study, "acute" was defined as an ankle 
sprain that had occurred within six weeks 
of testing. All patients with inversion ankle 
sprains, who received physical therapy at 
Morgantown Physical Therapy Associates 
between June 19 and August 13, 1987 or 
between April 18 and June 30,1988, were 
asked to participate in the study. Those 
who gave their consent were tested. The 
uninjured group consisted of volunteers 
from Morgantown Physical Therapy As 
sociates and the surrounding community 
who had no history of an ankle sprain. All 
subjects were full weight-bearing at the 
time of testing. The subjects in this portion 
of the study were not the same as the 
injured subjects who were evaluated on the 
digital balance evaluator, because the test 
ing was not conducted during the same 
time period.

The digital balance evaluator is asingle 
axis board that allows inversion and ever- 
sion of the foot (Fig 1). The board makes 
electrical contact at 4°, which defines a 
loss of balance. The amount of time that 
the loss of balance is maintained is re 
corded in seconds and is referred to as time 
out of balance. These two readings accu 
mulate for a 30-second trial period. Time 
out of balance was analyzed in an effort to 
measure balance ability. The digital bal 
ance evaluator provides reliable measures 
of the number of touches and time out of 
balance (6,15).

Molded orthotics were made from l /s- 
inch solid Aquaplast™, which is a semi 
rigid material. The Aquaplast was molded 
to the neutral subtalar joint position while 
the subject lay prone on an examining 
table. The examiner palpated the 
talonavicular joint for congruency and 
loaded the fifth ray. The neutral position 
for the subtalar joint is defined as the
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Since Dr. James Naismith created basketball 100 years ago at the YMCA training school, our goal has been to help kids 
develop self-esteem and strong moral values. Because we believe that's what they need to take their best shot at life.

YMCA



Fig 1 —The digital balance evaluator is a single axis device that assesses time out of balance and 
the number of times that balance is lost.

position of the foot during which the 
talonavicular joint is congruent and the 
forefoot is fully pronated against the 
rearfoot(l).

The Aquaplast then was ground 
smoothly to the length of the metatarsal 
heads, and extrinsic forefoot posting was 
added to those individuals who, upon ex 
amination, were found to have a forefoot 
varus deformity. Rearfoot varus was cor 
rected by grinding the orthotic more later 
ally than medially. The Aquaplast then 
was covered with Vs-inch Plastazoate® to 
form a full-length orthotic. No forefoot or 
rearfoot valgus deformities were found in 
any subjects.

Unmolded orthotics consisted of a V»- 
inch Plastazoate full-length orthotic. The 
orthotic was cut to the length of the 
individual's foot and then was inserted in 
his or her shoe without heating or molding.

All subjects performed under three 
separate conditions: 1) wearing a molded 
orthotic, 2) wearing an unmolded orthotic, 
and 3) wearing no orthotic in their shoes. 
Six treatment orders were established with 
two 3x3 Balanced Latin Squares. Subjects 
were assigned randomly to one of the treat 
ment orders.

During the first phase, injured (n=19) 
and uninjured (n=15) subjects were tested 
on the digital balance evaluator. In order to 
become acquainted with the digital bal 
ance evaluator, the subjects practiced for 
three minutes. If the practice session caused 
any discomfort to the subjects who had 
ankle sprains, the testing was discontinued 
until it could be performed without pain. 
Subjects who were pain-free completed 
three 30-second trials, one under each of 
the treatment conditions, resting one to two 
minutes between trials.

The treated foot was placed on the 
board in the same position for each subject

and trial. Subjects were instructed to fix 
their eyes on a designated distant object, 
because eye tracking has been shown to 
have a negative effect on balance (13). 
Subjects were instructed to cross their arms 
over their chest and not allow their oppo 
site foot to touch the board or the floor (Fig 
2).

In the second phase of the study, 10 
injured subjects were asked to jog 20 yards 
without an orthotic, 20 yards with an 
unmolded orthotic, and 20 yards with a 
molded orthotic. After jogging, the sub 
jects were asked to assess their perceived 
pain level in the injured ankle during gait, 
as follows: grade four for severe pain, 
grade three for significant pain, grade two 
for moderate pain, grade one for minor 
pain, and grade zero for no pain.

Data Analysis
An analysis of variance (ANOVA) 

with repeated measures on one factor (treat 
ment condition) was conducted on the digi 
tal balance evaluator data. Follow-up analy 
sis was performed in three steps. First, the 
digital balance evaluator data for time out 
of balance of the injured and uninjured 
subjects without orthotic devices was com 
pared using a one factor ANOVA. Re 
peated measures ANOVAs were conducted 
separately on the digital balance evaluator 
data collected from the injured subjects for 
the molded orthotic, unmolded orthotic, 
and no orthotic conditions. Then, a re 
peated measures ANOVA was conducted 
on the reported pain during running data 
for each of the trials. Planned comparisons 
were performed with repeated measures 
ANOVAs to identify sources of variance. 
A Bonferroni correction was used to main 
tain a p=.05 alpha level for the balance and 
pain data from injured subjects. Finally, 
the digital balance evaluator data of the

Fig 2.—Subjects were instructed to stand with 
their arms crossed in front of the chest and to 
focus on a designated distant object.

uninjured group without orthotics was com 
pared to that of the injured subjects with 
molded orthotics.

Results
The mixed model ANOVA revealed a 

significant main effect for the treatment 
condition (F(2,48)=4.75, p=.013) and a 
group by treatment condition interaction 
that approached significance (F(2,48)= 
2.56, p=.088). Because the descriptive 
data suggests that the significant main ef 
fect was primarily the result of the use of 
orthotics with ankle-injured subjects and 
that the interaction approached signifi 
cance, follow-up tests were conducted. 
Injured subjects were out of balance more 
than uninjured subjects (F(l,24)=4.95, 
p=.036). (See the Table for time out of 
balance means and SDs for injured and 
uninjured subjects.) For injured subjects, a 
difference between the three treatments on 
the digital balance evaluator was found 
(F(2,20)=5.03, p=.026).

Planned comparisons identified sig 
nificant differences between trials with 
molded orthotics and no orthotics 
(F(l,10)=3.68,p<.01), but no significant 
differences between unmolded orthotics 
and molded orthotics (F(l,10)=1.03, 
p>.335) or between no orthotics and 
unmolded orthotics (F(l,10)=3.75,p=.082). 
No significant differences (F(2,28)=.42, 
p=.661) in digital balance evaluator scores 
were found among uninjured subjects us 
ing no orthotic, unmolded orthotics, and
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Time Out of Balance Values of Uninjured and 
Injured Subjects in Seconds ( x ± SD )

Injured 
Uninjured

No Orthotic

7.5±5.2 
4.0±2.8

Unmolded 
Orthotic

5.9±4.7 
4.0±3.6

Molded 
Orthotic

4.7±4.9 
3.5±3.5

molded orthotics. The repeated measures 
ANOVA on the reported pain during jog 
ging under the three conditions revealed a 
significant difference between trials 
(F(2,18)=13.87, p<.01), molded orthotic= 
.9±.9, unmolded orthotic=1.7±.8, no 
orthotic= 1.8±.6). Planned comparisons re 
vealed that subjects reported significantly 
less pain (p<.01) when wearing a molded 
Orthotic while jogging than when wearing 
the unmolded Orthotic or no Orthotic. No 
differences were found between those sub 
jects using the unmolded Orthotic and those 
not using an Orthotic device. Finally, the 
digital balance evaluator data from the 
uninjured subjects who didnot use orthotics 
was compared to the molded orthotics trial 
for the injured group. The difference be 
tween those trials was not significant 
(F(l,24)=.23,p>.05).

Discussion
Subjects with ankle sprains had sig 

nificantly higher time out of balance scores. 
This concurs with Freeman's findings of a 
decrease in proprioception following an 
ankle sprain (2,3,4). The molded Orthotic 
did have a significant effect on improving 
time out of balance scores after an ankle 
sprain. If the molded Orthotic had been 
effective in both the uninjured and injured 
groups, one could speculate that the molded 
Orthotic was effective in improving digital 
balance evaluator scores solely as a result 
of increased structural support (medially 
and laterally), thus preventing or retarding 
inversion and eversion. Because the 
orthotic did not affect time out of balance 
scores in the uninjured group, it is unlikely 
that structural support is the reason for 
effectiveness in the injured group. In fact, 
the descriptive data and the final statistical 
comparison between uninjured subjects 
without orthotics and injured subjects wear 
ing molded orthotics suggests that molded 
orthotics restore much of the balance per 
formance deficit created by the ankle in 
jury.

The most common ankle injury is an 
inversion ankle sprain that usually occurs

in plantarflexion (5,7). The anterior 
talofibular ligament is the most commonly 
sprained ligament associated with an in 
version injury. The anterior talofibular 
ligament spans the lateral malleolus and 
the neck of the talus, and functions to limit 
anterior drawer of the talus and to limit 
adduction (internal rotation) of the talus 
(10). Closed chain pronati on of the subtalar 
joint involves plantar flexion/adduction of 
the talus (11). Excessive pronation may 
result in undue stress to the injured anterior 
talofibular ligament. Thus, control of the 
subtalar joint may decrease ligamentous 
stress, resulting in decreased pain and im 
proved function.

Joint mechanoreceptors located in the 
joint capsule and ligaments contribute to 
joint kinesthetic and proprioceptive feed 
back and postural movements (8,16). Al 
though there are four types of joint mecha 
noreceptors (16), distinctions between the 
different types of mechanoreceptors are 
not addressed in this study. These mecha 
noreceptors usually are damaged with liga 
mentous injury, which results in a decrease 
inkinesthetic/proprioceptivefeedback and 
functional instability (2,3,4).

Maintaining the foot in a more neutral 
position may decrease the stress on the 
injured ligament(s) and enhance the func 
tion of the injured joint.

No distinction was made betweenfoot 
types in this study. Individual biomechani- 
cal and foot structure differences may af 
fect the response to neutral orthotics post 
ankle sprain. The excessively pronated 
foot may benefit from greater support and 
control than the excessively supinatedfoot.

Within the limits of this study, our 
results suggest that neutral orthotics can 
play arole in the treatment of ankle sprains. 
Although the mechanism has not been fully 
identified, orthotics improve balance skills 
and decrease pain. Improved joint congru- 
ency and decreased stress to the soft and/or 
bony structures provide a plausible expla 
nation and suggest that the orthotics may 
promote healing and speed return to activ 
ity. More investigation is warranted in

order to fully understand the function of the 
subtalar joint in ankle sprains.
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TIP FROM THE FIELD

Taping for Excessive Pronation: 
Reverse 8-Stirrup

Crayton L Moss, EdD, ATC

T he reverse 8-stirrup taping technique 
originally was designed for the care 

and prevention of eversion ankle sprains 
(4). Recent investigations have shown 
that this taping technique significantly 
decreases the amount of maximum pro- 
nation and the degrees of total rearfoot 
movement when compared to using no 
support in the training shoe (5). Also, 
there was no significant difference be 
tween a prescribed semi-rigid orthotic 
and the reverse 8-stirrup for the treatment 
of excessive pronation (5). Our data indi 
cate that the reverse 8-stirrup is a possible 
treatment for excessive pronation in run 
ners (5). Clinical observation indicates 
that athletes with excessive pronation can 
participate pain-free when using this tap 
ing technique. Therefore, the following 
detailed procedure is presented as an ac 
ceptable technique for treating the vari 
ous symptoms associated with excessive 
pronation.

Materials
1. 16cm wooden block
2. Goniometer
3. IVi-inch adhesive tape
4. Heel and lace pads
5. Pre-taping underwrap (optional)
6. Tape adherent

Pronation Evaluation
Have the athlete stand with both feet 

along each side of a 16cm wide wooden 
block (2). Remove the block and observe

Crayton Moss is assistant professor 
with the School of Health, Physical Edu 
cation, and Recreation at Bowling Green 
State University, Bowling Green, OH.

the athlete from the rear (Fig 1). Instruct 
the athlete to supinate both of his or her 
feet until the Achilles' tendons appear to 
be in straight lines from the gastrocne- 
mius to calcaneus. Then, mark with a 
magic marker (Fig 2). Have the athlete 
relax his or her arches and observe the 
angle of the Achilles' tendons deviations 
(Fig 3). Using a straight edge, connect the 
dots and measure the angles with a goni 
ometer (Fig 4). The severity of excessive

pronation can be graded as mild (4° to 6°), 
moderate (6° to 10°), or severe (10° to 
12°) (3). If excessive pronation is ob 
served, whatever the severity, the reverse 
8-stirrup is recommended.

Athlete's Position
During the taping procedure, the ath 

lete sits on a table with the leg extended 
and the foot at a 90° angle, with the 
subtalar joint in a neutral position as

Fig 1 .—Stance from the rear with feet posi 
tioned 16cm apart

Fig 3.—Observed deviation of Achilles' tendon 
markings in a relaxed position

Fig 2—Achilles' tendon markings in a straight 
line from gastrocnemius to calcaneus

Fig 4.—Degrees measurement of Achilles' ten 
don deviation angle
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described by Vogelbach and Combs (6).

"Grasp the fourth and fifth 
metatarsal heads while the in 
dex finger and thumb palpate 
the talus. The talus is best pal 
pated by placing the thumb just 
anterior and inferior to the me 
dial malleolus at the talonavicular 
joint, and the index finger just in 
front of the anterior aspect of the 
fibula (Fig 5). By inverting and 
everting the rearfoot, the exam 
iner will find a position in which 
either the talus is felt equally on 
both sides or is not felt at all. 
This is considered the neutral 
position."

Throughout the folio wing procedures, 
do not place the ankle in an inversion 
position when the tape is applied. Keep 
the foot in a 90° dorsiflexion and subtalar 
neutral position, or the reverse 8-stirrup 
technique will not be effective.

Taping Procedure
1. It is recommended that the athlete 

have a clean-shaven ankle and lower 
leg. First, apply tape adherent, heel 
and lace pads, and pretaping 
underwrap (optional). Next, apply an 
anchor strip at the musculotendinous 
junction of the gastrocnemius (Fig 
6).

2. Apply a stirrup. Start on the top lat 
eral aspect of the anchor strip and run 
it under the foot parallel to the Achil 
les' tendon, bisecting both the lateral 
and medial malleoli. Attach it to the 
anchor strip (Fig 7).

3. The first reverse 8-stirrup begins with 
ahorizontal strip. Start directly above 
the lateral malleolus, pull the tape 
around the back of the ankle above 
the medial malleolus, continue under 
the foot, come up on the medial side 
of the ankle, and overlap the stirrup 
strip (Fig 8, Fig 9). Notice that the 
tape forms a partial figure 8, then 
continues into a medial stirrup.

Note: Do not force the foot into in 
version, but maintain a neutral posi 
tion throughout the taping technique. 
The most common error in using the 
reverse 8-stirrup is to allow the me 
dial stirrup portion to position the

Fig 5—The talar method of finding the neutral 
position of the subtalar joint

Fig 8.—The first reverse 8-stirrup begins with a 
horizontal strip above the lateral malleolus.

Fig 6.—Anchor strip

Fig 7—Traditional stirrup for eversion ankle 
sprains

subtalar joint into a supinated rather 
than a neutral position.

4. Overlapping at least one-half, apply 
a second reverse 8-stirrup following 
the same procedure as Step 3. Two to 
four reverse 8-stirrups may be used, 
according to ankle/foot size. The third 
and/or fourth reverse 8-stirrup must 
be applied directly over the navicular 
bone (Fig 10, Fig 11).

Note: Some individuals prefer 2" elas 
tic tape rather than 1 W adhesive white 
tape. When elastic tape is used, the 
medial stirrup portion of the reverse

Fig 9—The first reverse 8-stirrup continues 
from a partial figure 8 into a medial stirrup.

8-stirrup should be stretched to its 
optimal length before it is anchored.

5. Next, apply anchor strips. Start from 
the bottom and work upward. The 
last strip should cover all of the ends 
of the tape (Fig 12).

6. A heel lock gives the final support, as 
described by Arnheim (1). Apply the 
lateral heel lock by starting high on 
the instep. Bring the tape along the 
ankle at a slight angle, hooking the 
heel, leading under the arch, coming 
up on the opposite side, and finishing 
at the starting point. Apply the

86 Volume 27 • Number 1 • 1992 • Journal of Athletic Training



medial heel lock in a similar manner 
to the lateral heel lock, except on the 
opposite side of the ankle (Fig 13, 
Fig 14).

Fig 10.—The second reverse 8-stirrup over 
laps at least one-half of the preceding reverse 
8-stirrup.

Fig 13—Lateral heel lock

Fig 11 .—The second reverse 8-stirrup is contin 
ued. Two to four reverse 8-stirrups may be used 
to insure that the final reverse 8-stirrup runs 
directly over the navicular.

Fig 14—Medial heel lock

Reverse 8-Stirrup Evaluation
After completing the reverse 8-stir 

rup taping technique, re-ev aluate the amount 
of pronation using the 16cm wooden block 
as described earlier. Measure the amount 
of pronation and retape if excessive pro- 
nation persists (Fig 15).
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TIP FROM THE FIELD

Upper Extremity Semi-Rigid Support
Kyle L Parley, MA, ATC 

Jean Blagbrough Sublette, OTR, CHT

S plinting of upper extremity injuries 
presents a challenge for the athletic 

trainer and occupational therapist (1,2,3). 
Proper protection of stable injuries must 
be achieved without limiting an athlete's 
participation. Because of restrictions 
against using hard and non-yielding ma 
terials distal to the elbow, few materials 
are currently available to athletic trainers 
and occupational therapists. RTV-1 1 (Gen 
eral Electric Silicone) has been an accept 
able material for splinting, but the fabri 
cation process is time-consuming and re 
quires one to three hours for curing. 
Scotchrap (3M) semi-rigid casting mate 
rial reinforced with moleskin provides a 
time- and cost-effective alternative to other 
available materials.

We used these materials to construct 
a semi-rigid support for a high school 
football player who suffered multiple lac 
erations to the volar aspect of his left 
wrist, fingers, and thumb when his fore 
arm was forced through a glass door. 
Following three surgeries to repair nu 
merous structures and extensive therapy, 
he was released to play football provided 
that he avoided wrist and finger hyperex- 
tension. The support that we developed 
(Fig 1) enabled him to avoid hyperexten- 
sion while playing football.

Materials
The following materials were used: 

1. Two rolls of 3M Scotchrap 2" semi 
rigid support wrap (casting material)

Kyle Parley is director of the sports 
medicine division of Pinnacle Rehabilita 
tion of Missouri in North Kansas City, 
MO.

Jean Sublette is director of occupa 
tional therapy at Pinnacle Rehabilitation 
of Missouri.

Fig 1 .—Materials necessary to construct a semi 
rigid support

2. Three-inch stockinette—fifteen inches 
long

3. Four l"x 10" strips of adhesivemole- 
skin

4. Latex gloves
5. Cast saw and/or scissors
6. Warm water
7. Two-inch elastic wrap and/or Elasticon

Procedure
1. Place the patient's forearm, wrist, 

and fingers in appropriate position 
(wrist 30° flexion; metacarpals 50° 
flexion).

2. Cover all surfaces with a stockinette 
(Fig 2).

3. Wearing gloves, place the casting 
material in warm water, then squeeze 
out any excess water.

4. Apply the first roll of 3M Scotchrap, 
beginning at the hand (incorporate 
thumb, if desired) and maintaining 
the proper position (Fig 3). 
* Allow the Scotchrap to begin set 

ting-up (three to five minutes).
5. Place two strips of moleskin length 

wise along the dorsal (Fig 4) and 
volar (Fig 5) aspects of the wrist and 
forearm.

6. Repeat steps four and five with a 
second roll of 3MScotchwrap. Allow

Fig 2.—The area to be protected must be cov 
ered with a stockinette.

Fig 3—Semi-rigid casting material is applied 
over the stockinette and given time to set-up.
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eight to ten minutes to set (Fig 6).
7. Cut a uni-valve along the ulnar bor 

der using a cast saw and/or scissors 
(Fig 7).

8. Use elastic wrap and/or Elastic on to 
hold the material in place (Fig 8).

References
1. Cannon NM. Manual of Hand Splinting. New 

York: Churchill Livingstone; 1985: 93.
2. DePalmaB, Bionde C, Zelco PR. Silicone glue and 

seal: an acceptable alternative to protective finger 
splinting in competitive athletes. Athletic Train 
ing, JNATA. 1981; 11:98.

3. Van Strien G. Post operative management of flexor 
tendon injuries. In: Hunter J, Mackin E, eds. Reha 
bilitation of the Hand. 3rd ed. St. Louis: CV Mosby 
Co.; 1990: 390-409.

Fig 4.—Moleskin is placed on the dorsal surface 
for reinforcement.

Fig 5—Moleskin is placed on the volar surface 
for reinforcement.

Fig 6—A second roll of semi-rigid casting ma 
terial is applied and given time to set-up.

Fig 7—Use a cast saw to cut the semi-rigid 
support along the ulnar border.

Fig 8—An elastic wrap is applied to maintain 
the position of the semi-rigid support.
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Abstracts
Glint Thompson, MS, ATC

Dugas R, D'Ambrosia R. Causes and 
treatment of common overuse injuries 
inrunners.JMusculoskeletal Medicine. 
1991; 8(3):107-116.

In the first part of a two-part article, 
Dugas and D'Ambrosia discuss three com 
mon problems of the knee that occur as a 
result of overuse—anterior knee pain, 
iliotibial tract syndrome, and popliteus 
tendinitis. The authors discuss the two 
primary causes of these problems and 
suggest that a careful analysis be made of 
the athlete's mechanics and training pro 
gram as part of the total evaluation.

Running biomechanics is discussed, 
emphasizing the relationship of the foot 
and the knee, and the subsequent weight- 
bearing forces involved. A complete his 
tory, as well as observation of the patient's 
walking and running gait, is critical for 
the successful examination. Conservative 
measures including the use of orthotics, 
stretching, vigorous quadriceps exercise, 
and nonsteroidal antiinflammatory drugs 
(NSAIDs) were suggested for anterior 
patellofemoral pain. Very few patients 
are candidates for surgery, even after con 
servative management.

Treatment for iliotibial tract friction 
syndrome is directed at decreasing the 
inflammation and stretching the tract. This 
treatment includes six to eight weeks of 
rest, dexamethasone injections, and ice or 
heat. Popliteus tendinitis is indicated by 
lateral knee pain aggravated by weight 
bearing and downhill running. A de 
crease in mileage and the avoidance of 
downhill running , along with oral NS AIDs 
and ice for two weeks are recommended. 
If symptoms persist, a tear of the lateral 
meniscus should be considered.

Gary Ball
Kean College of New Jersey 

Union, NJ

who are between ages 30 to 50 are back 
injuries. These injuries include erector 
spine strain (the most frequent injury), 
herniated lumbar disc, spondylolisthesis, 
and degenerative arthritis. Differential 
diagnoses include thigh strain, bursitis, 
stress fracture, and avulsion injury. A 
conservative approach with the cessation 
of running for various periods is recom 
mended pending a reduction in symp 
toms. An MRI and a CT scan are sug 
gested if symptoms persist.

Injuries to the lower leg include exer 
tion-induced compartment syndrome, shin 
splints or medial tibial stress syndrome, 
and tibialandfibular stress fractures. These 
injuries can be caused by increasing run 
ning miles too quickly. Therefore, a re 
duction in mileage is a primary treatment 
for these injuries.

The most common ankle and foot 
injuries seen in runners include Achilles' 
tendon injury, posterior tibialis and pero- 
neal tendinitis, plantar fasciitis, and meta- 
tarsal stress fractures. Orthotic devices 
are suggested as a primary solution to 
these injuries provided that the etiology is 
biomechanical in nature. The authors 
advise against the use of steroid injec 
tions for tendinitis because of the possi 
bility of rupture. With injuries to the 
lower leg, cross training is suggested in 
order to maintain the fitness level of the 
athlete, assuming that the athlete is 
asymptomatic when engaging in the ac 
tivity.

Gary Ball
Kean College of New Jersey 

Union, NJ

Dugas R, D'Ambrosia R. Causes and 
treatment of common overuse injuries 
in runners. JMusculoskeletalMed. 1991;
8(5):57-70.

In the second part of this two-part 
article, overuse injuries to the back, hip, 
leg, and foot are addressed. Approxi 
mately 30% of the injuries seen in runners

Wilkerson GB. Comparative biome 
chanical effects of the standard method 
of ankle taping and a taping method 
designed to enhance subtalar stability. 
Am J Sports Med. 1991; 19:588-595.

Despite numerous scientific investi 
gations, the effectiveness of ankle taping 
has not been clearly established or re 
futed, and the subject remains highly con 
troversial. Restriction of forced passive 
ankle motion provided by the standard 
method of ankle taping was compared 
with that provided by a modified version

of the standard method, which incorpo 
rates the subtalar sling. The subjects for 
this study were 30 NCAA Division III 
college football players who were ran 
domly selected from a group of 60 volun 
teers. Both ankles of each subject were 
involved in the study in order to provide 
30 matched pairs of observations. Adhe 
sive tape was applied to each subject's 
ankles for one practice session (two to 
three hours). One ankle was taped using 
the standard method of tape application 
and the other was taped using the modi 
fied method. All taping was done by the 
investigator in order to ensure that the 
taping was consistent for all subjects. 
The instrument used to induce and quan 
tify ankle motion consists of a footplate 
that rotates around two perpendicular 
horizontal axes, both of which incorpo 
rate a goniometer. The data were ana 
lyzed by a 2x4x2 multivariate analysis of 
variance (MANOVA). The results indi 
cated that a significant difference exists 
in the amount of ankle motion permitted 
by the two taping methods and in the 
maximal range of the four ankle motions. 
There is a significant differential effect of 
the two taping methods on the four ankle 
motions.

To further examine the differential 
effect of the two taping methods, a sepa 
rate 2x3 repeated measures ANOVA was 
performed for each ankle motion. Then, 
the Neuman-Keuls method of multiple 
comparisons was used to determine which 
cell means were significantly different. 
The modified taping method provided sig 
nificantly more initial restriction and re 
sidual restriction to both supination and 
inversion than that provided by the stan 
dard taping method. The findings of this 
study suggest that incorporation of the 
subtalar sling significantly enhances pro 
tection against an inversion sprain, but at 
the expense of a slightly greater restric 
tion of plantar flexion.

Mike Sullivan
The Center for Hip and Knee Surgery 

Mooresville, IN
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Guillen-Garcia P. Arthroscopic laser 
surgery in treating the knee injuries of 
leading professional athletes. Am J 
Arthroscopy. 1991; 9:15-18.

Arthroscopic surgery with a 
TwoPointOne Holmium Laser Prototype 
from Coherent was performed on the knees 
(57) of professional athletes in Spain. 
Fifty had meniscal pathology, two had 
synovitis, three had chondropathic lesions, 
and two had anterior cruciate ligament 
(ACL) lesions. Both persons with synovitis 
showed excellent recovery. In the three 
chondropathic knees, smoothing of the 
cartilage was easily achieved, and the 
base of the cartilage was left extremely 
firm. All 50 menisci evolved without 
hemarthrosis, except one case of an old 
peripheral disinsertion that required two 
hemarthrotic evacuations.

For the 57 knees, the use of portals or 
access routes did not lead to complica 
tions, primarily because the laser system 
requires very small openings. The mean 
period of time required before the athletes 
could return to practice was three to four 
weeks, and one of the patients was able to 
play soccer 13 days after a partial medial 
meniscectomy. The mean hospital stay 
was ten to 12 hours, and all of the patients 
were able to walk out of the hospital. 
Each patient was seen on the third day 
following the surgery and started running 
on the eighth day.

No infection, thrombosis, or any other 
complication such as internal or external 
burns or cartilage necrosis inherent to 
laser use was observed. A disadvantage 
of the laser prototype was that activation 
of the system was controlled with a foot 
switch and not with a handpiece. All 
cases were treated by the same surgical 
team, thus the technique was standard 
ized. The Holmium Laser System repre 
sents amajor breakthrough in arthroscopic 
knee surgery. Its use helps to obtain better 
results than arthroscopic surgery with 
mechanical instrumentation, becausefewer 
complications may occur and a bevelled

pattern is obtained with meniscal trim 
ming.

Mike Sullivan
The Center for Hip and Knee Surgery 

Mooresville, IN

Bennett JT, Urmson L, Binder A J, Bru- 
net ME, Thomas KA. Survey of health 
care available to child athletes. Orthop 
Rev. 1991; 20:983-988.

Mostmusculoskeletal injuries of chil 
dren and adolescents are the result of 
sports andrecreational activities, butsports 
medicine education about youth injuries 
is practically nonexistent.

In order to determine the nature and 
extent of treatment delivered to the young 
athlete, a questionnaire was developed 
for use in determining the availability and 
characteristics of sports medicine clinics 
that have been designed for the preven 
tion, diagnosis, and treatment of injuries 
of thechildathlete. Forthissurvey achild 
athlete was defined as one between ages 
four and 12. Centers that had a sports 
medicine clinic for children were sent the 
questionnaire in order to determine basis 
for formation, the length of operation, 
number of visits (categorized by age and 
by complaint), number and type of staff, 
population base, clinic schedule, types of 
services, referral sources, and profitabil 
ity. Information about the number and 
nature of sports medicine clinics and their 
methods of health care delivery to child 
athletes was determined.

Mike Sullivan
The Center for Hip and Knee Surgery 

Mooresville, IN

Clay NR, Bias JJ, Costiga PS, Gregg 
PF, Barton NC. Need the thumb be 
immobilized in scaphoid fractures? / 
Bone Joint Surg Am. 1991; 73:828-832.

Fractures of the waist of the scaphoid 
are common and are of considerable so 
cial and economic significance. Differ 
ent authors have recommended the use of 
above elbow or below elbow plaster casts 
in a variety of different configurations in 
relation to the forearm, wrist, thumb, and 
fingers. In view of the lack of evidence 
for the need to enclose the thumb, a ran 
domized trial was used to compare the 
scaphoid cast with a forearm gauntlet 
(Colles) cast for the treatment of fresh 
fractures of the scaphoid. Either a Colles 
cast or a scaphoid cast with the thumb 
enclosed to the interphalangeal joint was 
applied to 392 patients. In both cases the 
wrist was held in 30° of dorsiflexion. In 
the scaphoid casts, the thumb was posi 
tioned to allow pinch grip.

Patients who were involved in this 
study were reviewed at two weeks and at 
four weeks to check the integrity of their 
casts and to assess any functional prob 
lems. After eight weeks, their casts were 
removed and their progress was assessed 
clinically and radiologically. Of the 392 
patients, 292 (mean age of 29.7 yr) were 
monitored for six months. At final re 
view, six months after injury, a radio- 
graphic examination was repeated. The 
mean total time in the plaster cast for the 
scaphoid and the Colles cast was 9.6 and 
9.0 weeks, respectively. The outcomes in 
terms of nonunion were similar for the 
two types of treatment. Both types of 
casts were equally well tolerated, and 
rehabilitation did not appear to be ad 
versely affected by immobilization of the 
thumb. However, the scaphoid cast was 
more inconvenient for the patient and had 
the further disadvantage of being more 
costly to apply in terms of time and mate 
rial. For fresh, nondisplaced fractures of 
the waist of the scaphoid, the simpler 
Colles plaster cast appears to be effec 
tive, convenient, and less costly.

Mike Sullivan
The Center for Hip and Knee Surgery 

Mooresville, IN
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New Products
Barrie Steele, MS, ATC

If You Need to Ice It, You Need CONTOUR PAK
Alice M. Mayn, inventor 

and co-owner of CONTOUR 
PAK, announces that her cold 
compress therapy is available 
for national distribution. CON 
TOUR PAK is a lightweight, 
convenient, and comfortable 
ice pack, which was invented 
by Mayn for a friend who had 
undergone breast surgery. 
There was no single ice therapy 
product available that con 
formed to the shape of the breast 
or other difficult-to-ice areas. 
CONTOUR PAK is an ideal 
cold compress therapy for the 
treatment of post surgical 
trauma, sprains, swelling, and sports-re 
lated injuries.

CONTOUR PAK is a reusable ice

pack that is manufactured in one size and 
fits adults as well as children. It is unique, 
because it is a single product that con

forms to the different parts of 
the body making it unneces 
sary to have one ice pack for 
the knee, another one for the 
shoulder, and another one for 
the ankle. CONTOUR PAK 
fits them all.

CONTOUR PAK is cov 
ered in a soft fabric that is com 
fortable against the skin (elimi 
nating the need to wrap the 
pack in a towel), guards against 
freeze burn, and is Velcro-com- 
patible, allowing the pack to be 
strapped in place, if necessary, 
with the accompanying elas- 
tic/Velcro strap.

Formore information on CONTOUR 
PAK, call (303) 926-2470.

Latex Stretch Cord System Introduced
PHYSIO TONER is a

moderately-priced latex 
stretch cord system for 
shoulder, back, knee, and 
ankle rehabilitation pro 
grams. It has been intro 
duced to help bridge the 
gap between low cost, dis 
posable bands and higher- 
priced latex equipment.

In clinical and home 
applications, PHYSIO 
TONER has been tested 
by athletes and physical 
therapists. It has proven to 
be user friendly, safe, cost 
effective, and extremely 
durable. PHYSIO TONER is made of 
100% soft rubber, which benefits the user 
because it significantly reduces the risk 
of serious injury from accidental impact.

PHYSIO TONER's three resistance

levels are designedf or shoulder, hip, knee, 
and ankle rehabilitation programs. Foam 
handles increase the user's comfort while 
they protect the cord from nicks and tears 
that may reduce the life span of other

latex cords. Each PHYSIO 
TONER kit comes with an 
easy to follow laminated 
exercise chart and a door 
hook for increased versatil 
ity. A Shoulder Rehabilita 
tion Kit also is available for 
complete home range of 
motion and strengthening 
programs.

PHYSIO TONER al 
lows athletic trainers and 
physical therapists to pro 
vide their patients with an 
affordable, professional 
product that is easy to use 
and will last for years. 

For more information, contact Louis 
Stack, Fitter International, Inc., 4515 1st 
S.E. Calgary, Alberta T2G 2L2, (403) 
243-6830, Fax (402) 229-1230.
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POLAR Announces FAVOR Heart Rate Monitor and 
POLAR EDGE Models

Priced to increase market 
share by overcoming a major 
obstacle to purchase, POLAR 
USA, America's leading manu 
facturer and distributor of wire 
less heart rate monitors (HRM) 
for exercise enthusiasts, elite 
athletes, andcardio-rehab exer 
cisers, announces the February 
1992 introduction of a new in 
dustry price leader, the POLAR 
FAVOR HRM. Designed for 
health-oriented exercisers who 
want simplicity and ease of op 
eration combined with the high 
est degree of accuracy, the wa 
ter-resistant POLAR FAVOR will retail 
for $119.

The POLAR FAVOR appeals to the 
first-time owner of a heart rate monitor 
whose interest centers on the continuous 
tracking of heart rate in exerci se reg imens 
aimed at improving aerobic and cardio 
vascular fitness, weight loss, or athletic 
performance. Along with the electrocar 
diogram (ECG) accuracy of all POLAR 
models, the POLAR FAVOR features an 
instant-on control (no buttons to press) 
and a new style for the ultra-light trans 
mitter belt, and a sleek, flat, half-dollar

sized wristwatch-like receiver. To acti 
vate the monitor, the user brings the arm 
wearing the receiver to within two inches 
of the transmitter. In seconds, the heart 
rate appears on the monitor face in large, 
easy-to-read digital numbers.

Concurrently, POLAR is introduc 
ing the new, more advanced POLAR EDGE 
model, aimed at recreational athletes who 
require a variety of technical features. 
The water-resistant POLAR EDGE has 
an upper and lower "target zone" setting 
capability so that exercisers can work out

at the appropriate intensity, 
regardless of whether they are 
running, biking, swimming, or 
using indoor stationary equip 
ment. A beeper signals when 
the user strays above or below 
his target zone.

The POLAR EDGE also 
has a training-time feedback 
function that displays a bar 
graph of the time spent above 
the lower heart rate limit. The 
unit also operates as a watch 
and alarm, and it has elapsed- 
time stopwatch capability. The 
POLAREDGEretailsfor$189. 

The transmitters, electrodes, and bat 
teries of both the POLAR FAVOR and 
POLAR EDGE are totally enclosed within 
the chest strap, allowing improved elec 
trical conductivity and greater depend 
ability. The display modules rotate for 
right- and left-hand users, and detach from 
their wrist straps. An attachable bicycle 
mount is available also.

All POLAR heart rate monitors are 
wireless, ECG-accurate, and used by lead 
ing athletes, coaches, athletic trainers, 
physical therapists, sports physiologists, 
and physicians.

Your Library Could Be Providing the 
Journal of Athletic Training to Your Students.

The/owma/ of Athletic Train 
ing offers the largest single 
source of athletic training litera 
ture available. Ask your library 
to return this order form and 
$32.00 payment to:

Journal of Athletic Training
2952 Stemmons Freeway 

Dallas, TX 75247

for one year to the Journal of Athletic Training.
Enclosed is my check for $32.00 • Offer expires 1/1/93

Name_ 
Tide__ 
Address

Telephone.
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Book Review
Phil Callicutt, EdD, ATC

Getting Back On Your Feet
Sally R. Pryor, EMT
Chelsea Green Publishing Co.
POBox 130, Route 113
Post Mills, VT 05058-0130
1991
207 pages, Illustrated

A few months ago I received a tele 
phone call from Sally Pryor concerning a 
new text that she had just completed. The 
title itself piqued my interest as a book 
reviewer. As I began reading, I immedi 
ately realized that this was a unique and 
worthwhile addition to the ever-growing 
number of sports medicine books being 
published.

Getting Back On Your Feet is a 
handbook of recovery for the approxi 
mately two million Americans each year 
who have injuries or surgery involving 
knees, ankles, feet, hips, and legs. It is 
intended to help them: to learn to manage 
crutches or other mobility aids, to speed 
their recovery through approved exercise,

to increase their knowledge of fitness 
maintenance so that further injury is pre 
vented, and to return to the performance 
of everyday activities quickly.

A large proportion of Americans are 
actively involved in sports that may result 
in injury. The number of high-tech joint 
reconstructions and replacements increases 
every year and accidents, as always, are 
producing their share of injury and sur 
gery. More and more individuals are find 
ing themselves having to cope quickly 
and successfully with temporary walking 
impairment and are being thrust suddenly 
from an active and unrestricted lifestyle, 
into one where the most normal taken- 
for-granted activity becomes immensely 
difficult, time consuming, and psycho 
logically defeating. Only those who have 
experienced it can understand the shock 
of losing the freedom to move easily and 
to do whatever is desired.

This text is about regaining your 
mobility as quickly as possible, while 
adapting to the restrictions caused by an

injury and/or surgery. It provides essen 
tial information, word-to-the-wise recom 
mendations, subtle tips, categorical pre 
cautions, and explicit techniques from basic 
to advanced. The material has been re 
viewed and refined by people who have 
been injured and learned the best methods 
for recovery through trial and error.

All this worthwhile and valuable in 
formation is presented in 19 clear and 
concise chapters, including: Positive Im 
aging in Dealing with Injury, Recovery, 
and Rehabilitation; Taking Control of Your 
Recovery; Recovering with Crutches; Sit 
ting Down and Standing Up Made Easy; 
The Door Made Passable; and Resources. 
Each chapter is entirely self-contained so 
that the reader can refer to any section 
without reading in sequence.

This thorough and practical guide 
offers the kind of advice that athletic trainers, 
physical therapists, and physicians might 
not, but should, give to their patients.

Certificate and Plaque Order Form for 
NATA Certified Athletic Trainers

The Board of Certification is offering a graphically designed certificate printed in Old En 
glish Script with a gold embossed NATA logo and the seal of certification. Each certificate is 
professionally personalized with the athletic trainer's name, certification number, and date 
of certification. The certificate may be purchased as a 12" x 16" hardwood plaque protected 
by plexiglass, or ordered as the Certificate of Certification only.

Use a permanent street mailing address. No post 
office boxes please. Delivery will be by United 
Parcel Service (allow 4 to 6 weeks).Please indicate your choice:

_____ the plaque mounted certificate for $50 each 
_____ the Certificate of Certification for $20 each

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

NATA Board of Certification
2952 Stemmons Freeway

Dallas, TX 75247

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

ADDRESS

CITY

STATE ZIP

Certification Number, 

Certification Date __ 

Phone_____
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Authors' Guide
(Revised February 1992)
The Journal ofAthleticTraining welcomes the submission 
of manuscripts that are of interest to persons engaged in or 
concerned with the progress of the athletic training profes 
sion (athletic injury prevention, evaluation, management, 
and rehabilitation; administration of athletic training fa 
cilities and programs; and counseling and educating ath 
letes concerning health care). Manuscripts should conform 
to the following:

SUBMISSION POLICIES
1. Submit one original and three copies of the entire 

manuscript (including photographs, artwork, and 
tables) to the editor.

2. All manuscripts must be accompanied by a letter 
signed by each author, and must contain the statements 
below. By signing the letter, the authors) agrees to 
comply with all statements. Manuscripts that are not 
accompanied by such a letter will not be reviewed. 
"This manuscript contains original unpublished mate 
rial that has been submitted solely to the Journal of 
Athletic Training, is not under simultaneous review by 
any other publication, and will not be submitted else 
where until a decision has been made concerning its 
suitability for publication by the Journal of Athletic 
Training. In consideration of the NATA's taking ac 
tion in reviewing and editing my (our) submission, the 
author(s) undersigned hereby transfers, assigns, or 
otherwise conveys all copyright ownership to the 
NATA, in the event that such work is published by the 
NATA."

3. Materials taken from other sources, including text, 
illustrations, or tables, must be accompanied by a 
written statement giving the Journal of Athletic Train 
ing permission to reproduce the material. Photographs 
of individuals must be accompanied by a signed pho 
tograph release form. Accepted manuscripts become 
the property of the National Athletic Trainers' Asso 
ciation, Inc.

4. The Journal of Athletic Training uses a double blind 
review process. Authors should not be identified in 
any way except on the title page.

5. Manuscripts are edited to improve the effectiveness of 
communication between the author and the readers, 
and to aid the author in presenting work that is compat 
ible with the style policies found in the AMA Manual 
of Style, 8th ed. (Williams & Wilkins) 1989. The 
author agrees to accept any minor corrections of the 
manuscript made by the editors.

6. Published manuscripts and accompanying work can 
not be returned. Unused manuscripts will be returned 
when submitted with a stamped, self-addressed enve 
lope.

STYLE POLICIES
7. The active voice is preferred. Use the third person for 

describing what happened, *T* or "we" (if more than 
one author) for describing what you did, and "you" or 
the imperative for instruction.

8. Each page must be typewritten on one side of 8 Vi x 11 
inch plain paper, double spaced, with one-inch mar 
gins. Do not right justify pages.

9. Manuscripts should contain the following, organized 
in the order listed below, with each section beginning 
on a separate page:

a. Title page
b. Acknowledgements
c. Abstract and key words (first numbered page)
d. Text (body of manuscript)
e. References
f. Tables - each on a separate page
g. Legends to illustrations
h. Illustrations
10. Begin numbering the pages of your manuscript with 

the abstract page as # 1 ; then, consecutively number all 
successive pages.

11. Titles should be brief within descriptive limits (a 16- 
word maximum is recommended). The name of the 
disability treated should be included in the title if it is 
the relevantfactor, if the technique ortype of treatment 
used is the principle reason for the report, it should be 
in the title. Often both should appear.

12. The title page should include the names, titles, and 
affiliations of each author, and the name, address, 
phone number, and fax number of the author to whom 
correspondence is to be directed.

13. A comprehensive abstract of 75 to 200 words must 
accompany all manuscripts except tips from the field. 
Number this page one, type the complete title (but not 
the author's name(s)) on the top, skip two lines, and 
begin the abstract. It should be a single paragraph 
succinctly summarizing the major intent of the manu 
script, the major points of the body, and the author's 
summary and/or conclusions. It is unacceptable to 
state in the abstract words to the effect that "the 
significance of the information is discussed in the 
article." Also, do not confuse the abstract with the 
introduction.

14. List three to six key words or phrases that can be used 
in a subject index to refer to your paper. These should 
be on the same page as, and following, your abstract. 
For tips from the field, the key words should follow 
immediately after the title on the first numbered page.

15. Begin the text of the manuscript with an introductory 
paragraph or two in which the purpose or hypothesis 
of the article is clearly developed and stated. Tell why 
the study needed to be done or the article written, and 
culminate with a statement of the problem (or contro 
versy). Highlights of the most prominent works of 
others as related to your subject are often appropriate 
for the introduction, but a detailed review of the 
literature should be reserved for the discussion sec 
tion. In the one to two paragraph review of the litera 
ture, identify and develop the magnitude and signifi 
cance of the controversy, pointing out differences 
between others' results, conclusions, and/oropinions. 
The introduction is not the place for great detail; state 
the facts in brief specific statements and reference 
them. The detail belongs in the discussion. Also, an 
overview of the manuscript is part of the abstract, not 
the introduction.

16. The body ormain part of themanuscript varies accord 
ing to the type of article (examples follow); however, 
the body should include a discussion section in which 
the importance of the material presented is discussed 
and related to other pertinent literature. Liberal use of 
headings and subheadings, charts, graphs, and figures 
is recommended.

a. The body of an experimental report consists of a 
methodology section, a presentation of the results, and 
a discussion of the results. The methodology section 
should contain sufficient detail concerning the meth 
ods, procedures, and apparatus employed so that oth 
ers can reproduce the results. The results should be 
summarized using descriptive and inferential statis 
tics, and a few well-planned and carefully constructed 
illustrations.

b. The body of a literature review article should be 
organized into subsections in which related thoughts 
of others are presented, summarized, and referenced. 
Each subsection should have a heading and brief 
summary, possibly one sentence. Sections must be 
arranged so that they progressively focus on the prob 
lem or question posed in the introduction.

c. The body of a case study should include the following 
components: personal data (age, sex, race, marital 
status, and occupation when relevant - but not name), 
chief complaint, history of present complaint (includ 
ing symptoms), results of physical examination (ex 
ample: "Physical findings relevant to the rehabilita 
tion program were . . ."), medical history (surgery,

laboratory results, exam, etc.), diagnosis, treatment, 
and clinical course (rehabilitation until and after return 
to competition) criteria for return to competition, and 
deviation from the expected (what makes this case 
unique). NOTE: It is mandatory that the Journal of 
Athletic Training receive, with the manuscript, a re 
lease form signed by the individual being discussed in 
the case study. Case studies cannot be reviewed if the 
release is not included.

d. The body of a technique article should include both 
the how and why of the technique; a step-by-step 
explanation of how to perform the technique, supple 
mented by photographs or illustrations; and why the 
technique should be used. The discussion of why 
should review similar techniques, point out how the 
new technique differs, and explain the advantages and 
disadvantages of the technique in comparison to the 
other techniques.

e. A tip from the field is similar to a technique article but 
much shorter. The tip should be presented and its 
significance briefly discussed and related to other 
similar techniques.

17. The manuscript should not have a separate summary 
section - the abstract serves as a summary. It is appro 
priate, however, to tie the article together with a 
summary paragraph or list of conclusions at the end of 
the discussion section.

18. Citations in the text of the manuscript take the form of 
a number in parentheses, which indicates the number 
assigned to the citation. It is placed directly after the 
reference or the name of the author being cited. Ref 
erences should be used liberally. It is unethical to 
present others' ideas as your own. Also, use references 
so that readers who desire further information on the 
topic can benefit from your scholarship.

19. The Reference page(s) accompanying a manuscript 
should list authors numerically and in alphabetical 
order, and should be in the following form: a) articles: 
authors) (list all) with the family names then initials, 
title of article, journal title with abbreviations as per 
Index Medicus (underlined), volume, year, inclusive 
pages; b) books: authors), title of book (underlined), 
city and state of publication, publisher, year, inclusive 
pages of citation. Examples of references to a journal, 
book, and presentation at a meeting are shown below. 
See the AMA Manual of Style for others.

a. Knight K. Tips for scientific/medical writers. Athletic 
Training, JNATA. 1990; 25:47-50.

b. Day RA. How to Write and Publish a Scientific Paper. 
3rd ed. Phoenix: Oryx Press; 1988: 54-55.

c. Albohm M. Common injuries in women's volleyball. 
In: Scriber K, Burke EJ, eds. Relevant Topics in Ath 
letic Training. Ithaca NY: Monument Publications; 
1978:79-81.

d. Behnke R. Licensure for athletic trainers: problems 
and solutions. Presented at the 29th Annual Meeting 
and Clinical Symposium of theNational AthleticTrain- 
ers' Association; June 15, 1978; Las Vegas, NV.

20. Tables must be typed. Type legends to illustrations on 
a separate page.

21. Photographs should be glossy black and white prints. 
Do not: use paper clips, write on photos, or attach 
photos to sheets of paper. Carefully attach a write-on 
label to the back of each photograph so that the 
photograph is not damaged.

22. Graphs, charts, or figures should be of good quality 
and clearly presented on white paper with black ink in 
a form that will be legible if reduced for publication. 
All artwork to be reproduced should be submitted as 
camera-ready black and white line art. If it is to be 
reproduced in black plus a second (or more) color, 
submit it as black and white line art. Clearly mark each 
area of color, shading, or screening (a percent ortint of 
black or a color), on a separate photocopy. The author 
will pay all costs for color reproduction.
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