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Toward a More Scholarly Journal
David H. Perrin, Editor-in-Chief

This editorial will address my thoughts on the role of a scholarly journal for the profession of athletic training. 
I'll attempt to answer four questions: 1) What is a scholarly journal in sports medicine? 2) What could possibly 
be the value of a scholarly journal to a profession that is probably 90% clinical practitioners? 3) How do we 
transform JAT into a more scholarly journal? 4) What can you do to help with this transformation?

The key elements of a scholarly journal in sports medicine are that it is refereed, is peer reviewed, publishes 
first reports of original research, and serves as a communication forum for the sports medicine team. In addition 
to scholarly content, the journal should also be professional in appearance. A scholarly journal in sports 
medicine should ideally be included in leading medical indexes like Index Medicus.

A scholarly journal in sports medicine is important for everyone, including clinicians, educator/researchers, 
and students. For the clinician, the journal serves as a forum for communicating important case histories and new 
clinical techniques. The original research published in a scholarly journal also forms the basis for professional 
position statements. A professional position statement establishes standards for clinical practice that can also be 
used for educational and legal purposes. For example, the growing body of research on whether to remove an 
injured athlete's face mask or football helmet could serve as the basis for a position statement related to on-field 
management of the cervical spine-injured athlete. For the educator/researcher, a scholarly journal serves as an 
outlet for publication of findings related to athletic training basic science and clinical research. Of equal 
importance is publication of papers by educator/researchers related to instructional strategies, reviews of 
important literature, and surveys having relevance to a national audience. These publications help to move the 
profession forward by establishing a scientific body of knowledge. For the increasing number of athletic training 
educator/researchers earning doctoral degrees and pursuing faculty positions, the process of research and 
publication in a scholarly journal will be essential to survival in the higher education environment. For students, 
a professional journal serves as one of the first introductions to a profession. In this regard, a scholarly journal 
can project an important message that can be either favorable or unfavorable. For example, consider a student 
who conducts an Index Medicus literature search in the health sciences library for a class writing assignment. 
What is the message if the student finds articles from several other sports medicine and allied health care 
journals but fails to find any from JAT! And what is the message if the student builds his or her reference list 
for the paper with very few articles from JAT! A high-quality scholarly journal can help attract the top students 
to our profession.

Does this mean the Journal of Athletic Training is of no scholarly value to the sports medicine community 
because it is not listed by Index Medicus! Absolutely not. In fact, JAT already possesses many qualities 
characteristic of a good scholarly journal. And the aforementioned student could find hundreds of articles from 
the Journal of Athletic Training if he or she conducted a literature search in several other indexes, such as 
SPORT Discus and Focus on Sports Science & Medicine. Nevertheless, we can make several changes to become 
a better scholarly journal. Some of the changes can be immediate, and others will take time. The Associate 
Editors and I have already made some immediate changes. You will notice in this issue that the Authors' Guide 
has been modified to comply completely with the American Medical Association Manual of Style. You will find 
that the advertisements have been stacked at the beginning and end of the journal, leaving the flow of articles

Journal of Athletic Training 13



uninterrupted. If you review the Editorial Board listed on the masthead page, you will find a more international 

representation of athletic trainers, as well as other members of the sports medicine team, such as orthopaedic 

surgeons (including a pediatric orthopaedist), a family practitioner, and an exercise physiologist.

Other changes will take time. We need to improve the quality of the peer review process. We'll do this by 

conducting manuscript reviewer workshops for athletic trainers at our annual meeting, and we'll provide more 

timely feedback to reviewers. We will increase the pool of guest reviewers by adding other members of the 

medical and allied health care professions. We'll also look to generate more interest in JAT from the entire sports 

medicine team. We'll exhibit JAT at national sports medicine meetings to encourage others to consider JAT as 

an outlet for their writing and to increase the subscription base. As a profession, we also need to improve the 

quality of our writing and research. We will conduct writing workshops at the district meetings, and we will look 

to the Research and Education Foundation to increase their support of research in athletic training.

How can you help with the transformation to a more scholarly journal? If you hear an outstanding presentation 

at a meeting, encourage the speaker to submit a paper to JAT. If you know of relevant research being conducted 

in your area, urge the investigators to consider JAT as an outlet for their findings. If you are primarily a clinician, 

share your most interesting case studies through submission of papers to JAT. Enlist the participation of other 

members of your sports medicine team in this process, whether they be general practitioners, orthopaedic 

surgeons, or other medical specialists. Submit well-written and well-referenced clinical techniques articles that 

will move the profession forward with regard to clinical practice. If you are primarily an educator/researcher, 

work harder to develop your students into good writers. Emphasize the value of being an informed consumer 

of the literature and the importance of our scholarly journal in this regard. Share your research-based 

applications related to teaching methodology and instructional technology through submission to JAT. And 

finally, continue to submit the mentored basic science and clinical research of your students, but consider the 

submission of your own best work to JAT as well.
The transformation of JAT into a more scholarly journal is a process in which we can all participate. The 

payoff will be greater visibility and respect for our profession among all members of the sports medicine 

community.

Editor's note: In a somewhat different form, this editorial was delivered as the keynote address at the NATA 

Research & Education Foundation Inaugural Professional Educators' Conference, held January 31 to February 

2, 1997 in Dallas, TX.
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The Effects of High-Volt Pulsed Current 
Electrical Stimulation on Delayed-Onset 
Muscle Soreness
David Lynn Butterfield, MS, ATC; David O. Draper, EdD, ATC;
Mark D. Ricard, PhD; J. William Myrer, PhD; Earlene Durrant, EdD, ATC;
Shane S. Schulthies, PhD, PT, ATC

Objective: We investigated three 30-minute high-volt pulsed 
current electrical stimulation (HVPC) treatments of 125 pps to 
reduce pain, restore range of motion (ROM), and recover 
strength loss associated with delayed-onset muscle soreness 
(DOMS).

Design and Setting: Randomized, masked comparison of 
three 30-minute treatment and sham HVPC regimens over a 
48-hour period.

Subjects: Twenty-eight college students.
Measurements: Subjects performed concentric and eccen 

tric knee extensions with the right leg to induce muscle sore 
ness. Assessments were made before and after the exercise 
bout and each treatment at 24, 48, and 72 hours postexercise.

Results: Three separate 2x3x2 ANOVAs were used to 
determine significant differences (p < -05) between days, 
treatments, and pre-post treatment effects and significant

interaction among these variables. Scheffe post hoc tests 
showed no significant reduction in pain perception or improve 
ment in loss of function at 24, 48, and 72 hours postexercise. 
Mean pain perception assessments (0 = no pain, 10 = severe 
pain) for the HVPC group were 2.9, 4.5, and 3.5 and for the 
sham group 3.8, 4.8, and 3.5). Mean ROM losses for the HVPC 
group were 9.0°, 22.3°, and 26.2° and for the sham group were 
9.5°, 23.1°, and 23.0°. Mean strength losses (1RM) for the 
HVPC group were 25.9, 25.7, and 20.8 Ibs and for the sham 
group were 22.3, 22.3, and 13.8 Ibs.

Conclusions: HVPC as we studied it was ineffective in 
providing lasting pain reduction and at reducing ROM and 
strength losses associated with DOMS.

Key words: muscle soreness; delayed-onset muscle sore 
ness (DOMS); high-volt pulsed current

D elayed-onset muscle soreness (DOMS) is defined as 
"the sensation of discomfort or pain in skeletal muscles 
that occurs following unaccustomed muscular exer 

tion." 1 The onset of symptoms associated with DOMS is 
generally 8 to 24 hours postexercise, peaking from 24 to 72 
hours. 2" 6 DOMS is characterized by reduced mobility and 
increased tenderness, weakness, and pain. 7"10 Armstrong ob 
served that the tenderness resulting from DOMS is often 
localized in the distal third of the muscle and that the pain is 
generalized throughout most of the muscle belly. 1 ' 11 ' 12

A considerable amount of research has been conducted 
investigating the etiology4' 13 ' 14 and treatment of DOMS. Some 
of the physical agents that have been used to treat DOMS 
include ice, 15 ' 16 ice massage, 17 ' 18 therapeutic massage, 10 ' 19 
stretching exercises, 20 "23 superficial heat (hydrocollator 
packs), 16 ultrasound,24'25 transcutaneous electrical neuromus- 
cular stimulation (TENS), 15 '26 '27 microcurrent electrical neu- 
romuscular stimulation (MENS), 12 iontophoresis,28 phono- 
phoresis,24 and exercise (training). 11 ' 12 ' 17 '29 ' 30 Pharmacologic 
and other therapeutic agents used to treat DOMS include

David Lynn Butterfield teaches LDS seminary at Timpview High 
School, and is employed at Priority One Health Care, Orem, UT. At 
Brigham Young University in Provo, UT, David O. Draper is an 
associate professor and graduate coordinator of the Athletic Training 
Program, Mark D. Ricard is an associate professor of biomechanics, J. 
William Myrer is an associate professor of anatomy, Earlene Durrant 
is a professor and chair of the Physical Education Department, and 
Shane S. Schulthies is an assistant professor and director of the 
Prephysical Therapy Program.

anti-inflammatory drugs,31 33 ascorbic acid,34 ibuprofen,35 and 
counterirritants (topical analgesics).36 '37 We found only one 
study that investigated the efficacy of high-volt pulsed current 
electrical stimulation (HVPC) in treating DOMS. 18 That study 
compared the effects of 1) a subsensory HVPC treatment, 2) a 
submotor HVPC treatment, and 3) a microcurrent stimulation 
treatment for three indicators of DOMS: perception of sore 
ness, hamstring flexibility, and plasma creatine kinase. The 
submotor HVPC treatment was the most effective of the three 
treatments in reducing DOMS.

Our study was designed to determine whether or not three 
30-minute treatments of a twin-pulse HVPC set at 125 pulses 
per second (pps) would significantly reduce the soreness and 
loss of ROM and strength associated with DOMS.

METHODS

Subjects

Seventeen women and 11 men (age 21.8 ± 2.5 years, height 
174.5 ± 11.4 cm, weight 69.9 ± 12.5 kg) volunteered to 
participate in the study. Each subject signed a consent form 
after being advised of the purposes of the study and the method 
of inducing DOMS. All subjects were instructed not to mas 
sage, apply ice, exercise, stretch, or take any pain medication 
for the duration of the study. The subjects had not been 
involved in conditioning or strength-training programs within 
one month of the study, reported no history of lower extremity
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injury, and were free from soreness in the right lower extrem 
ity.

Instrumentation

We used a visual analog scale (VAS) to assess pain. The 
scale consisted of a horizontal line 10 cm in length ranging 
from "no pain" at the far left to "severe pain" at the far right. 
Active knee flexion ROM was measured using a manual 
12-inch full-circle plastic goniometer with the subject prone. 
We obtained strength measures using the Cybex leg extension 
machine (Eagle Fitness Systems, Owatanna, MN). This same 
leg extension machine was utilized to induce DOMS. The 
OmniStim 3020 medium frequency current generator with a 
high-volt pulsed current adapter (Physio Technology, Inc., 
Topeka, KS) provided the treatments. The amplitude was 
submotor, the frequency was 125 pps, and the pulse duration 
was 40 /xsec with an interphase interval of 100 jusec.

Procedures

The 28 subjects were randomly assigned to one of two 
groups, HVPC or sham. Muscle soreness was induced in the 
right quadriceps using concentric and eccentric knee exten 
sions on the Cybex leg extension machine. Subjects began the 
exercise protocol using 75% of their one-repetition maximum 
and performed up to 30 sets of 10 repetitions. Each set lasted 
approximately 20 to 30 seconds and was followed by a 15- to 
20-second rest period. Following 8 sets of 10 repetitions of leg- 
extension exercises, the subjects were given a 2-minute rest 
period. The total exercise time took no longer than 50 minutes. 
When the subject was unable to fully extend the leg during the 
concentric phase, we lifted the weight and had the subject 
eccentrically load the quadriceps while lowering the weight. 
We continued this routine until the subject was unable to 
eccentrically resist a 30-pound load or refused to continue the 
exercise due to fatigue.

We administered 30-minute HVPC treatments once each day 
for three days. The first treatment was given at 24 hours 
postexercise, the second at 48 hours postexercise, and the final 
treatment at 72 hours postexercise. (Two of the subjects were 
excused from the study as a result of sickness and use of 
medication.)

Subjects in the HVPC treatment group were given a high- 
volt, twin-peak, pulsed electrical current delivered at a rate of 
125 pps for 30 minutes. We cleansed the entire quadriceps with 
alcohol and placed one electrode directly over the site of 
greatest soreness. We then placed the other electrode over the 
furthest area to which the soreness extended, whether proxi- 
mally or distally, to allow the electrical current to flow through 
as much of the painful area as possible. The intensity was 
increased to the point at which a muscle contraction was visible 
and then lowered to a comfortable sensation level, as deter 
mined by each subject. Reusable, self-adhering electrodes 
(Medical Specialists Company, Inc., Denver, CO) of equal size 
(4 1/2 inches by 2 1/2 inches) were used. A new pair of 
electrodes were assigned to each subject and were used for the 
duration of the study.

Subjects in the sham group received a mock treatment. We 
turned the machine on, and the dial, which was connected to a 
false channel, was manipulated, allowing the subjects to see 
what they perceived as an increase in the amplitude. No 
current, however, was actually being delivered. We told the 
subjects they were receiving a nonsensory treatment and 
should feel nothing.

Assessments
Assessments for perceived muscle soreness, loss of ROM, 

and strength loss were performed before and after each 
treatment. We used a visual analogue scale to evaluate muscle 
soreness. The subjects evaluated their own soreness by mark 
ing an "X" on the scale at their level of perceived pain.

We assessed knee flexion ROM actively of each leg with the 
subject lying prone. The arms of a standard goniometer were 
aligned with the long axis directly over the lateral femoral 
condyle, using the greater trochanter and lateral malleolus as 
landmarks. We marked the placement of the goniometer on the 
skin of each subject with a permanent marker to ensure 
consistency and accuracy in the daily assessment of ROM. The 
point at which the subjects were unable to further actively flex 
their knee was considered the end point of their ROM.

We assessed strength as a one-repetition maximum (1RM) 
on the Cybex leg extension machine. We recorded the amount 
of weight lifted to full knee extension by the right leg (to the 
nearest 5 Ibs) for each subject.

Statistical Analysis

We ran three separate 2X3X2 ANOVAs to determine 
significant differences between days, treatments, and pre-post 
treatment effects, and significant interaction among these 
variables. We used Scheffe post hoc tests to determine which 
days, treatments, and/or pre-post treatment effects were signif 
icantly different. We set alpha at .05.

RESULTS

Perceived Muscle Soreness

Perceived pain peaked at 48 hours postexercise for both 
groups. A significant decrease in pre-post means for perceived 
pain for both groups was observed (F(2,50) = 4.68, p - 0.01) 
(Table 1), which indicated that the sham group experienced a 
placebo effect that reduced pain. However, Scheffe post hoc 
tests showed no significant differences in perceived pain 
between the two groups. Thus, neither group significantly 
reduced perceived pain from 24 to 72 hours postexercise 
(F(2,50) = 0.41, p = 0.67). The only significant pain reduction 
for both groups occurred during the 30-minute treatment, but 
this diminished shortly after the treatment concluded.

Range of Motion

There were no differences in range-of-motion loss between 
the treatment and sham groups (F(2,48) = 0.99, p = 0.38). An
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Table 1. Table of Means and Standard Deviations for Perceived Pain Before and After Each Treatment at 24, 48, and 72 Hours 
Postexercise

Hours Postexercise

HVPC

Sham

Day mean

pre
post
pre
post
(cm)

(cm)
(cm)

(cm)
(cm)

24

3.15 ± 1
2.73 ± 1
3.90 ± 1
3.63 ± 1
3.31 ± 1

.98

.73

.84

.65

.76

5.13
3.93
5.58
3.96
4.64

48

± 2,
± 2,
± 3,
± 2,
± 2,

.99

.76

.37

.71

.78*

72

3.72 ±
3.37 ±
3.75 ±
3.21 ±
3.51 ±

Means

3.23
3.01
3.06
3.03
3.01

4.00
3.34
4.41
3.60

± 2.67
± 2.50f
± 2.76
± 2.46f

* Significant pain increase (p<.01) for both the HVPC and sham group from 24 to 48 hours postexercise 
t Significant decrease in pre/post means for perceived pain

improvement in ROM, however, at 72 hours postexercise was 
revealed for both groups (Table 2). As with muscle soreness, 
ROM loss was greatest at 48 hours postexercise.

Strength

There were no improvements in strength recovery in either 
the sham or HVPC group (F(2,46) = 1.41, p = 0.25), although 
improvements in strength were observed from 48 to 72 hours 
postexercise (Table 3). However, these improvements were 
similar for both groups, and strength loss remained low all 3 
days post exercise. Peak strength loss occurred at 48 hours 
postexercise.

Summary

Maximum pain perception, loss of ROM, and strength loss 
occurred for both treatment and control groups at 48 hours 
postexercise. Furthermore, muscle soreness was diffuse, al 
though the belly of the rectus femoris and the distal end of the 
vastus lateralis were the two common sites of most intense pain 
indicated by the subjects. The HVPC and sham treatments 
produced definite effects in pain perception during each 
30-minute treatment but did not significantly decrease pain 
perception, improve ROM, or moderate strength losses at 24, 
48, and 72 hours postexercise. It appeared that the sham 
treatment caused a decrease in pain perception due to a placebo 
effect.

DISCUSSION

Results from our study coincide with the results of other 
studies regarding the progression of DOMS. We found that

muscle soreness associated with DOMS increases in intensity 
during the first 24 hours postexercise and peaks at 48 hours 
(Fig 1) postexercise. 6 ' 10 ' 38 Results from our study are similar to 
other studies regarding the severity of DOMS. We observed 
that the tenderness resulting from DOMS induced in our study 
was most often localized to the distal third of the muscle, 1 
while the pain was generalized throughout most of the muscle 
belly, as has been reported by other researchers. 11 ' 12 '39

In their study of the effects of intensity and duration of 
muscular exercise on DOMS, Tiidus and lanuzzo 12 found that 
high-intensity (80% of 10RM), short-duration (170 contrac 
tions) exercise resulted in greater muscle soreness than long- 
duration (545 contractions), low-intensity exercise (30% of 
10RM). Subjects in our study began their exercise protocol 
lifting 75% of their 1RM, which is a higher intensity than that 
used by other investigators.6 ' 10' 15 '26 '27 Thus, the possibility 
exists that our DOMS exercise protocol was too aggressive for 
conventional neuromuscular stimulation to reduce pain. We 
base this on the fact that the level of soreness induced in our 
subjects was so great that the majority of subjects were unable 
to walk without a limp. In some of the subjects we observed 
slight swelling in the distal third of the anterior portion of the 
thigh.

Some of the results from our study are not in accordance 
with those of Wolcot et al, 18 who investigated the effects of a 
subsensory HVPC treatment, submotor HVPC treatment, and a 
microcurrent treatment on DOMS. They reported that the 
submotor HVPC treatment was the most effective in reducing 
pain. Other investigators have studied the effects of different 
electrical stimulation devices and treatment protocols, such as 
TENS (high- and low-frequency) 15 '26 '27 and MENS. 12 These 
studies found high- and low-frequency TENS to be effective in 
reducing pain and MENS to be ineffective. Compared with the

Table 2. Table of Means and Standard Deviations For Range-of-Motion Losses Before and After Each Treatment at 24, 48, and 72 
Hours Postexercise

Hours Postexercise

24 48 72

HVPC

Sham

Day mean

pre (deg)
post (deg)
pre (deg)
post (deg)
(deg)

-9.71
-8.29
-8.83

-10.08
-9.21

± 9.90
± 10.12
± 13.72
± 10.65
± 10.49

-35.36
-29.29
-22.58
-23.58
-28.06

± 39.83
± 32.75
± 32.80
± 31.79
± 33.65*

-26.71
-25.71
-23.50
-25.71
-24.73

± 33.69
± 30.81
± 33.91
± 30.81
± 32.01

Significant loss of ROM (p<.01) for both the HVPC and sham group from 24 to 48 hours postexercise (measured in active knee flexion in prone 
position)
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Table 3. Table of Means and Standard Deviations For Strength Losses Before and After Each Treatment at 24, 48, and 72 Hours 
Postexercise ___ ____________________________

Hours Postexercise

24

HVPC

Sham

Day mean

pre (Ibs)
post (Ibs)
pre (Ibs)
post (Ibs)
(Ibs)

-25.00
-26.79
-23.18
-21.36
-24.30

± 19.71
± 18.77
± 16.77
± 15.83
± 17.52

48

-27.14
-26.07
-23.18
-23.64
-24.17

± 21 .64
±24.43
± 25.42
± 20.87
±21.73

72

-21.79
-22.50
-15.91
-14.09
-17.69

± 25.01
±25.17
± 23.75
± 22.67
±24.15*

* Significant decrease in strength loss (p<.05) for the HVPC and sham group (strength measured as 1RM)

findings of these studies, HVPC stimulation appears to be less 
effective than high- and low-frequency TENS and equally as 
ineffective as MENS in reducing pain. The differences in pain 
reduction among these three distinct electrotherapeutic modal 
ities might be related to 1) the exercise protocol utilized for 
inducing muscle soreness, 2) the physiologic differences in the 
subjects, and/or 3) the treatment protocol administered.

While the exercise protocol we utilized did indeed induce 
DOMS, it may have been somewhat overstrenuous for some 
subjects. This was indicated by the pronounced decreases in 
ROM (Fig 2) and strength (Fig 3) immediately following the 
exercise protocol and at 24, 48, and 72 hours postexercise. 
Subjects at lower fitness levels will particularly be affected by 
such an exercise regimen. We recommend a thorough fitness 
assessment of each participant when selecting subjects to 
participate in a study of DOMS. This will control for variabil 
ity between subjects by inducing approximately the same level 
of soreness, muscle damage, etc, in each person.

Another possible explanation for the differences in our 
findings and those of others might be related to the muscle 
group we chose for our study. We induced soreness in the knee 
extensors, a group of muscles used when weight bearing, 
whereas other researchers have induced soreness in the elbow 
flexors or extensors, 5 '6 ' 15 ' 17 '24 '26 '27 '31 '32 '38 which are non- 

weight-bearing muscles. By inducing soreness in non-weight- 
bearing muscles, complete rest is at least possible. When 
DOMS is induced in the musculature of the lower extremities, 
however, it is difficult to provide complete rest. Nevertheless,

P 
A 
I 
N

some researchers who have induced soreness in the lower 
extremity have found favorable results (ie, pain reduction and 
restoration of muscle function) with the use of electrical 
stimulation. 18 '25 '28 '35

The contradictory results of our study and the favorable 
results found in these studies involving the lower extremity 
might be explained by the differences in our treatments, the 
method of inducing soreness, and/or the assessment procedures 
utilized in each investigation. Each of these investigations 
involved different treatments and treatment methods, exercise 
protocols for inducing DOMS, and pain and function assess 
ment procedures for evaluating soreness and loss of function.

In comparison with the treatment protocols used in those 
studies investigating the efficacy of MENS and high- and 
low-frequency TENS and the treatment protocol used in our 
study, there is also a distinction. For example, our intensity or 
pulse rate may have been too high, or the pulse duration may 
have been too low; the treatment duration may have been too 
short; our electrode sizes may have been too large or placed too 
far apart; and/or the frequency of our assessments may have 
been insufficient to discern change.

The treatment protocol used by Denegar et al27 delivered a 
pulse rate of 2 pps and pulse duration of 300 jiisec, and the 
intensity was adjusted to maximal tolerance for a duration of 
30 minutes. The high-frequency TENS protocol utilized in the 
investigation of Denegar and Huff26 delivered a pulse rate of 
80 pps, pulse duration of 90 /xsec, and a monophasic waveform 
for a duration of 30 minutes. Their low-frequency TENS 
protocol consisted of 2 pps, with a pulse duration of 200 ju,sec, 
and a biphasic waveform for 30 minutes. In addition, they

HOURS

Fig 1. Level of pain reported by subjects before and after each 
treatment.

48 72HOURS 

Fig 2. Range of motion loss before and after each treatment.
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Fig 3. Strength loss of 1 RM in pounds before and after each 
treatment.

performed assessments immediately, 1 hour, 2 hours, 3 hours, 
and 4 hours post-treatment.

Denegar and Perrin 15 applied a 20-minute treatment, which 
delivered a pulse rate of 2 pps and pulse duration of 20 jasec. 
The intensity was adjusted to approximately 110 juA and the 
duty cycle set for an "off time of 99 seconds and an "on" time 
of 1 second. Furthermore they used round, 50-mm diameter 
carbon electrodes treated with conductive gel. The parameters 
for MENS utilized by Weber et al6 were set at a duty cycle of 
50% (with the electrodes alternating polarity every 2.5 sec 
onds), an intensity of 30 juA, a frequency of 0.3 Hz, and a wave 
slope of 5 seconds.

All of the treatment protocols utilized in the TENS investi 
gations cited above 15 '26 '27 resulted in significant reductions of 
perceived pain following treatments at 48 hours postexercise. 
The treatment protocol used in our study was less effective 
than many in the literature; therefore, we recommend several 
changes for future studies. First, we suggest that assessments 
be taken at least twice each day at different times before and 
after each treatment. Second, if feasible, assessments should 
extend up to 96 or 120 hours postexercise. Third, when HVPC 
is used, we suggest a longer pulse duration (200 jusec) and 
lower pulse rate (1 to 5 pps), which may produce longer lasting 
analgesia. 19 Fourth, more treatments, such as two or three each 
day, might be indicated. Fifth, treatments may need to be 
administered for longer periods, such as 45 minutes. Lastly, 
HVPC needs to be investigated in conjunction with other 
modalities such as ice, stretching, anti-inflammatories, and 
exercise.

In conclusion, our application of a high-volt, twin-peak 
pulsed electrical current delivered at 125 pps for a duration of 
30 minutes was not effective in reducing the soreness, loss of 
ROM, and loss of strength associated with DOMS. However, 
HVPC did produce a reduction in pain perception throughout 
the duration of the treatment, possibly due to placebo effects.
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Ankle Braces Effectively Reduce 
Recurrence of Ankle Sprains in Female 
Soccer Players
Sharon R. Sharpe, MS, LATC; Joseph Knapik, ScD; Bruce Jones, MPH, MD

Objective: The purpose of this study was to examine the 
effectiveness of ankle bracing and taping in preventing recur 
rences of ankle sprains, specifically in female athletes.

Design and Setting: Varsity soccer players' medical records 
over a five-year period were retrospectively reviewed at a 
Division III women's college. Data were extracted regarding any 
history of ankle sprain(s), type of intervention used as prophy 
laxis after the ankle sprain, number of exposures, and any 
incidence of recurrence.

Subjects: All collegiate varsity soccer players who had 
suffered a previous sprain to either one or both ankles (38 
players) were identified as subjects.

Measurements: Each previously injured ankle (n = 56) was 
considered as a case for the analysis. Ankles that had a 
previous sprain received one of four interventions: 1) a canvas, 
laced ankle brace (n = 19), 2) taping (n = 12), 3) a combination 
of taping and ankle bracing (n = 8), or 4) no treatment (n = 17).

Results: The four intervention groups had a total of 1717 
practice exposures and 650 competitive game exposures; 
exposures did not differ among the 4 groups. Ankle sprain 
recurrence frequency was 0%, 25%, 25%, and 35% for the 
braced, taped, combination, and untreated groups, respec 
tively. The recurrence incidence for the braced group was 
significantly lower than that of the other three groups. The ankle 
sprain recurrence frequency did not differ among the taped, 
combination, and no treatment groups.

Conclusion: We suggest that prophylactic ankle bracing is 
effective in reducing the incidence of ankle sprains in female 
soccer players with a previous history of ankle sprains.

Key Words: ankle bracing, ankle sprains, female soccer 
players

Ankle injuries are among the most common impairments 
in intercollegiate athletics, accounting for 12 to 18% of 
all injuries, 1 "10 and the large majority of these injuries 

are ankle sprains. 1 '2 '4 Athletes with a previous history of ankle 
sprains are also more likely to reinjure the ankle. 1 '2 ' 11 ' 12

The application of external ankle support (taping, wrapping, 
and/or bracing) has long been advocated as a method for 
preventing ankle sprains 13 because it can limit the range of 
motion of the joint. 14 " 18 However, exactly how much restric 
tion is needed to prevent overstretching of the ligaments is still 
in question. 19 '20 Authors have reported that prophylactic tap 
ing2 or use of a laced stabilizer21 can significantly reduce the 
frequency of ankle sprains. Taping has also been shown to 
reduce recurrence of ankle sprains in basketball players.2

Disclaimers: The views, opinions, and/or findings contained in this 
report are those of the authors and should not be construed as official 
Department of the Army position, policy, or decision, unless so desig 
nated by other official documentation. Citations of commercial organi 
zations and trade names in this report do not constitute an official 
Department of the Army endorsement or approval of the products or 
services of these organizations. Approved for public release; distribu 
tion is unlimited.
Sharon R. Sharpe is head athletic trainer in the Department of Physical 
Education, Recreation, and Athletics at Wellesley College, Wellesley, 
MA 02181. Joseph Knapik is research physiologist at the Human 
Research and Engineering Directorate, U.S. Army Research Labora 
tory, Aberdeen Proving Ground, MD 21005. Bruce Jones is chief of the 
Environmental and Occupational Health and Injury Control, Directorate 
of Epidemiology and Disease Surveillance, U.S. Army Center for Health 
Promotion and Preventive Medicine, Aberdeen Proving Ground, MD 
21010.

Since 1979, our athletic training staff at Wellesley College 
has systematically performed preseason screening22 and col 
lected injury data on the athletes, all of whom are female.4 In 
1987 we began offering lace-up ankle braces as well as a 
standard taping technique as prophylaxis for individuals with a 
history of previous ankle sprains. Over the next few years, we 
observed a dramatic reduction in the recurrence of ankle 
sprains in athletes wearing ankle braces, which was not the 
case in those who were taped. In order to systematically 
determine the effectiveness of the braces in reducing the 
frequency of reinjury, we conducted a retrospective cohort 
study examining ankle sprain recurrences in athletes using 
different types of external ankle support (or no support).

MATERIALS AND METHODS

Over a five-year period (1988-1992) medical records were 
examined for all varsity soccer players. Athletes who had a 
previous ankle sprain were considered subjects for this inves 
tigation. A previous ankle sprain was defined as one that was 
reported by the subject during the preseason screening, one that 
took place prior to the start of the season (ie, over the summer), 
or one that occurred during a previous sport season. Each 
subject was followed for only one soccer season after the 
previous sprain.

Thirty-eight players were identified as subjects for this 
analysis. Seven players had a previous sprain to the left ankle, 
1 3 had a previous sprain to the right ankle, and 18 had previous 
sprains to both left and right ankles. Each previously sprained 
ankle (total of 56 ankles) was considered a separate case. Cases
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were grouped according to the type of protective intervention 
used on the ankle.

For all subjects, the following data were extracted from 
athletic training records: physical characteristics (age, height, 
weight), type of intervention (if any), number of exposures 
(number of practices and games in which each subject partic 
ipated for that season), and whether an ankle sprain recurrence 
had taken place. Weight was measured on a beam scale with 
athletes wearing shorts, t-shirt, and no footwear. Height was 
measured with the anthropometer attached to the scale. Age at 
the beginning of the sport season was calculated to the nearest 
year from the subject's date of birth.

An ankle injury recurrence was defined as any ankle sprain 
occurring as a result of participation in varsity soccer that 
required treatment by the athletic training staff. Intervention 
options included taping, bracing, a combination of both tape 
and brace, or no intervention (neither bracing nor taping). 
Athletes who had previous sprains to both ankles may have had 
a different intervention for each ankle (ie, right braced, left 
taped, etc.) The selection of intervention depended on the year 
and on the individual. In 1988, athletes with a previous sprain 
were advised, but not required, to use some type of prophylaxis 
(either tape, brace, or both together). In 1989, athletes with a 
previous sprain were required to choose tape, brace, or both. 
By 1990, we required all soccer players with a history of ankle 
sprain to wear a brace for practices and games. For certain 
individuals, tape was also applied under the brace.

The standard ankle taping procedure was a modified bas- 
ketweave with two medial and two lateral heel locks, and two 
half-figure 8 strips pulling the foot into slight eversion. 
Preparation for taping included applying tape adherent and 
pretape underwrap. Taping was performed by certified athletic 
trainers or experienced student athletic trainers in all cases. The 
brace used was the Swede-O Universal Ankle Support (North 
Branch, MN), a canvas lace-up brace worn over one sock. 
Athletes were instructed in the proper application of the brace 
by a certified athletic trainer. In the combination of tape and 
brace, the ankle was taped as above and the brace worn over 
the tape and one sock.

Information on exposures was abstracted from the practice 
and game schedules for each soccer season studied and from 
the medical records of each subject (practices and games 
missed for any reason). A practice exposure was defined as any 
practice session in which the athlete participated. A game 
exposure was any competition with another college in which 
the subject participated. Total exposures were the sum of the 
game and practice exposures. All players wore low-top shoes 
with molded or screw-in type cleats for both practices and 
games.

fewer than five in a cell, Yates correction was applied. 
Differences among groups were tested using the Fisher exact 
(FE) test.

RESULTS

The 38 subjects had a mean (SD) age of 19.1 years, height 
of 165.8 ± 7.7 cm (65.3 ± 3.0 inches), and weight of 61.6 ± 
8.8 kg (156.2 ± 19.4 Ibs).

There were a total of 1717 practice exposures and 650 game 
exposures. Table 1 shows descriptive statistics on the expo 
sures for each of the four groups. There were no significant 
differences among the groups in the number of total exposures 
(F(3,52) = 0.56, p = .64), practice exposures (F(3,52) = 0.38, 
p = .77), or game exposures (F(3,52) = 0.48, p = .70).

The influence of the four interventions on recurrence of 
ankle sprains is shown in Table 2. The group with ankle 
bracing had no ankle sprain recurrences. There were significant 
differences in overall frequency of ankle sprain recurrences 
among the four groups 0^(3) = 7,65, p = 0.05). The braced 
group had significantly fewer recurrences than the group with 
no treatment (FE, p = 0.006) and the group that was taped (FE, 
p = 0.05); the braced group also tended to differ in recurrence 
frequency from the combination group (FE, p = 0.08). The 
group that was taped did not differ in ankle injury recurrences 
frequency compared to the combination group (FE, p — 0.70) 
or the group that had no treatment (FE, p = 0.43). The 
combination group did not differ in injury frequency compared 
to the group with no treatment (FE, p = 0.49).

DISCUSSION

This is the first study to report on the efficacy of ankle 
bracing for prevention of ankle sprain recurrence in female 
athletes. We observed that ankle bracing was associated with a 
significant reduction in the frequency of ankle sprain recur 
rence in female collegiate varsity soccer players, while taping 
was considerably less effective. Differences in exposure cannot 
account for the lower injury frequency in the braced group 
since the number of practices and games were similar to the 
taped group (see Table 1).

There are few reports in the literature on the advantages and 
disadvantages of ankle bracing. 23 Unlike tape, the ankle brace 
can be tightened by the athlete if it becomes loose during 
practice or competition. 21 Bunch et al3 reported that lace-on 
ankle braces lost only 5 to 9% of their initial support during use 
(taping lost 21%), but they used a mechanical testing device

Table 1. Practice Sessions, Game Sessions, and Total Sessions 
Attended by Subjects in Each Intervention Group (Values areData Analysis

Descriptive statistics were calculated on the physical char 
acteristics and the exposure data. Overall differences in the 
exposures among the four groups were tested using a one-way 
analysis of variance. Differences in overall reinjury frequency 
among the groups were tested using a 2 X 4 (injured/ 
noninjured vs groups) x 2 analysis. Where sample sizes were

Means ± SD)

Treatment 
Intervention

Braced 
Taped 
Combination 
No treatment

Practice 
Sessions

30.5 ± 8.6 
32.8 ± 3.8 
32.6 ± 6.2 
30.5 ± 8.6

Game 
Sessions

10.8 ± 8.5 
12.3 ± 6.3 
14.4 ± 5.1 
11.7 ± 6.4

Total 
Sessions

41.4 ± 13.5 
45.1 ± 8.7 
47.0 ± 9.7 
42.2 ± 12.5
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Table 2. Ankle Sprain Reinjury Frequency in the Four Groups

Treatment
Intervention

Braced
Taped
Combination
No treatment

Injured

0
3
2
6

Not
Injured

19
9
6

11

Total

19
12
8

17

Percent
Injured

0
25
25
35

that eliminated human factors, like sweat accumulation and 
movements in many axes, that are possible at the ankle.

It was somewhat surprising that taping was not more 
effective in preventing ankle sprain recurrences. Garrick and 
Requa2 reported a prospective study in which athletes who had 
a previous history of ankle sprains were 3.4 times less likely to 
be reinjured if they were taped. However, Rovere et al21 
reported that a lace-up brace was more effective than taping in 
preventing ankle sprains in college football players. In agree 
ment with Rovere et al,21 our data show that subjects with an 
ankle brace were much less likely to be reinjured.

The practice of taping ankles to protect against sprains is 
nearly universal. Although taping can provide an initial custom 
fit that is comfortable and protective,24 the ability of tape to 
restrict the ankle's range of motion after the initial application 
may be compromised as use continues. Taping has been shown 
to lose 18 to 83% of its ability to restrict range of motion after 
a period of athletic activity. 19 '20'25"27 Some possible causes of 
this loosening include moisture accumulation under the tape 
(which reduces its adherence to the skin) and mechanical 
failure such as tearing and rolling downward. 24'28 '29 The 
effectiveness of taping may be also limited by the mobility of 
the skin to which the tape is applied. Skin problems such as 
dermatitis and blisters can be caused by repeated daily appli 
cations of tape. 16'24'28

Other factors to consider are the cost of taping and the need 
for the presence of a skilled individual (athletic trainer) to 
apply the tape. The cost per athlete of disposable tape is much 
more than that of a reusable ankle brace.21 In our training room 
we estimate that we could buy two to three braces (each 
guaranteed effective for one season) with the money we would 
spend taping one ankle for the soccer season. In addition, with 
minimal training, athletes can apply their own ankle braces, 
which they can also use during their own recreational activi 
ties.

Subjects in the combination group were 1.4 times less likely 
to be reinjured than subjects in the group with no treatment, 
although this was not statistically significant. Our initial 
assumption was that the protective effects of brace and tape 
would be additive, but our results do not support this. While the 
combination group and the taped group had an equal risk of 
reinjury (see Table 2), the difference between the braced group 
and the combination group was not significant. This may have 
been due to small sample size and/or subject selection bias. 
The combination group consisted of six ankles with history of 
multiple (three or more) recurrent ankle sprains and two ankles 
with an associated tendon injury and only one previous sprain. 
A history of multiple sprains may have made them more likely 
to have been reinjured as other authors have reported, 1 '2 ' 11 but

8 of the 19 ankles in the braced group had a history of multiple 
sprains and none of these was reinjured.

The same factors that contribute to the loosening of tape 
when applied alone would also be acting on the tape under the 
brace, thus reducing its protective effect. In addition, the added 
layer of tape may provide further physical separation of the 
brace from the joint, thus decreasing the brace's ability to 
restrict excess joint movement.

Athletes using the combination seemed to feel an increased 
sense of confidence in their ankle stability with the tape under 
the brace, at least on initial application. Such confidence may 
have allowed the athlete to play with less worry and thus 
maintain good concentration. However, it may also have 
provided a false sense of security that could have resulted in 
more risk taking during play.

In summary, we suggest that ankle bracing is effective in 
reducing ankle sprain recurrences during a season of varsity 
soccer since the brace prevented ankle sprain recurrences (no 
reinjuries). Thus, we feel that the brace is to be preferred over 
tape as a method of ankle protection for those with a history of 
previous ankle sprain. Further study would be needed to 
determine whether the combination of tape and brace together 
is actually less effective than the lace-up brace alone.
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Role of Hyperpronation as a Possible Risk 
Factor for Anterior Cruciate Ligament 
Injuries
Joanne Smith, MEd, ATC; Joe E. Szczerba, MS, ATC; 
Brent L. Arnold, PhD, ATC; David E. Martin, PhD, ATC; 
David H. Perrin, PhD, ATC

Objective: The purpose of this study was to examine the 
relationship between hyperpronation and the occurrence of 
noncontact injury to the anterior cruciate ligament (ACL).

Design and Setting: Subjects were categorized as either 
ACL injured (ACLI) or ACL uninjured (ACLU). All ACLI subjects 
received their injuries from a noncontact mechanism. To justify 
using the ACLI subjects' uninjured legs as representative of 
their preinjury state, a t test was used to compare the differ 
ences between the left and right foot for the ACLU group on 
both measurements. Based on the results of the t test, a 
regression analysis was performed to determine whether group 
membership could be predicted from navicular drop. All mea 
sures were performed in a university athletic training room.

Subjects: Fourteen ACLI subjects (age = 21.07 ± 0.83 yr, 
ht = 174.81 ± 8.29 cm, wt = 72.32 ± 13.47 kg) and 14 ACLU

subjects (age = 21.1 4 ± 2.03 yr, ht = 177.35 ± 11.31 cm, wt = 
72.99 ± 14.81 kg) participated.

Measurements: Hyperpronation was assessed via the na 
vicular drop test and the calcaneal stance test.

Results: No significant difference (p > .05) between feet for 
the navicular drop test was found. However, there was a 
significant difference (p < .05) between feet for the calcaneal 
stance test, and, thus, this measure was not used in the 
regression analysis. Using the navicular drop score, the regres 
sion analysis was unable to predict group membership.

Conclusions: Hyperpronation as measured by the navicular 
drop test was not a predictor of ACL injury, and, thus, may not 
be a predisposing factor to noncontact ACL injuries.

Key Words: anterior cruciate ligament, hyperpronation, risk 
factors

Anterior cruciate ligament (ACL) injuries are often 
debilitating and a major setback in an athlete's career. 
Of particular interest is the anterior cruciate rupture 

that occurs without contact (for example, during a cutting 
action, where the athlete flexes and rotates the knee). 1 The 
frequent incidence of noncontact ACL injuries has led re 
searchers to study whether some athletes are more prone than 
others to this type of injury. 2 '3

Some studies have suggested a relationship between certain 
anatomical features and a possible predisposition to injury of 
the ACL. 2"9 In particular, intercondylar notch size, high 
navicular drop scores, and large amounts of anterior tibial 
translation have been linked to ACL injuries. 2"9 Beckett et al2 
studied navicular drop in a group of ACL-injured and ACL- 
uninjured subjects. The ACL-injured group had significantly 
higher navicular drop test scores compared to the ACL- 
uninjured group. It was concluded that hyperpronation and the 
occurrence of ACL injuries may be related.

Joanne Smith is the athletic trainer at Concord Academy, Concord, 
MA. Joe E. Szczerba is a doctoral student in sports medicine at the 
Curry School of Education, University of Virginia, Charlottesville, VA. 
Brent L. Arnold is an assistant professor and associate director of the 
Sports Medicine/Athletic Training Research Laboratory at the Curry 
School of Education, University of Virginia. David E. Martin is a 
research assistant professor in the Department of Radiology at the 
Health Sciences Center, University of Virginia. David H. Perrin is a 
professor and director of the Sports Medicine/Athletic Training Re 
search Laboratory at the Curry School of Education, University of 
Virginia.

Woodford-Rogers et al3 measured navicular drop, calcaneal 
alignment, and anterior tibial translation in both high school 
and college football players, female basketball players, and 
female gymnasts with ACL injuries. For comparison, a group 
of 22 uninjured ACL athletes were matched to the first group 
by sport, amount of playing time, and level of competition. The 
results indicated that navicular drop and anterior tibial trans 
lation were more prevalent in the ACL-injured group than in 
the ACL-uninjured group. 3

The previous studies2 ' 3 suggest a relationship between 
hyperpronation and a predisposition to ACL injuries. How 
ever, it is uncertain whether hyperpronation as measured by 
navicular drop alone is an adequate predictor of noncontact 
ACL injuries. Thus, the purpose of this study was to 
examine the relationship between ACL injuries and hyper 
pronation using a combination of navicular drop and calca 
neal stance measures.

MATERIALS AND METHODS

Subjects

Prior to participating in the study, all subjects were required 
to read and sign a human subjects informed consent form. All 
subjects were chosen by their willingness to participate and the 
ACL-injured subjects by their history of a noncontact ACL 
injury. The subjects were divided into two groups, an ACL- 
injured group (ACLI) and an ACL-uninjured group (ACLU). 
The ACLI group (age = 21.07 ± 0.83 yr, ht = 174.81 ± 8.29
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cm, wt = 72.32 ± 13.47 kg) consisted of 14 subjects, 7 males 
and 7 females. The ACLU group consisted of 14 subjects, 7 
males and 7 females (age = 21.14 ± 2.03 yr, ht = 177.35 ± 
11.31 cm, wt = 72.99 ± 14.81 kg), who had never had a 
previous ACL injury. All subjects in the ACLI group had an 
MRI or arthroscopically documented partial or complete ACL 
tear that resulted from a noncontact injury. Two of the ACLI 
subjects had bilateral ACL ruptures. Of the injured group, two 
of the ACL-injured knees had been conservatively managed 
and 14 had been surgically reconstructed.

Navicular Drop Test

The navicular drop test was performed as described by 
Brody. 10 Subjects were seated in a chair with both feet resting 
on the floor, and the navicular was marked with an ink marker. 
The subtalar neutral position was determined by having the 
tester palpate the talus and navicular with the thumb and index 
finger, respectively. The foot was then passively everted and 
inverted until the tester determined the medial and lateral 
aspects of the talus to be equally prominent on both sides. The 
subjects were then required to hold this position while an index 
card was held in contact with the floor and their foot. A point 
was then drawn on the index card corresponding to the 
previously identified spot on the navicular. With the index card 
held in this position, the subjects then stood with their weight 
equally distributed on both feet. A second point was then made 
on the card corresponding to the new position of the navicular 
in the weight-bearing position. The distance between the two 
points, termed the navicular drop, was measured in millimeters 
using a ruler.

Calcaneal Stance Position Test

The calcaneal stance position test3 was taken using a 
carpenter's combination square to mark the midpoint of the 
calcaneus and gastrocnemius/soleus muscle group. Each mid 
point was marked with an "X" using nonpermanent ink. Tibial 
length was measured from the medial malleolus to the tibial 
tubercle. The "X" for the gastrocnemius/soleus muscle group 
was positioned at 60% of the tibial length measurement from 
the medial malleolus. After the midpoint was established, a 
plumb line was dropped from the superior angle of the left 
scapula to the floor to establish stance width (Fig 1). Both feet 
stayed in this position, and the calcaneal stance board was 
moved behind the foot being measured. The subjects stood 
with their feet placed in the heel holder at the front of the 
calcaneal stance board to insure that the distance between the 
foot and the camera was constant (Fig 2). A second plumb line 
was attached in the rear to provide a fixed perpendicular line 
for consistent measurements. This plumb line bisected the "X" 
made on the calcaneus. A photograph of each foot was taken 
using a 35-millimeter camera that was fixed to the calcaneal 
stance board. The calcaneal stance angle was identified as the 
angle between the plumb line bisecting the calcaneus and the 
line from the midpoint of the gastrocnemius/soleus to the 
midpoint of the calcaneus. This angle was then measured from 
the photograph with a protractor.

Fig 1. Plumb line dropped through the inferior angle of scapula.

Fig 2. Calcaneal stance board positioned behind subject.

Reliability

Intratester reliability was assessed on the navicular drop test 
and the calcaneal stance test by requiring the ACLU subjects to 
perform each of the two tests twice on each foot. For the 
navicular drop test a different index card was used to record 
each measurement. On the back of each card there was a 
number corresponding to each subject and an "L" or an "R", 
for the left or right foot. Following the data collection, the 
cards were randomly shuffled and the navicular drop was
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measured with the ruler. After all of the cards were measured, 
the data were then categorized by each number and by left or 
right foot. The values for the two different sets of cards were 
used to determine the intraclass correlation coefficient (ICC) 
using formula (2,1). 11

The reliability for the calcaneal stance position test was 
assessed by taking two pictures of the left and right foot of the 
ACLU group. The entire methodology of the calcaneal stance 
position test was repeated each time. A numbered card was 
placed next to the leg and in the view of the camera. Also, an 
"L" or an "R" was placed on the card to indicate the left or 
right foot. To blind the tester, the numbers in the photograph 
were covered with tape prior to measurement. The tester then 
used a protractor to measure the angle of calcaneal eversion 
from the pictures. Afterwards, the numbers were uncovered, 
and the photographs were matched by number and side. The 
values for the two different sets of photographs were used to 
determine the intraclass correlation coefficient using formula 
(2,1).

Table 2. Means and Standard Deviations of the Calcaneal Stance 
Test

11

Data Extraction and Analysis

The ACLI group completed each test once for each foot. For 
the ACLU group, each test was done twice for each foot in 
order to assess reliability. The mean of the two scores for each 
leg for the ACLU group was used for the data analysis. 
Initially, a t test was used to determine differences between the 
left and right feet of the ACLU group for both measurements. 
Following the t tests, the uninjured limb of the 12 unilaterally 
injured ACLI group members was matched by side to a limb of 
12 randomly selected members of the ACLU group. The 
navicular drop measures of these matched limbs were used in 
a regression analysis to predict group membership. The alpha 
level of all statistical tests was set at p = .05.

RESULTS

For the navicular drop test, the t test indicated that there was 
no significant difference between the left and right feet of the 
ACLU group. Table 1 shows the means for both the ACLI and 
ACLU groups. For the calcaneal stance test, the t test found a 
significant difference between the left and right feet of the 
ACLU group. Table 2 shows the means for both the ACLI and 
ACLU groups. Originally, both the calcaneal stance and 
navicular drop scores were to be used in the regression 
analysis. However, because the right and left feet measure 
ments were different for the calcaneal stance test, it was not 
included in the regression analysis. The regression analysis

Table 1 . Means and Standard Deviations of the Navicular Drop 
Test

Right/Injured* Left/Uninjured

ACLU 
ACLIt

6.21 ± 2.64 mm 
6.33 ± 3.11 mm

6.79 ± 3.19 mm 
7.17 ±4.17 mm

* Right leg for uninjured group. Injured leg for injured group, 
t ACLI scores are for n = 12. Scores for the 2 subjects with both legs 

injured are not included.

Right/Injured* Left/Uninjured

ACLU 
ACLIt

2.54 ± 2.8°f 
-0.38 ± 2.17°§

1.11 ± 2.23° 
2.13 ± 2.36°

* Right leg for uninjured group. Injured leg for injured group.
t Right > left (p < .05).
t ACLI scores are for n = 12. Scores for the 2 subjects with both legs

injured are not included. 
§ Negative scores on the calcaneal stance test indicate greater prona-

tion.

using the navicular drop test demonstrated no significant 
relationship between group membership and navicular drop.

For the reliability assessment, the ICC for the navicular drop 
test equaled 0.72 (SEM = 1.79 mm) and 0.82 (SEM =1.15 
mm) for the left and right feet, respectively. Similarly, for the 
calcaneal stance test, the ICC was equal to 0.74 (SEM =1.21 
degrees) and 0.91 (SEM = 0.84 degrees) for the left and right 
feet, respectively.

DISCUSSION

Our findings were that the navicular drop test did not 
distinguish the ACLI group from the ACLU group and that the 
calcaneal stance measure differs between left and right feet. 
These findings differ from the results of Beckett et al2 and 
Woodford-Rogers et al. 3 Beckett et al2 found a significantly 
greater amount of navicular drop in ACL-injured subjects as 
compared to ACL-uninjured subjects. Although our measure 
ment procedure for navicular drop was identical to that of 
Beckett et al,2 our study differed in the number of testers and 
in the subject population. For example, our total subject 
population was 28 subjects in comparison to the 100 subjects 
used by Beckett et al.2 Of the 50 ACL-injured subjects (39 
male, 11 female) in the study by Beckett et al, 2 23 had been 
injured in a contact situation and 27 had been injured in a 
noncontact situation. All of our ACLI subjects had a noncon- 
tact mechanism as their history of injury.

The noncontact-injured subjects in the study by Beckett et 
al2 had average navicular drop scores of 13.2 ± 4.1 mm and 
12.7 ± 3.7 mm for the right and left feet, respectively. These 
scores were much greater than our ACLI group, which had 
means of 6.33 ±3.11 mm and 7.17 ± 4.17 mm for the injured 
and uninjured feet, respectively. One possible explanation for 
this difference is that a majority of the ACL-injured subjects in 
the study by Beckett et al2 were male (39 male, 11 female). It 
is possible that, because males on average tend to be taller than 
females, they may have higher arches, resulting in more 
distance for the navicular to drop.3

Woodford-Rogers et al3 also found ACL-injured subjects 
had a significantly greater navicular drop than ACL-uninjured 
subjects. Once again the methodology for the navicular drop 
test was identical to ours. However, they matched the ACLU 
and ACLI groups by team, position, and extent of participation. 
Thus, it is possible that by matching, they were able to 
eliminate extraneous factors that prevented us from having 
significant findings.
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With regard to the calcaneal stance test, it is difficult to 
make comparisons with Woodford-Rogers et al 3 because of 
differences in measurement procedures. Nevertheless, it is 
interesting to note that they were not able to successfully 
predict ACLI and ACLU group membership and that we found 
the calcaneal stance test scores of the ACLU group's left and 
right feet to be significantly different. This difference may 
explain why Woodford-Rogers et al3 were unable to predict 
group membership. Because of this difference, we were unable 
to justify using the ACLI subjects' uninjured legs as their 
preinjury state for this test, and, thus, did not include it in the 
regression analysis to predict group membership.

One possible explanation for the left and right feet being 
significantly different in the ACLU group is the difference in 
girth measurements of the calves. If the two calves of one 
person have unequal girth measurements, then the midpoint of 
each calf may be different. This difference of the midpoints 
would affect the size of the calcaneal stance measure. There 
fore, girth measurements of the calves, rather than just the 
midpoint, should become part of the testing protocol for the 
calcaneal stance test.

In addition to the regression analysis, the reliability of both 
measures was also evaluated. One study has examined the 
reliability of the navicular drop test. However, previous studies 
examining the reliability of the calcaneal stance test could not 
be found. For the navicular drop test, Picciano et al 12 had two 
inexperienced testers measure thirty feet on two separate days 
using the Brody method. 10 This allowed for assessment of 
inter- and intratester reliability. They reported the intertester 
ICC, using formula (1,1), to be 0.57 with an SEM of 2.72 mm. 
For the intratester reliability, they reported ICCs for the two 
testers of 0.61 and 0.79 with SEMs of 2.57 and 1.92 mm, 
respectively. Their results for intratester reliability are lower 
than ours. One reason for these differences may be due to the 
different ICC formulas used in the studies. ICC (1,1) is more 
conservative than formula (2,1) and produces smaller values. 
Based on the recommendations of Shrout and Fleiss, 1 1 formula 
(2,1) is the most appropriate formula for intratester reliability 
assessment. Thus, we believe our ICCs more accurately esti 
mate the reliability of these measures.

Based on the regression analysis, it was not possible to 
predict group membership from navicular drop scores. As 
such, our findings do not support static hyperpronation as a 
possible risk factor for ACL injuries. However, it should be 
cautioned that this and previous studies2 '3 are based on the 
assumption that the uninjured leg is representative of the 
preinjury state. Unfortunately, there is no way to validate this 
assumption without conducting a prospective study. In other

words, it is possible that navicular drop, as measured in our and 
other studies, may or may not predict ACL injury because of 
biomechanical changes in the uninjured leg resulting from 
changes in the injured leg. Thus, we strongly recommend 
further study. Our suggestions are to perform a prospective 
study and to standardize the techniques of both the navicular 
drop test and the calcaneal stance test so that reliability is more 
consistent. We also suggest further research using dynamic 
measurements of pronation. McPoil and Cornwall 13 and Ha- 
mill et al 14 have found that static measurements of pronation 
do not indicate that excessive pronation will occur during 
dynamic activity. Finally, more research should be conducted 
on other possible anatomic risk factors.
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The Effects of Spatting and Ankle Taping on 
Inversion Before and After Exercise
Troy S. Pederson, MS, ATC; Mark D. Ricard, PhD; Gaye Merrill, MS, ATC; 
Shane S. Schulthies, PhD, PT, ATC; Philip E. Allsen, EdD

Objective: To compare the effects of spatting, taping and 
spatting, taping, and not taping on the amount and rate of 
inversion of the ankle before and after exercise.

Design and Setting: We filmed subjects at 60 Hz while they 
stood on a platform that suddenly inverted the right ankle. Five 
trials were measured before and after a 30-minute period of 
drills.

Subjects: We tested 15 male rugby players with no history of 
lower-leg injury within the previous 6 months limiting activity for 
more than 2 days.

Measurements: The amount and rate of inversion in the four 
conditions were digitized and analyzed.

Results: The combination of spatting and taping was the 
most effective in reducing inversion rate and range of motion 
before and after exercise.

Conclusions: All three taping treatments were effective in 
reducing the amount and rate of inversion. Exercise loosened 
the tape, but there may be a functional restriction of the amount 
and rate of inversion after exercise.

Key Words: spatting, ankle taping, taping, sprain, inversion, 
ankle injury, video analysis, external supports

S ports-related injuries are common to the ankle, and the 
lateral ligaments of the ankle are the most commonly 
sprained. 1 '2 Taping the ankle is a common practice. 

Researchers examining the effectiveness of ankle taping sug 
gest that taping reduces ankle injuries. 3"5 Others, however, 
dispute the effectiveness of ankle taping.6 " 8 Researchers have 
addressed the effect of tape on the prevention of excess 
motion.7 '9 "14 Ankle taping can cause a significant reduction in 
the range of motion at the ankle when compared with the range 
of motion of an untaped ankle. A reduction in ankle range of 
motion caused by external support decreases the frequency of 
ankle injury. 3 ' 15 ' 16 It must be noted, however, that the support 
provided by taping diminishes by approximately 21% after a 
short bout of exercise. 17"20

Spatting is an ankle taping technique that involves the 
application of the tape over both the shoe and the sock of the 
athlete in an attempt to counteract the 21% diminishment in the 
support of the tape. This procedure is common among some 
athletic trainers who work with sports where cleats are worn, 
such as football, rugby, and soccer.

The purpose of this study was to compare the effects of 
spatting, combination of spatting and taping, conventional 
ankle taping, and not taping on the amount and rate of 
inversion of the ankle before and after exercise.

MATERIALS AND METHODS

The subjects were 15 male rugby players (age = 22.9 ± 3.3 
yr, ht = 180.1 ± 6.1 cm, wt = 83.4 ± 10.5 kg) who

Troy S. Pederson was affiliated with Brigham Young University at the 
time this research was conducted. Mark D. Ricard is an associate 
professor of physical education, Gaye Merrill is program director of the 
Athletic Training Program, Shane S. Schulthies is an assistant profes 
sor of physical education, and Philip E. Allsen is a professor of physical 
education at Brigham Young University.

volunteered for the study and had no history of lower leg injury 
within the previous 6 months limiting activity for more than 2 
days. Subjects were not permitted to participate if they exhib 
ited any of the following: lower extremity nervous system 
impairment, fractures or surgery of either ankle, or abnormal 
range of motion in the ankle joint as defined by Magee. 21 Each 
subject read and signed an institutionally approved informed 
consent form before participating in the study.

Materials and Instrumentation

The platform we used (Fig 1) produced a sudden inversion 
of the right ankle to 35°. This platform is similar to platforms 
used in other studies. 22"24 We positioned a shuttered video 
camera (Panasonic AG-450), set at 1/500 of a second, approx 
imately 5 m behind the subject and 60 cm off the ground, to 
record motion in the frontal plane at 60 frames per second. We 
conducted a pilot test to verify that the shutter speed of 1/500 
of a second and filming speed of 60 Hz were adequate to avoid 
blurring of the motion and to provide a sufficient number of 
frames to quantify the maximum rate of inversion.

Testing Protocol

We tested ankle inversion range of motion and rate of 
inversion under four conditions: untaped, taped, taped and 
spatted, and spatted. We randomly assigned the subjects a 
number and counterbalanced the order of the treatments to 
control for possible sequence and order effects. Each subject 
was then videotaped on an inversion platform (Figs 2 and 3) 
before and after a 30-minute period of rugby drills conducted 
by the rugby coach. The drills included different forms of 
lateral cutting and forward running. One-centimeter reflective 
tape markers were placed on the gastrocnemius, the Achilles 
tendon, and the top and bottom of the shoe on the right leg of 
each subject.25 These reflective markers were used to detect the
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Fig 1. Inversion platform used to produce sudden inversion of the 
ankle. Subjects stood on the platform balanced on the right leg. 
The string on the right was pulled out, which allowed the platform 
to drop through an angle of 35°.

inversion-eversion of the calcaneus relative to the lower leg 
when the subject was dropped into inversion. We positioned 
the subject on the platform with the lateral border of the right 
foot touching the side bar on the platform. Each subject was 
told to put all of his weight on the right foot and to just balance 
himself with the toes of his left foot to avoid shifting his weight 
to the left foot as the platform dropped. Before being tested on 
the first day, each subject was given two test drops to 
familiarize him with the protocol. We told the subjects to look 
forward while the platform dropped into inversion.

Taping Methods

We used Mueller (5 cm) elastic tape and foam prewrap 
(Mueller Sports Medicine, Inc, Prairie du Sac, WI), and Jaybird 
(5 cm) zinc oxide tape (Jaybird & Mais Athletic Products, 
Lawrence, MA) for taping and spatting. We used standard 
ankle taping techniques as described by Juvenal.26 These 
standard techniques included anchors, stirrups, heel locks, and 
figure eights. When spatting the subjects, we placed prewrap 
over the shoe and sock, then anchored with white tape just 
below the base of the gastrocnemius. We spiraled 5-cm 
conform tape down from the anchors to the ankle and then 
applied two heel locks around the ankle, making sure the 
conform fit between the cleats. We finished the spatting by 
covering up the conform with white tape using the same 
technique for taping the ankle. The same athletic trainers 
applied the ankle taping and spatting over the 4 days of testing.

Fig 2. Inversion platform with subject in balanced position before 
the sudden inversion on the ankle.

Fig 3. Inversion platform with the subject standing on the platform 
and his ankle inverted after the inversion platform has gone into a 
sudden inversion.

Data Processing and Analysis

All video sequences were analyzed using an Ariel Video 
Analysis system (Ariel Dynamics, Inc, San Diego, CA). The 
Ariel hardware included a 486 AST computer, two video 
monitors, and a Panasonic AG-6750A VCR. We used version
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6.5 of the Ariel Performance Analysis Software for frame 
grabbing and digitizing. The Ariel video analysis system was 
accurate to less than 3 mm for 3-D measurements and less than 
0.3° for angular measurements.27 Five trials per subject by 
condition (untaped, combination of spatting and taping, taped, 
and spatted) and exercise (before and after) were digitized 
beginning 5 frames before the drop of the platform until 20 
frames after the platform dropped.

We calculated rearfoot angles from the raw x- and v- 
coordinates of the four body landmarks and smoothed them 
using a Butterworth second-order, recursive digital filter with a 
cutoff frequency of 10 Hz.25 To find the rate of inversion we 
used the first central difference formula. 12 We calculated the 
inversion-eversion angles by subtracting the angle of the rear 
of the shoe to the right horizontal from the angle of the lower 
leg to the right horizontal. Positive angles represented inver 
sion and negative angles represented eversion.

We filmed the subjects on four separate days, which made it 
necessary to report rearfoot angles as relative angles to account 
for differences in marker placement on the subject between 
testing sessions. For example, on day 1, a subject might have 
had an initial rearfoot angle of —5° while standing balanced on 
the inversion platform; after the platform dropped, the subject 
might have inverted to a final angle of +20°. The amount of 
inversion for this subject would be 25°. On day 2, the subject 
might have had an initial rearfoot angle of —7°, due to different 
marker placement, and a final angle of +18°. The amount of 
inversion would again be 25°. We determined the amount of 
inversion as the difference between the initial rearfoot angle, 
when the subject was standing balanced on the inversion 
platform, and the maximum inversion angle obtained by the 
subject after we released the platform (Fig 4). From the 
rearfoot angular velocity curve we calculated the maximum 
rate of inversion (Fig 5). We computed five-trial averages of 
the amount of inversion and the maximum rate of inversion for 
each subject and each condition before and after exercise.

Statistical Analysis

We performed a 2 X 4 factorial repeated measures analysis 
of variance to identify significant differences by levels of
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Fig 4. Typical rearfoot angle vs time graph. The amount of inversion 
produced by the sudden inversion of the platform.
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Fig 5. Typical rate of inversion vs time curve produced by the 
sudden inversion platform.

exercise (before and after) and condition (untaped, taped, 
spatted, taped and spatted) among the five-trial averages for 
rate and amount of ankle inversion. We did post hoc tests on 
significant interaction or main effects using a Tukey post hoc 
test with the Bonferroni correction to avoid possible Type I 
errors, with alpha set at 0.05.

RESULTS

Means and standard deviations for amount and rate of 
inversion are presented by treatment and exercise conditions in 
the Table. There was an interaction between condition and 
exercise on the amount of inversion [F(3,42) = 7.5 l,p = .00]. 
Before exercise, all pairwise comparisons of the amount of 
inversion were significantly different except for the tape 
condition (21.5°), which was not different from the spatting 
condition (20.1°). All pairwise comparisons of the amount of 
inversion were significantly different after exercise. The 30- 
minute exercise bouts resulted in a significant increase in the 
amount of inversion for the taped, taped and spatted, and 
spatted treatments. The amount of inversion during the untaped 
condition changed from 32.9° before exercise to 33.5° after 
exercise.

There was a significant condition by exercise interaction for 
the rate of inversion [F(3,42) = 5.57, p = .003]. Before 
exercise, all pairwise comparisons of the rates of inversion 
were significantly different except the tape condition (268.7 
deg/sec), which was not different from the spatting condition 
(257.3 deg/sec). All pairwise comparisons of the rate of

Means and Standard Deviations for Amount of Inversion and 
Rate of Inversion by Exercise and Treatment Levels (Mean ± SD)

Amount of Inversion 
(dag)

Before After 
Exercise Exercise

Rate of Inversion 
(deg/sec)

Before After 
Exercise Exercise

Untaped 32.9 ± 6.2 33.5 ± 6.9 460.1 ± 105.0 452.3 ± 103.3
Taped 21.5 ± 5.2 27.0 ± 5.4 268.7 ± 59.0 349.2 ± 63.0
Spatted & taped 15.6 ± 3.7 18.0 ± 3.4 198.7 ± 52.8 236.0 ± 34.3
Spatted 20.1 ± 3.4 22.3 ± 5.0 257.3 ± 34.0 292.3 ± 68.3
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inversion were significantly different after exercise. The 30- 
minute exercise bouts resulted in a significant increase in the 
rate of inversion for the taped, taped and spatted, and spatted 
treatments. The rate of inversion during the untaped condition 
did not change from 460.1 deg/sec before exercise to 452.3 
deg/sec after exercise.

DISCUSSION

Ankle taping significantly restricts inversion when com 
pared with an untaped ankle. 19 '20 '28 Tape loosens approxi 
mately 21% within a short period of exercise, leaving the ankle 
joint with only limited protection.20 Researchers have found 
that external support (eg, ankle taping or ankle bracing) 
reduces the number of ankle injuries. This is accomplished by 
a reduction in the range of motion (ROM) at the ankle joint. 
However, this reduction in ROM has been attributed to a 
decrease in performance. 18 Ankle taping is effective in reduc 
ing ankle injuries. 3"5 Rovere et al8 reported that applying 
external support to the ankle reduced the number of injuries by 
66%. The reduction of ankle injuries may be due to the external 
support's decreasing the inversion-eversion ROM of the an kle. 3 ' 15 ' 16

We used weight-bearing sudden inversion to test the effec 
tiveness of three taping procedures (combination of spatting 
and taping, spatting alone, and conventional ankle taping) 
when compared with not taping on reducing the amount and 
rate of inversion. The ankle taping treatment reduced the ROM 
by 1 1.5° (35%) before and 6.6° (20%) after the exercise. The 
rate of inversion was 268.7 deg/sec before and 349.2 deg/sec 
after exercise, a reduction of 42% and 23% over values during 
trials without tape. The combination of spatting and taping 
treatment reduced the ROM by 17.3° (53%) before and 15.5° 
(46%) after the exercise. The rate of inversion went from 198.7 
deg/sec before to 236.0 deg/sec after exercise, a reduction of 
57% and 48% over values during trials without taping. Spatting 
alone reduced the ROM by 12.9° (39%) before and 11.2° 
(33%) after exercise. The rate of inversion went from 257.3 
deg/sec before to 292.3 deg/sec after exercise, a reduction of 
44% and 35% over values during trials without tape. The three 
taping procedures significantly reduced the amount and rate of 
inversion before and after exercise, with the combination of 
spatting and taping being the most effective, spatting alone 
being next most effective, and the taping treatment being the 
least effective. All three taping treatments were significantly 
better than the untaped treatment before and after exercise.

Spatting is a practice that is not appropriate for athletes in all 
sports because the tape on the bottom of the shoe would reduce 
its traction. In sports that use shoes with cleats, a combination 
of taping and spatting is effective in reducing inversion range 
and rate of motion; however, spatting alone is effective if time 
does not allow for ankle taping to the skin. The combination of 
spatting and taping was effective in reducing the amount and 
rate of inversion after 30 minutes of exercise by 9° over the 
conventional ankle taping treatment. Spatting alone was effec 
tive in reducing an additional 4.7° the amount of inversion after 
the 30 minutes of exercise, not a significant increase over the 
conventional taping treatment.

Two possible explanations for the advantage the combina 
tion of spatting and taping had over conventional ankle taping 
are the perpendicular distance of the tape to the subtalar joint 
and the amount of tape applied to the ankle. In spatting, we 
apply the tape directly over the shoe. This procedure increases 
the perpendicular distance from the line of action of the tape to 
the subtalar joint. This increased perpendicular distance might 
account for a greater mechanical resistance to inversion when 
compared with a conventional ankle taping. The increased 
distance could result in a longer resistance arm that could in 
turn resist a greater force. Furthermore, in the taping and 
spatting condition, we applied a conventional ankle taping 
procedure and then applied additional tape over the shoe. This 
resulted in an increase in the amount of tape applied. It is 
possible that this additional tape application may explain the 
improved resistance to inversion observed in the taping and 
spatting condition, when compared with the taping condition.

The 30-minute exercise bouts resulted in an increase in the 
amount and rate of inversion. However, the taping treatments 
limited the amount and rate of inversion. After exercise, taping 
restricted motion 6.5°, combined spatting and taping 15.5°, and 
spatting alone 11.2° when compared with the untaped treat 
ment. After exercise, taping restricted the rate of inversion 
103.1 deg/sec, combined spatting and taping 216.2 deg/sec, 
and spatting alone 160 deg/sec when compared with the 
untaped treatment. All three taping treatments were effective in 
reducing the rate and amount of inversion over the untaped 
treatment. A combination of spatting and taping is the most 
effective in reducing the rate and amount of inversion before 
and after exercise. Exercise loosens the tape, but there may be 
a functional restriction of the rate and amount of inversion after 
exercise, which may be beneficial in preventing injuries.
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Proprioceptive Neuromuscular Facilitation 
Techniques in Sports Medicine: A 
Reassessment
Paul R. Surburg, PhD, RPT; John W. Schrader, HSD, ATC

Objective: The purpose of this survey was for comparison 
with a similar 1981 survey to determine if proprioceptive 
neuromuscular facilitation (PNF) techniques are being imple 
mented in the same manner today.

Design and Setting: The survey was made available at the 
1993 NATA Clinical Symposium.

Subjects: The subjects were 131 athletic trainers represent 
ing all major national athletic conferences who attended the 
1993 NATA Clinical Symposium and who stated that they used 
PNF exercise in their practice.

Measurements: The survey consisted of 15 questions deal 
ing with academic preparation, years of practice, scope and 
method of preparation in PNF, application of nine PNF tech 
niques to various joints and regions of the body, and the most 
successful use of PNF techniques.

Results: PNF techniques are most frequently applied during 
rehabilitation of the knee, shoulder, and hip, similar to 1981

except that the use of these techniques during ankle rehabili 
tation has increased. In both studies, the most frequently used 
techniques were contract-relax and hold-relax. Two techniques 
not surveyed in 1981, contract-relax-contract and hold-relax- 
contract, are becoming techniques of choice for elbow, wrist, 
hip, and knee rehabilitation. The use of PNF techniques in the 
muscle re-education phase of rehabilitation is an application 
identified in this survey not cited by athletic trainers in the 1981 
survey.

Conclusions: Proprioceptive and kinesthetic deficits are 
known to occur after certain types of injuries, and the use of 
PNF techniques to correct these problems is a natural applica 
tion. A contemporary trend in exercise rehabilitation is multi- 
planar exercises, which are typified by PNF techniques.

Keywords: proprioception, neuromuscular, facilitation, inju 
ries

How do athletic trainers use proprioceptive neuromuscu 
lar facilitation (PNF)? More specifically, what PNF 
techniques have athletic trainers found to be effective 

in treating injuries in specific areas of the body? The response 
to this question will vary in context and scope.

Several reasons for response variability will be briefly 
examined in this introductory section. In accredited athletic 
training programs, undergraduate athletic training students are 
exposed to PNF. Students are expected to understand the 
underlying principles of this system and glean concepts related 
to application. The scope of coverage is predicated upon the 
preparation and practical experience of the instructor in PNF. 
Thus, the reply to the question regarding application of PNF 
techniques may be brief and vague for some athletic trainers. 
The information in this study should expand knowledge of 
PNF applications and possibly provide new insights for effec 
tive use and variations.

A brief review of the literature on PNF techniques and their 
applications is provided in the following paragraph. While 
these studies provide some guidance for PNF application, one 
must be aware that the majority of these studies involve 
subjects with no type of athletic injury. By contrast, the 
responses of athletic trainers in this study relate to treating 
injured athletes.

Numerous investigations establish PNF techniques as more 
efficacious treatments than traditional static stretching exer-

Paul R. Surburg is a professor and John W. Schrader is coordinator 
of the athletic training program in the Department of Kinesiology, 
Indiana University, Bloomington, IN 47405.

cises for range of motion or flexibility enhancement. l 3 Treat 
ment modalities used with PNF techniques have been exam 
ined to ascertain the relative merits of combination treatments. 
Results of studies applying cryotherapy with PNF are mixed in 
nature.4'5 Using the Hoffman reflex to assess motor unit 
recruitment, results show that PNF techniques produce a strong 
but brief neuromuscular inhibition.6 While investigating the 
role of PNF techniques for flexibility development, a physical 
therapist reported a significant increase in hamstring flexibility 
of the contralateral, nonexercised leg with the contract-relax 
technique. This transfer effect provides additional evidence of 
neurological mechanisms operating with PNF applications. 2 A 
study by Hardy 1 provides insights into certain applications and 
modifications of PNF techniques. He examined duration of 
isometric contractions and found 6 seconds to be the ideal 
length of contraction time for the hold-relax technique. An 
other finding is that this hold-relax procedure may be more 
effective when an isotonic contraction of the hip flexors 
follows the isometric contraction of the hip extensors. This 
modification, called hold-relax-contract, was incorporated into 
our study.

There is a paucity of data about the application of PNF for 
injured athletes at the high school and college levels. While 
athletic trainers should be cognizant of data-based, quasi- 
experimental studies,7"9 it is important for them to gain 
insights into PNF practices implemented by their peers, 
thereby adding to a valuable body of knowledge in the area of 
rehabilitation. In essence, this survey represents the "best 
practice" in over 131 case studies.
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Over a 13-year period, aspects of therapeutic exercise or 
protocols have changed in emphasis, role, and importance. 
Isokinetic exercises were the exercise of choice 13 years ago 
for various aspects of the rehabilitation process and considered 
"cutting edge" protocols. While isokinetic exercises are still 
important in rehabilitation, closed kinetic chain exercises are 
considered vital in many contemporary therapeutic protocols. 
Along with changes in priority and usage among types of 
exercises, there may also be application changes within a 
therapeutic regimen. Are certain PNF techniques being used 
more frequently or differently in contemporary rehabilitation 
programs than in 1981? The purpose of this study was to 
compare this survey with a 1981 study 10 to determine if PNF 
techniques are being implemented in the same manner as 13 
years ago.

METHODS

One hundred and thirty-one athletic trainers participated in 
this study and represented all major athletic conferences in the 
United States. The survey instrument was made available at the 
1993 National Athletic Trainers' Clinical Symposium. Survey 
instruments were available on a table in the registration area. 
Potentially all registered athletic trainers, approximately 8,000, 
could have participated. Participants were asked to complete 
this survey only if they used some type of PNF exercise. As 
with the 1981 study, athletic trainers were selected because 
they either inaugurate and supervise the use of PNF techniques 
or administer these exercises based upon a physician's recom 
mendation.

The foundation of this therapeutic system is predicated upon 
the involvement of four neurophysiological mechanisms: re 
flexes, resistance, irradiation, and successive induction. Irradi 
ation is the "spread of excitation in the central nervous system 
which causes contraction of synergistic muscles in a specific 
pattern." 11 Successive induction refers to contraction of an 
agonist muscle group followed by activation of the antagonist 
muscle group.

A key component in PNF is the execution of movement in 
diagonal, spiral patterns. 12" 14 Some of the PNF techniques 
discussed in succeeding paragraphs are executed in the cardinal 
planes rather than diagonal, spiral patterns. These modifica 
tions of PNF techniques will be designated as Facilitation 
Patterns. Diagonal patterns accompanied by resistance are 
intended to elicit irradiation and muscle recruitment. Detailed 
explanations of PNF may be found in various publica-
trons. 13-15

Nine different PNF techniques were surveyed in this study. 
Seven were included in the 1981 study and were based upon 
the work of Kabat 11 and Knott and Voss 12 : repeated- 
contraction, rhythmic-initiation, slow-reversal, slow-reversal- 
hold, rhythmic-stabilization, contract-relax, and hold-relax. 
Two additional techniques included in this study, contract- 
relax-contract and hold-relax-contract, were based upon the 
work of Hardy 1 and represent modifications of hold-relax and 
contract-relax techniques. Respondents identified use of these 
techniques for the following joints: neck, shoulder, elbow/ 
wrist, fingers, back, hip, knee, and ankle.

As with the 1981 study, an open-ended question was 
included in the survey. Athletic trainers were asked to describe 
their most successful use of PNF techniques. Ninety-two 
(70%) individuals provided additional insights into PNF or 
Facilitation Patterns use through this question. The frequency 
and nature of the responses in this portion of the survey were 
similar to and seem to validate the responses of the multiple 
choice portion of this instrument. While frequency of use for 
the nine techniques is not synonymous with technique efficacy, 
it would seem evident that the pragmatic athletic trainer would 
discontinue application unless satisfactory results are obtained.

The instrument consisted of 15 questions. Questions 1 
through 4 dealt with academic preparation, years of practice, 
and scope and method of preparation in PNF. The next 7 
questions dealt with the application of the nine PNF techniques 
to various joints and regions of the body. Following the 
open-ended question, all nine PNF techniques were succinctly 
described. The first few sentences in each succeeding para 
graph are a paraphrase of the technique description.

Repeated-Contraction

This technique involves executing diagonal, spiral-patterned 
movements against resistance several times through a full 
range of motion. The athletic trainer selects the diagonal 
pattern that will enhance the strength or movement of a 
targeted muscle or muscle group. A vital element in PNF is the 
diagonal spiral pattern, which serves as a basis of movement 
for the various techniques. These diagonal patterns with a 
rotary component involve movements in three dimensions with 
sequential, and at times, simultaneous movement at several 
joints. Motions are initiated distally and proceed proximally. 
Patterns are named according to their finished position. For 
each direction there are two basic patterns (Fig 1). For the 
shoulder the motions are flexion-adduction-external rotation, 
also referred to as Dl, and flexion-abduction-external rotation, 
also referred to as D2. Reciprocal or antagonist patterns are 
implemented with certain PNF techniques. Extension- 
abduction-internal rotation and extension-adduction-internal 
rotation are the reciprocal shoulder patterns. One could substi 
tute hip for shoulder and repeat the pattern sequences for Dl 
and for D2; the rotation motion would change from external to 
internal rotation or vice versa for the D2 sequences.

EXTENSION EXTENSION

Fig 1. The PNF technique of repeated contraction involves execut 
ing diagonal, spiral-patterned movements against resistance sev 
eral times through a full range of motion. Shown here are the two 
basic patterns for the shoulder and hip.
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Rhythmic-Initiation

An athletic trainer passively ranges the athlete through a 
diagonal spiral pattern of motion. As the athlete relaxes, the 
athletic trainer asks the athlete to assist the movements. 
Movements are repeated with gradual resistance applied by the 
trainer to the diagonal spiral movements. This is a four-stage 
progression involving passive, active assistive, active, and 
resistive movements. These movements may be executed in 
agonistic or antagonistic patterns. The final stage of rhythmic- 
initiation is essentially the repeated contraction technique. 
Voss et al 14 state that "this technique involves voluntary 
relaxation, passive movement, and repeated isotonic contrac 
tions of the major muscle components of the agonistic pattern." 
The following five techniques (No. 3-No. 7) closely follow 
PNF techniques as developed by Kabat. !!

Slow-Reversal

Maximum resistance is applied to an isotonic contraction of 
the antagonistic pattern; this is immediately followed by an 
isotonic pattern of the agonistic muscles. Benefits ascribed to 
this technique are strength development of antagonistic muscle 
groups, improved action of agonistic muscles, and facilitation 
of reversal muscular action.

To enhance flexibility or range of motion, a Facilitation Pattern 
of this technique might be implemented. For increasing ham 
string flexibility, the athletic trainer would passively flex the 
leg at the hip with the knee in extension. When the hamstrings 
are in an elongated position with sufficient resistance to 
additional hip flexion, the athlete is told to isotonically extend 
at the hip as the athletic trainer applies resistance to this motion 
in the sagittal plane. After the leg is back to the original or 
resting position and the athlete has been told to relax the leg 
muscles, the athletic trainer will again passively flex the leg at 
the hip joint. The initiation of this passive motion denotes the 
inauguration of a second repetition. Enhancement of limited 
range of motion is often cited as the rationale for utilizing this 
technique. 14' 16

Hold-Relax
This technique is very similar to contract-relax except that 

the antagonistic muscle pattern with all components, including 
rotation, is resisted sufficiently to cause an isometric rather 
than an isotonic contraction. All other facets of this technique 
are identical to contract-relax. If a Facilitation Pattern modifi 
cation of this technique is implemented, motions and isometric 
contractions take place in a cardinal plane; for the hamstrings, 
the sagittal plane would be used.

Slow-Reversal-Hold

This technique is identical to slow-reversal except at the 
termination of each pattern sufficient resistance is applied to 
cause an isometric contraction. This technique may be per 
formed through a full or partial range of motion. Some athletic 
trainers believe this technique may be used to develop strength 
at specific points in a range of motion. 16

Rhythmic-Stabilization

The athletic trainer applies resistance to cause an isometric 
contraction of the agonistic muscle pattern. This contraction is 
followed immediately by an isometric contraction of the 
antagonistic muscle group. This technique may be done in a 
diagonal spiral pattern (PNF) or in the cardinal planes (Facil 
itation Patterns). The latter approach is found in Cailliet's 17 ' 18 
work. He maintains that this technique increases strength, 
improves local blood supply, and increases range of motion.

Contract-Relax

An athletic trainer passively moves an extremity through an 
agonistic pattern until resistance is felt. At this point the athlete 
is told to isotonically contract the antagonistic muscle groups 
in a diagonal spiral pattern as the therapist provides resistance 
to these movements. Voss et al 14 maintain that the resistance 
provided by the therapist should allow the athlete some 
rotatory movement but should prevent movement of the other 
components of the pattern. Following this contraction the 
athlete is told to relax, and after a brief interval the therapist 
passively moves the extremity again into the agonistic pattern.

Contract-Relax-Contract
The athletic trainer passively moves the extremity until 

resistance is felt. At this point the athlete is told to isotonically 
contract the antagonistic muscle groups. This is followed by an 
isotonic contraction against resistance of the agonistic muscles. 
Following this contraction the athlete is told to relax all 
muscles and the initial starting position is established. This 
procedure may be repeated several times in a treatment session. 
Contract-relax-contract is a technique not included in the 1981 
study. Hardy 1 described it as an "active" technique. The 
isotonic contraction of the agonistic muscle groups at the 
culmination of this pattern is this "active phase." Using 
Hardy's nomenclature, hold-relax and contract-relax tech 
niques would be ascribed a "passive" designation.

Hold-Relax-Contract

This technique is similar to the contract-relax-contract with 
the only alteration being an isometric contraction of the 
antagonistic muscles rather than an isotonic contraction. There 
is evidence to substantiate the efficacy of this technique over 
the older hold-relax technique. 7

RESULTS

The survey instrument was designed to ascertain which PNF 
or Facilitation Patterns techniques were used at various joints 
of the body (Fig 2). Proprioceptive neuromuscular facilitation 
techniques were used most frequently for injuries to the knee 
(31%), shoulder (30%), hip (28%), ankle (27%), elbow/wrist 
(25%), neck (23%), back (15%), and fingers (12%).
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Fig 2. PNF techniques were used most frequently for injuries to the 
knee, shoulder, hip, ankle, elbow/wrist, and neck.

Neck and Upper Extremity Usage

Figure 3 shows the usage of the nine techniques for neck and 
upper extremity treatments. Contract-relax, the technique used 
most frequently with the neck, involves passive motion in one 
direction followed by resisted motion in the antagonistic 
pattern. Slow-reversal was opted as the second most frequently 
used technique. An area of commonality among these proce 
dures is neck motion in one direction followed by movement in 
the opposite direction. Slow-reversal, however, initially in 
volves movement by the antagonistic muscle groups, and 
contract-relax is begun with passive motion of the agonist 
muscles. A finding of this study was the decline in use of 
rhythmic stabilization for neck conditions.

The three most frequently applied techniques for shoulder 
rehabilitation are contract-relax, repeated-contraction, and 
hold-relax. Use of the latter two techniques has reversed since 
1981. Repeated contractions are cited as rehabilitation protocol 
for "throwing shoulder and shoulder strains." One respondent 
elaborates upon the implementation of repeated contractions, 
and emphasizes the use of spiral patterns along with rotation, 
flexion/extension, and abduction/adduction.

For the elbow/wrist areas, contract-relax, hold-relax, and 
contract-relax-contract were the three most frequently used 
techniques. In the 1981 study repeated-contraction was the 
second most frequently applied technique.

Back and Lower Extremity Injuries

As with the 1981 study, contract-relax and hold-relax were 
the techniques of choice for the hip region. In the open-ended 
question these techniques are often cited as successful rehabil 
itation procedures for hamstring problems. The sequencing of 
hold-relax followed by contract-relax was noted by several 
persons. As one peruses Figure 4, one sees that the hip 
designation could cover injuries to abductors, adductors, and 
the quadriceps.

Technique use at the knee parallels usage at the hip. The 
biarticular nature of certain muscle groups would again ac 
count for some of this duplication of the two most frequently 
selected techniques. Rhythmic-stabilization is not selected very 
frequently by respondents but is mentioned by several athletic 
trainers in the open-ended question. While the specificity of the 
injury was not delineated, motionless exercises have been 
suggested in managing chondromalacia patella. Hold-relax- 
contract was selected by one person to treat patella tendinitis. 
This technique and contract-relax-contract were being exten 
sively used for hip and knee problems.

Inspection of Figure 4 reveals that, as one descends the 
joints of the lower extremity, repeated-contraction becomes 
more frequently applied in rehabilitation situations. This same 
observation may be applied to rhythmic-initiation. Several 
participants cited the latter technique as the one found to 
provide the most success in treating ankle injuries. One athletic 
trainer stated,"[For] lateral ankle sprain I like to use slow 
reversal to maintain and gain strength." While not for exclusive 
use at the ankle, another trainer commented, "I have had 
success using PNF patterns in the swimming pool for both 
upper extremity and lower extremity muscular problems." 
Again, a more generic application was provided by another 
respondent: "The type I use most depends: for a very acute or
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Fig 3. Contract-relax and slow reversal were the PNF techniques 
used most frequently for injuries to the neck, while contract-relax, 
repeated contraction, and hold-relax were used most often for 
injuries to the shoulder.
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Fig 4. For injuries to the back and lower extremities, the use of 
repeated contraction and rhythmic initiation increased.
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painful athletic injury I will use hold-relax. For stretching I use 
contract-relax or slow-reversal and for re-education I use 
repeated-contraction."

DISCUSSION

A comparison of PNF use for various joints of the body 
revealed similar trends between this study and the 1981 
publication. In both studies knee, hip, and shoulder joints were 
the most frequently treated with PNF techniques.

The most radical departure in usage between the two studies 
is the ankle, which in our study replaces the neck among the 
top four joints. In the 1981 study, rhythmic stabilization was 
implemented more extensively than slow-reversal and con 
tract-relax. Rhythmic stabilization has been recommended as a 
mobilizing technique, 17 ' 18 and as a means to gain relaxation, 11 
increase strength, 15 and enhance circulation. 12 An athletic 
trainer notes, for throwing injuries, the use of repeated con 
tractions with flexion/extension, abduction/adduction, and ro 
tation incorporated into spiral patterns. A study by Blakely and 
Palmer 19 found with flexion, adduction, and external rotation 
pattern of the shoulder, lateral or external rotation occurred 
during the first phase of this pattern and medial rotation was 
evident during the last phase of this spiral pattern. This finding 
should be considered when selecting patterns for shoulder 
rehabilitation.

Contract-relax, hold-relax, and contract-relax-contract were 
the three most frequently used techniques for the elbow/wrist 
areas. The second most frequently applied technique in the 
1981 study was repeated-contraction. Contract-relax-contract 
technique was not included in that survey. While repeated- 
contraction and this technique are both isotonic in nature, 
contract-relax-contract involves motion of both antagonistic 
and agonistic muscle groups. This reciprocity of motion may 
enhance the rehabilitation process for these joints, because 
successive induction is a basic tenet of PNF.

For lower extremity rehabilitation, two techniques (contract- 
relax-contract and hold-relax-contract) are being applied more 
frequently than four of the original techniques. 11 While these 
two techniques were not included in the 1981 instrument, the 
open-ended part of the 1981 survey did not elicit responses 
about utilizing these techniques. In a relatively short period of 
time these techniques are becoming standard protocols for 
certain treatment situations.

In 1981, PNF exercises were being used as warm-up 
procedures. While this may continue to be the case, no one 
mentioned this usage in the present survey.

A role for PNF in the re-education phase of rehabilitation 
was identified by certain athletic trainers. There is documen 
tation that with certain types of athletic injuries proprioception 
and kinesthesis are adversely affected. A loss of kinesthetic 
sense after glenohumeral dislocations is identified in a study, 
and the use of PNF exercises to remediate this deficit is 
recommended.20 Two researchers emphasize the need to de 
velop proprioception, kinesthesia, and neuromuscular control 
for shoulder complex rehabilitation. 21 They suggest a type of 
plyometric training utilizing D2 movements. Additional clini 
cal and laboratory investigations are needed to ascertain how

the standard PNF techniques and elements of the therapeutic 
approach devised by these investigators may be used to 
enhance kinesthesia and neuromuscular control.

In like manner, additional investigations are needed to 
determine the optimal duration of isometrics contraction (hold) 
incorporated into PNF techniques. At the present time there is 
not a clear trend regarding this issue. Hardy's 1 work indicates 
6 seconds as an effective duration, but Nelson and Cornelius7 
found no significant differences among 3-, 6-, or 10-second 
isometric contractions. Two issues must be addressed when 
comparing these studies. First, different PNF techniques were 
used in these studies. Duration of the isometric contraction 
may be related to the type of PNF technique. Second, while 
Hardy found 6 seconds to be statistically significant, Nelson 
and Cornelius did not find any significant differences. One 
must be cautious about trying to prove a point by retaining the 
null hypothesis. In the present survey, no input was received 
about optimal duration of isometric contraction associated with 
the hold aspect of a technique. Four of the surveyed techniques 
did involve an isometric contraction in some aspect of the 
technique.

Respondents in certain cases did designate a type of athlete 
for whom a PNF technique was most effective. Repeated- 
contraction was cited as being effective for the throwing type 
of shoulder. Work done by a group of researchers8 indicates 
that different types of athletes (in their study endurance athletes 
and high-intensity athletes like volleyball players and sprinters) 
respond differently to contract-relax and a technique called 
agonist contract-relax. The possible interaction between a 
specific PNF technique and a certain type of athlete is a 
situation that the athletic trainer in the field should be cogni 
zant of and is a possible line of inquiry for the researcher.

CONCLUSION

Proprioceptive neuromuscular facilitation techniques incor 
porate movement in the three planes of the body. With the 
current emphasis on multi-planar exercises in treating athletic 
injuries, PNF procedures provide an effective means for 
delivering this type of approach. Specific techniques for 
treating various injuries and areas of the body are provided in 
this study by athletic trainers who have successfully applied 
them to injured persons.

Rehabilitation of injuries has transcended strictly strength and 
range-of-motion development. While increments in these areas 
are important, neurological and neuromuscular enhancement are 
vital in contemporary rehabilitation protocols. Proprioceptive and 
kinesthetic deficits do accompany many types of injury. Data 
from this study indicate that athletic trainers are using PNF 
techniques in the re-education phase of injury treatment.
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Objective: As the number of people infected with the Human 
Immunodeficiency Virus (HIV) continues to increase so does the 
likelihood that athletic trainers will treat HIV-positive athletes. 
The purposes of this study were to determine how knowledge 
able certified athletic trainers in Pennsylvania are about HIV/ 
AIDS and their attitudes toward treating the injuries of HIV- 
positive/AIDS athletes. Another purpose of this study was to 
determine what effect the athletic trainers' HIV/AIDS attitudes 
had on their HIV/AIDS knowledge level.

Design and Setting: A questionnaire was mailed to 807 
NATA-certified athletic trainers who resided in the state of 
Pennsylvania. A total of 410 (50.8%) athletic trainers partici 
pated in the study: 241 (58.8%) males and 169 (41.2%) 
females.

Subjects: NATA-certified athletic trainers who resided in the 
state of Pennsylvania as of March 19, 1994.

Measurements: A questionnaire was developed by the 
investigators after reviewing the appropriate literature and in 
consultation with a panel of experts that consisted of athletic 
trainers, physicians, and a health educator who specialized in

HIV/AIDS education. The questionnaire consisted of three 
sections: demographic information, HIV/AIDS knowledge, and 
HIV/AIDS attitude. Returned questionnaires were analyzed via 
descriptive (frequencies, percentages, and means) and inferen 
tial statistics. Univariate analysis consisted of independent t 
tests to determine what effect the athletic trainers' HIV/AIDS 
attitudes had on their HIV/AIDS knowledge level.

Results: NATA-certified athletic trainers in Pennsylvania are 
moderately knowledgeable about HIV/AIDS and have construc 
tive attitudes in treating the athletic injuries of HIV-positive/ 
AIDS athletes. Their major concern, however, is fear of HIV 
transmission. It was further determined that differences in 
HIV/AIDS attitudes had no effect on HIV/AIDS knowledge level.

Conclusions: The likelihood that athletic trainers will treat 
HIV-positive athletes is ever increasing. HIV/AIDS education 
and appropriate clinical precautions are paramount in protect 
ing the clinician and athlete alike.

Key Words: survey, athletic trainer, knowledge, attitude, 
HIV/AIDS

Acquired Immunodeficiency Syndrome (AIDS) is 
caused by the Human Immunodeficiency Virus (HIV). 
Health care workers and professionals in the general 

population are concerned with being exposed to HIV/AIDS as 
a result of their job duties and responsibilities. Athletic trainers 
have similar concerns because the athletes they provide health 
care services to are a microcosm of society at large.

Several studies have been conducted to determine the 
knowledge and attitudes that health care professionals have 
toward treating HIV-positive (HIV+)/AIDS patients. Held 1 
investigated 103 undergraduate physical therapy students to 
determine the efficacy of blood-borne pathogen education on 
their attitudes toward treating AIDS patients. She determined 
that students who received this education were more willing to 
treat HIV+/AIDS patients than students who did not. Richard 
son2 determined that physicians felt they lacked adequate 
medical knowledge and experience in treating AIDS patients 
and needed more clinically based HIV/AIDS training. Gerbert3

Morgan Boyle, Michael Sitler, and Iris Kimura are affiliated with the 
Department of Physical Education, Temple University, Philadelphia, PA 
19122. Kenny Rogers is affiliated with the Joe Torg Center for Sports 
Medicine, Hahnemann University Hospital, Philadelphia, PA. A. J. Duffy 
III is affiliated with the Department of Athletics, Widener University, 
Chester, PA.

reported that education was beneficial in improving the knowl 
edge and attitudes of dentists toward treating AIDS patients. 
Snyder4 determined that dental hygienists were knowledgeable 
about HIV/AIDS, but despite this knowledge, only a few of the 
universal precautions as recommended by the Occupational 
Safety and Health Administration5 (OSHA) were followed.

The purposes of this study were to determine how knowl 
edgeable certified athletic trainers in Pennsylvania were about 
HIV/AIDS and what their attitudes were toward treating 
injuries of HIV+/AIDS athletes. Another purpose of this study 
was to determine what effect the athletic trainers' HIV/AIDS 
attitudes had on their HIV/AIDS knowledge level.

METHODS

Subjects

The subject pool for this study consisted of 807 NATA- 
certified athletic trainers who resided in the state of Pennsyl 
vania. A total of 410 (50.8%) athletic trainers participated in 
the study: 241 (58.8%) males and 169 (41.2%) females.

The average age of the respondents was 32.03 ± 7.19 years. 
Information concerning route of NATA certification, highest 
level of education, and primary place of athletic training
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employment is presented in Tables 1 and 2. Appropriate 
institutional review board approval of the study was gained 
prior to initiation of the study. Subject anonymity was main 
tained throughout the study.

Instrumentation

The data collection instrument (DCI) was developed by the 
investigators after reviewing the appropriate literature and in 
consultation with a panel of experts that consisted of athletic 
trainers, physicians, and a health educator who specialized in 
HIV/AIDS education. The DCI was pilot tested to ensure 
question comprehension and clarity. Subjects for the pilot 
study consisted of NATA-certified athletic trainers who were 
not eligible to participate in the study. Following administra 
tion of the pilot study, the DCI was revised.

The DCI consisted of three sections: demographic informa 
tion, HIV/AIDS knowledge, and HIV/AIDS attitude. The 
demographic section consisted of 14 closed-end questions 
querying basic information regarding the subjects (eg, employ 
ment setting, number of years as an athletic trainer, gender). 
The knowledge section addressed the athletic trainers' knowl 
edge about HIV, AIDS, treating HIV+/AIDS patients, OSHA 
guidelines, and Pennsylvania state policies regarding HIV/ 
AIDS patients. This section consisted of 26 true/false ques 
tions. An overall knowledge score was calculated for each 
subject by subtracting the number incorrect from 26. A 
percentage score was then determined by dividing the number 
correct by 26 and multiplying by 100. The attitude section of 
the DCI addressed the athletic trainers' attitudes toward HIV/ 
AIDS, the risk groups associated with HIV, and injury treat 
ment of HIV+ athletes. This section consisted of 18 questions 
that were queried in a Likert-type format: 1) strongly agree, 2) 
agree, 3) slightly agree, 4) slightly disagree, 5) disagree, and 
6) strongly disagree.

Table 2. Respondents' Highest Level of Education and Primary 
Place of Athletic Training Employment*

Degree/Employment Status No.

Highest degree earned"^ 
Bachelor's 
Master's 
Doctorate

165
220

14

40.2
53.7
3.4

Primary place of employment*
Professional sports team
College/university
High school
Clinic
Clinic/high school
Industry
Not presently employed as an ATC

*n = 410.
t Missing data =11.
t Missing data = 3.

8
105
94
69
97

4
30

2.0
25.8
23.1
17.0
23.8

1.0
7.3

Data Analysis

The returned DCIs were analyzed using descriptive and infer 
ential statistics. Descriptive analysis consisted of frequencies, 
percentages, and means. Univariate analysis consisted of indepen 
dent t tests to determine what effect the athletic trainers' HIV/ 
AIDS attitudes had on their HIV/AIDS knowledge level. For this 
analysis, the six-point Likert-type scores for voluntary caring and 
refusal to care for HTV+ athletes were each collapsed into two 
groups: strongly agree, agree, and slightly agree were collapsed 
into Group 1, and strongly disagree, disagree, and slightly 
disagree were collapsed into Group 2. Thus, group was treated as 
a two-level independent variable. The dependent variable for the 
univariate analyses was the DCI knowledge score. Data were 
analyzed using the SPSS/PC + database statistical program (4.0 
Release)(SPSS, Chicago, IL). All statistical analyses were com 
pleted in the null form, and the 0.05 level of probability was 
considered significant.

Procedures

A single mailing of the DCI was made on March 19, 1994 to 
807 NATA-certified athletic trainers who resided in the state of 
Pennsylvania. Included in the mailing were a cover letter, in 
which the purpose of the study was explained; the DCI; and a 
self-addressed stamped envelope. A single mailing of the DCI 
was completed due to funding limitations. Upon return of the 
DCI, the knowledge section was scored by the primary 
investigator. Demographic, HIV/AIDS knowledge, and atti 
tude information were entered into a computer database for 
analysis.

Table 1 . Respondents' Route of NATA Certification*

NATA Certification No.

NATA-approved undergraduate curriculum
Undergraduate internship
NATA-approved graduate curriculum
Graduate internship

282
69
14
40

70
17

3
10

* n = 405; missing data = 5.

RESULTS

HIV/AIDS Knowledge

Seventy-six (18.5%) respondents reported that they had 
received formal AIDS education as part of their academic 
course work. Two hundred two (49.3%) respondents had 
attended a seminar on AIDS education, and 113 (27.6%) 
respondents reported having no formal AIDS education. Fif 
teen (3.7%) respondents reported having formal AIDS educa 
tion during their academic preparation as well as attending an 
AIDS seminar.

When asked if their primary place of employment had an 
OSHA blood-borne pathogen control plan, 308 (75.1%) re 
spondents reported that such a plan existed and 94 (22.9%) 
respondents reported that no such plan existed. Referral sys 
tems for HIV+ athletes existed in only 119 (29.0%) work 
settings. Two hundred seventy-four (66.8%) respondents re 
ported that they were not informed of the HIV status of athletes 
in their care while 119 (29%) respondents were informed of 
such information.

Journal of Athletic Training 41



Table 3. HIV Knowledge Questions and Responses of Respondents

Responses (No.)

Question True False No Response

AIDS is a disease that affects the immune system.
There is no known cure for HIV/AIDS.
The following behaviors increase an individuals risk of contracting HIV: sharing

hypodermic needles, sexual intercourse with multiple partners, and anal
intercourse.

A positive ELISA test means that a person has AIDS. 
HIV is found in high concentration in saliva.
Chronic vaginal yeast infections in women may be a sign of HIV infection. 
Submaximal exercise has a positive effect on the immune system of an

individual who is HIV+. 
Recent studies reveal that condoms are 85% effective in preventing HIV

transmission. 
HIV attacks the CD4 receptor sites on the surface of various immunological

cells in the body.
AIDS is defined as having a CD4 count of 500 or fewer. 
AZT has several toxic side effects, the most common one being myopathy. 
An athlete injecting anabolic steroids is at increased risk of contracting HIV. 
Individuals who are HIV+ but have no visible signs or symptoms can infect

others with the virus. 
Pneumocystis carinii pneumonia is not a frequently associated opportunistic

infection identified with HIV. 
Kaposi's sarcoma is a form of cancer most frequently associated with HIV in

both men and women. 
There have been several instances in which an athlete has contracted HIV as

a result of athletic participation. 
HIV can be transmitted by casual contact (nonsexual contact) with persons

who have the disease. 
HIV can survive and remain infectious for extended periods of time (weeks or

even months) on table and counter surfaces.
The most common seroconversion symptom of HIV is glandular fever. 
The average incubation period of an HIV-infected individual is three years. 
Most individuals will test positive for HIV within six months from the onset of

infection. 
According to the NCAA, and adopted by the National High School Federation,

the decision to change an athlete's bloodied uniform rests with the referee/
official.

All 50 states are regulated by the Federal OSHA guidelines. 
Athletes in Pennsylvania may give verbal permission to their physicians to

divulge medical information regarding their HIV status. 
According to recent studies by the US Olympic Sports Medicine Council,

football, basketball, and wrestling pose the greatest risks for HIV
transmission among athletes. 

You should treat all athletes as if they are HIV+.

403
405
406

94
24

112
305

340

323

213
304
272
400

57

312

28

26

24

290
210
227

316

149
142

340

388

273
384
287

91

65

62

151
76

124
9

331

83

379

384

385

88
186
176

88

258
251

61

20

43
2

11
14

5

25

46
30
14

1

22

15

3

0

1

32
14

7

3
17

Athletic trainers' HIV/AIDS knowledge was assessed 
through the knowledge section of the DCI (see Table 3). The 
mean composite instrument score (number of correct re 
sponses) was 16 ± 2.35 (range 8 to 24). On a 100-point scale, 
297 (72.4%) respondents scored between 30% and 69% of the 
questions correctly, 91 (22%) respondents scored between 70% 
and 79% of the questions correctly, 21 (5.1%) respondents 
scored between 80% and 89% of the questions correctly, and 1 
(0.01%) respondent scored between 90% and 100% of the 
questions correctly.

The athletic trainers were highly informed about general 
HIV/AIDS information. For example, 403 (98.3%) respon 
dents knew that AIDS affects the immune system, 405 (98.8%) 
respondents knew that there is no known cure for AIDS, and 
385 (93.9%) respondents knew that HIV cannot survive for 
extended periods of time on table and counter surfaces. In

addition, 400 (97.6%) respondents knew that a person can be 
HIV+ without displaying any signs or symptoms.

Concerning more specific HTV/ATDS knowledge, however, the 
athletic trainers were less informed. For example, 176 (42.9%) 
respondents did not know that most people will test HTV+ 6 
months from the onset of infection, and 287 (70.0%) respondents 
did not know that chronic vaginal yeast infections are associated 
with HIV infection. Also, 213 (52%) respondents did not know 
that having a CD4 cell count of 500 or fewer was not diagnostic 
of AIDS, and 149 (36.3%) respondents did not know that OSHA 
guidelines do not apply in all 50 states.

HIV/AIDS Attitudes

The attitude of athletic trainers toward HIV/AIDS was 
assessed through the attitudes section of the DCI (see Table 4).
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Table 4. Attitude Questions and Responses of Respondents

Responses (No.)*

Question

1 have a positive attitude toward homosexuality.
1 am fearful of contracting HIV when caring for

an athlete who is HIV+.
1 feel sympathetic toward athletes who acquire

HIV from homosexual activity.
1 would refuse care to an athlete who is HIV+.
1 have no reservation about treating the athletic

injuries of a homosexual athlete.
The media accurately portrays the impact of

HIV in the athletic setting.
Athletic trainers are not educated to meet the

special needs of the HIV+ athlete.
It is not worthwhile for an athletic trainer to

expend energies caring for an HIV+ athlete
who is going to die anyway.

1 do not feel competent to deal with the
psychological needs of the HIV+ athlete.

Athletic trainers should care for HIV+ athletes
on a volunteer basis.

1 feel sympathetic toward athletes who acquire
HIV from blood transfusions.

1 have a negative attitude toward
homosexuality.

1 would remove myself from the direct care of
athletes if 1 were HIV+.

Homosexuality is a lifestyle that should be
condoned.

1 have a "need to know" if an athlete under my
care is HIV+.

HIV+ athletes should not be allowed to
compete in contact sports.

Testing for HIV should be mandatory for all
athletes.

My attitude toward homosexuality has changed
since the start of the HIV crisis.

1

50
38

39

2
150

2

57

5

47

8

255

56

50

24

180

50

57

15

2

80
90

104

6
142

19

120

3

138

47

125

67

101

50

121

81

63

33

3

62
111

78

13
47

42

85

3

97

45

18

70

73

53

47

100

75

41

4

62
43

51

44
31

81

49

3

57

66

4

46

44

90

21

63

59

59

5

81
86

78

148
26

157

67

96

47

151

3

103

107

107

27

85

92

166

6

72
39

57

197
14

101

27

299

24

85

4

66

31

81

12

31

64

94

NR

3
3

3

0
0

8

5

1

0

8

1

2

4

5

2

0

0

2

1 = strongly agree; 2 = agree; 3 = slightly agree; 4 = slightly disagree; 5 = disagree; 6 = strongly disagree; NR = No response.

Interestingly, 348 (84.9%) respondents thought they had a need 
to know if an athlete under their care was HIV+. Two hundred 
thirty-nine (58.3%) respondents reported that they were fearful 
of contracting HIV when caring for HIV+ athletes. One 
hundred ninety-five (47.6%) respondents thought there should 
be mandatory HIV testing of all athletes.

When asked about their attitude toward treating HIV+/ 
AIDS athletes, 389 (94.9%) respondents indicated they would 
not refuse care to an HIV+ athlete, whereas 21 (5.1%) 
respondents reported that they would refuse care. One hundred 
one (24.6%) respondents thought that athletic trainers should 
care for HIV+ athletes on a voluntary basis, and 302 (73.7%) 
respondents disagreed. Two hundred sixty-two (63.9%) re 
spondents believed that athletic trainers are not educated to 
meet the special needs of HIV+ athletes, and 282 (68.8%) 
respondents did not feel competent to deal with the psycho 
logical needs of the HIV+ athlete. Two hundred twenty-four 
(54.6%) respondents reported that they would remove them 
selves from direct care of athletes if they themselves were 
HIV+.

Univariate Analysis

Univariate analysis was completed to determine what effect 
the athletic trainers' HIV/AIDS attitudes had on their HIV/ 
AIDS knowledge level. Analysis of the question, "Athletic 
trainers should care for HIV+ athletes on a volunteer basis," 
resulted in a Group 1 knowledge score of 16.10 ± 2.36 and a 
Group 2 knowledge score of 16.03 ± 2.89. No significant 
difference (t = —.25, p — .80) existed in knowledge scores 
between the two groups.

Analysis of the question, "I would refuse care to an athlete 
who is HIV+," resulted in a Group 1 knowledge score of 
16.10 ± 2.58 and a Group 2 knowledge score of 16.06 ± 2.34. 
No significant difference (t = .06, p = .95) existed in 
knowledge scores between the two groups.

DISCUSSION

Interestingly, only 22.2% of the respondents received formal 
HIV/AIDS education during their undergraduate course work.
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The majority (49.3%) of the respondents received HIV/AIDS 
education via seminars. With 70% of the respondents having 
graduated from an approved undergraduate program, inclusion 
of HIV/AIDS information in all of these programs is critical to 
ensuring that the next generation of athletic trainers is informed 
about this important health care issue.

Seventy-four percent of the respondents reported existence 
of an OSHA control plan in their employment setting for the 
handling of body fluids. However, only 29% responded that a 
referral system was in effect at their place of employment for 
athletes who tested HIV+. Thus, establishing appropriate 
referral systems for HIV+/AIDS patients within the athletic 
health care delivery system should be encouraged. Existence of 
such a system would facilitate the treatment and counseling of 
HIV+/AIDS athletes.

The average HIV/AIDS knowledge score of the respondents 
was moderate, with 62% of the questions answered correctly. 
This was comparable to the findings of other researchers. 1 "4 
Richardson2 reported that the HIV/AIDS knowledge of physi 
cians in California was adequate, although more education was 
needed. Gerbert3 reported that the HIV/AIDS knowledge score 
of dentists was 66% after receiving HIV/AIDS information. 
Held ' reported that after an HIV/AIDS educational unit phys 
ical therapy students improved their HIV/AIDS knowledge 
score to slightly above average. Considering that the respon 
dents in this study were primarily educated about HIV/AIDS 
via seminars, where pedagogical learning is less ensured, 
certified athletic trainers in Pennsylvania are reasonably 
knowledgeable about HIV/AIDS. It would be interesting to 
determine whether targeted education would further increase 
the HIV/AIDS knowledge of athletic trainers from its current 
level.

When questioned about their attitudes toward treating the 
athletic injuries of HIV+ athletes, 58.4% of the respondents 
were fearful of contracting HIV when caring for these athletes. 
Eighty-five percent of the respondents reported they had a need 
to know if athletes under their care were HIV+. These 
attitudes closely reflect those reported by Held 1 and Snyder.4 
Held determined that approximately 70% of the physical 
therapy students in her study reported being fearful of con 
tracting HIV when treating HIV+ patients. Snyder reported 
that although dental hygienists were knowledgeable about 
AIDS they had a moderate to high concern about treating 
HIV+/AIDS patients. Although the outcome of this disease is 
ultimately death, it is not entirely clear why such fear among

health care professionals prevails. OSHA5 guidelines clearly 
identify universal precautions as an important prophylaxis in 
the transmission of HIV between patient and health care 
worker. In addition, OSHA strongly endorses education as the 
most important step in reducing the risk of HIV transmission. 
Education should become the keystone around which knowl 
edge about HIV/AIDS is increased and fear of this deadly 
infection is decreased.

It was determined in this study that differences in HIV/AIDS 
attitudes had no effect on HIV/AIDS knowledge level. Held 1 
reported that after an educational unit on HIV/AIDS, physical 
therapy students improved their attitudes toward providing 
treatment to HIV+/AIDS patients. Gerbert3 determined that an 
educational unit on HIV/AIDS improved the knowledge and 
attitudes of dentists toward treating HIV+/AIDS patients. One 
interpretation of the attitude-knowledge findings in this study 
is that they reflect well on the members of the athletic training 
profession.A ...: -V-*:."^"r. );V-

CONCLUSIONS cfe r >

In conclusion, within the results of this study, certified 
athletic trainers in Pennsylvania are moderately knowledgeable 
about HIV/AIDS and have constructive attitudes in treating the 
athletic injuries of HIV+/AIDS athletes. However, their major 
concern was fear of HIV transmission.
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Creatine and Phosphocreatine: A Review of 
Their Use in Exercise and Sport
Joseph F. Clark, PhD, ATC

Objective: Creatine and phosphocreatine (PCr) are impor 
tant compounds in the normal energy metabolism of muscle. 
Recently, it has been shown that dietary creatine (5 to 20 g/day) 
can increase muscle creatine and PCr, with enhancement in 
anaerobic exercise performance after two weeks of adminis 
tration caused by an increase in anaerobic capacity.

Data Sources: MEDLINE was searched from 1983 to 1996 
using key word "creatine" along with "humans," "muscle," 
"exercise," and "transport." Also, APStracts, the American 
Physiology Society search engine for abstracts, was searched 
from 1994 to 1996.

Data Synthesis: Creatine is transported into the muscle cell 
by a specific transporter, resulting in increased intracellular 
creatine and PCr. The PCr is capable of acting as an energy

buffer, protecting the adenosine triphosphate (ATP) concentra 
tion. Maintaining muscle nucleotides therefore enhances exer 
cise performance and recovery. There have been reports that 
PCr protects the cells from ischemic damage and decreases 
the loss of nucleotides by stabilizing cell membranes. Indeed, 
intravenous PCr (2-4 g/day) has been administered to cyclists, 
resulting in a faster recovery time between training sessions.

Conclusions/Recommendations: It is becoming evident 
that oral creatine supplementation may yield certain benefits to 
enhance the athlete's performance during maximal anaerobic 
exercise and interval training.

Key Words: ATP, ADP, muscle, energy metabolism, creatine 
kinase, anaerobic exercise

Recently there has been a great deal of interest in the use 
of creatine and, to a lesser extent, phosphocreatine 
(PCr) in sports medicine and athletic training. Various 

published works claim exercise enhancement and specific 
benefits with the administration of creatine and PCr to ath 
letes, 1 " 13 but their utility and possible side effects still need to 
be examined in greater detail. There are, however, various 
reports in the literature in which creatine administration is used 
for therapeutic purposes 14 ' 15 or in which the absence or 
depletion of creatine is detrimental. 16 This review is an attempt 
to summarize the current knowledge regarding the application 
of creatine and/or PCr with a focus on sports medicine and 
muscle physiology.

The creatine/PCr system plays an essential role in the normal 
energy metabolism of muscle because it acts as a buffer for the 
adenosine triphosphate (ATP) concentration. 17 ' 18 It can also 
prevent a rise in the adenosine diphosphate (ADP) concentra 
tion, which can slow cross-bridge cycling. In muscle, creatine 
is reversibly phosphorylated by the enzyme creatine kinase 
(CK) in the following reaction:

CK

ATP + creatine <=======> PCr + ADP + H+ . (1)

The H + produced in this reaction also means that the CK 
reaction is capable of buffering the pH of exercising muscle. 
Though important, the pH buffering by CK will not be 
addressed in this paper. There are two isoenzymes of creatine 
kinase found in skeletal muscle and both are required for 
normal muscle function. There is a cytosolic form of creatine 
kinase and a mitochondrial form, and they function simulta-

Joseph F. Clark is a lecturer at St. Anne's College, Oxford, and is 
affiliated with the Department of Biochemistry, Biochemical and Clinical 
Magnetic Resonance Spectroscopy Unit, South Parks Rd, University of 
Oxford, Oxford OX1 3QU, England

neously to form a rapid interconversion of PCr and ATP, which 
maintains an equilibrium in the muscle. This reaction is readily 
reversible and may be used to buffer the ATP concentration by 
rephosphorylating ADP from the energy contained within the 
PCr molecule. The other significant effect of the reaction is to 
keep the ADP concentration relatively low in the muscle 
(which, if elevated, will slow cross-bridge cycling). 19 As much 
as 70% of the immediate high-energy stores contained within 
skeletal muscle are in the form of PCr. 20'21 The total creatine 
concentration (PCr + creatine) in striated muscle is about 30 
/xmol/g muscle, which represents 4 grams of creatine per 
kilogram of Type I muscle fibers. For this reason, creatine can 
be described as an extract of muscle solids. The cellular 
concentration of creatine is determined by specific transporters 
that transport creatine into the cell with sodium (Na+ ) against 
its concentration gradient.2 '22"25 The concentration of PCr is 
determined by the equilibrium constant of the CK reaction. 19 
Therefore, the concentration of PCr in muscle is dependent 
upon the ATP and total creatine concentrations.

CREATINE SYNTHESIS

Creatine is synthesized in the liver and kidney and released 
into the blood stream26 to be actively taken up by the muscle 
cells via specific transport protein(s). The liver plays an 
important role in the control of creatine content in the body 
because it methylates guanidinoacetate to produce creatine 15 
for release into the blood stream. This methylation reaction 
utilizes the amino acid methionine. Guanidinoacetate is pro 
duced from the amino acids glycine and arginine in the 
following reaction:

glycine + arginine ======>

guanidinoacetate + ornithine. (2)
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Fig 1. The chemical structures of the creatine molecule (top) and its 
phosphorylated counterpart phosphocreatine (bottom).

The ornithine is used in the urea cycle and the guanidinoacetate 
is methylated to form creatine (Fig 1; creatine molecule). 
Therefore the synthesis of creatine requires three amino acids: 
glycine, arginine, and methionine. The net synthesis of creatine 
in the body is 1 to 2 g/day.

CREATINE SUPPLEMENTATION

Harris et al21 '27 have shown that feeding creatine at 2 to 5 
g/day increases intracellular creatine and PCr in human mus 
cle. 3 Greenhaff and colleagues have extended these observa 
tions using 5 to 20 g/day creatine.9'28 '29 They fed volunteers 5 g 
of creatine four times a day with a daily total of 20 g. This is 
considered the loading dose and is decreased to 2 to 5 g/day 
(maintenance dose) after 6 to 14 days, which is continued 
throughout the period of training. If athletes are given lower 
doses (2-3 g/day), without the loading dose, there is still 
increased muscle creatine but with a slower rate of accumula 
tion. The current evidence is that the best loading of muscle 
creatine occurs during normal training and occurs concomitant 
with a low-fat, high-carbohydrate diet.29

In the intestine, creatine is absorbed unchanged from the 
lumen and passes directly into the blood stream. Following oral 
creatine administration serum creatine rises, and the amount of 
creatine taken into the cells increases, leading to higher 
intracellular PCr levels 1 '2 (See Fig 2). This extra PCr enhances 
anaerobic output and muscle peak torque production28 (as 
measured using a Cybex II isokinetic dynamometer; Lumex, 
Inc., Ronkonkoma, NY) in the working skeletal muscle. This 
was seen in athletes fed 24 g/day for 5 days, and the exercise 
protocol was five sets of quadriceps contractions, with 30 
repetitions in each set. Part of the reason for the increase in 
muscle peak torque production was attributed to the acceler 
ated rate of PCr resynthesis. Greenhaff et al 10 pointed out, 
however, that the dietary supplementation with creatine did not 
increase total muscle creatine in all athletes. It appears that

+Cr Supplementation 

Control ---

Time

Fig 2. A schematic representation of the relative concentration 
changes that occur in muscle during two bouts of exercise. The 
PCr concentration at the start of the anaerobic exercise is greater 
in the muscle with creatine supplementation compared to control. 
The PCr concentration falls rapidly in both groups as the PCr 
molecule is used to buffer the ATP concentration. When exercise 
stops and the muscle is allowed to recover, the rate of PCr 
recovery is faster in the muscles with creatine supplementation 
(this is explained in Fig 3). Furthermore, when the anaerobic 
exercise is prolonged in the second bout of exercise, the ATP 
concentration is better maintained with creatine supplementation. 
The ATP buffering capacity of the muscle is enhanced due to the 
increased PCr concentration in the muscle. Note: the rates of 
concentration changes during exercise are dependent upon inten 
sity of the exercise. For maximal anaerobic exercise, such as a 
sprint, the entire right hand box of this figure would take about 15 
seconds.

about 70% of the people studied had an increase in total muscle 
creatine and exercise enhancement. 20 This was attributed to the 
fact that some of the athletes (30%) had creatine levels near the 
physiological maximum. Another study showed that increased 
PCr does not change the maximal force of contraction. 27 
Increases in maximal force may occur if there is an anabolic 
action of creatine or PCr, but these observations have not been 
fully evaluated. 14' 30

Active uptake of creatine has been found in all muscle cells 
studied, including skeletal, heart, and smooth muscles. 19 '25 '31 
Creatine has been shown to have an anabolic effect on muscle 
tissues 14' 30 because it caused an increase in protein synthesis. 30 
Elevation of PCr in the muscle cell is also capable of 
stimulating protein synthesis in the cell organelles. Interest 
ingly, Bessman and Mohan30 likened the PCr stimulation of 
protein synthesis to that of exercise or insulin-stimulated 
growth. Even in humans there was a 46% increase in the size 
of Type II muscle fibers in gyrate atrophy patients fed 1.5 
g/day of creatine for one year. 14 Conversely, inhibition of 
normal creatine metabolism prevents normal muscle growth as 
well as decreases protein and lipid synthesis. 16 '32 Oral admin 
istration of creatine monohydrate to men and women has been 
found to lower plasma total cholesterol (6%), triacylglycerols 
(22%), and very-low-density lipoprotein-C (23%) after 56 days 
of administration (5 g/day). 33

CREATINE TRANSPORT

Creatine is actively taken up into the cell via a specific 
transport protein using the energy contained in the Na+
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gradient.28,34,35 This transport protein has a high affinity for
creatine and concentrates it within the cell. 25 Once in the cell, 
very little creatine is lost (3 percent per day). 26 ' 35 The concen 
tration of creatine where the transport rate is half of its 
maximum (Km ) is about 30 ju,mol/L, which is in the range of 
circulating plasma creatine concentration.24'26'34 Therefore at 
physiological levels of creatine, the activity of the creatine 
transport protein(s) is operating at about half maximal. The 
result is that small increases in plasma creatine, which can 
occur with oral creatine supplementation, cause an increase in 
creatine transport with a concomitant increase in intracellular 
creatine concentration.

In isolated cell and tissue preparations, Joseph F. Clark et al 
(unpublished observations) and Joseph Odoom et al (unpub 
lished observations) have found that incubation of isolated 
vascular smooth muscle or cultured striated muscle both 
actively concentrate creatine. Odoom increased total creatine 
in cultured muscle cells and clearly demonstrated that its 
uptake was Na+ dependent and cyclic adenosine monophos- 
phate (cAMP) mediated. 34 Similar experiments using isolated 
vascular smooth muscle showed a striking two- to fourfold 
increase in intracellular creatine concentration and increased 
PCr when tissue was incubated with 20 mmol/L creatine for 24 
hours. 36 From these studies it is apparent that creatine is taken 
up by living tissue and that increasing intracellular creatine 
increases PCr and anaerobic capacity (Fig 2).

There appears to be an optimum or maximum total intracel 
lular creatine concentration of about 160 nmol/kg dry mass 
where normal is about 120 nmol/kg dry mass. 21 This has been 
seen in human studies where all subjects approached the same 
relative creatine content in the muscle. 30 In subjects who had 
relatively low levels of muscle creatine, supplementation 
caused a striking increase in muscle creatine content. However, 
if the subjects started with elevated levels of creatine in their 
muscle, the increase with oral creatine administration was 
diminished. Subjects started with a range of creatine concen 
trations between 110 and 140 nmol/kg dry mass. 21 In experi 
ments on isolated muscle tissue a similar maximum is seen, 
and the tissue tends to maintain that level (Claire Willott and 
Joseph F. Clark, unpublished observations). These data 
strongly indicate that there are definite limits to the benefits 
possible from creatine supplementation and that, once muscle 
creatine levels have plateaued, there will be no further increase.

CREATINE SUPPLEMENTATION AND 
WATER/URINE HOMEOSTASIS

During the early phase of oral creatine supplementation 
there is a decrease in water excretion with concomitant water 
retention. 29 The cause of the water retention in these athletes 
has not yet been determined, although it is likely that there is 
water associated with the creatine during cotransport with 
sodium ion. 34 This water retention may be related to the 
unpublished reports of muscle cramps and heat intolerance 
seen during creatine supplementation. From a metabolic per 
spective, these may be reasonable suggestions, and, therefore, 
anyone involved with creatine supplementation should 
strongly recommend that their athletes be properly hydrated

and avoid strenuous exercise (of the double-session type) 
during the initial days of creatine supplementation. It has not 
yet been reported if there is a correlation between the loading 
dose regime and muscle cramps or heat intolerance, and, 
therefore, more research must be performed regarding the 
indications and contraindications of creatine supplementation 
and water homeostasis.

Creatine is converted spontaneously and nonenzymatically 
to creatinine in all tissues with PCr. The creatinine cannot be 
reconverted to creatine and is not used by the muscle so it must 
be excreted in the urine. When athletes were given 20 grams of 
creatine per day their urinary excretion of creatinine (as well as 
serum creatinine) was increased.29 Urinary creatinine levels 
quickly return to normal as the creatine intake is decreased. 
There were no other alterations in urinary metabolism reported 
due to creatine supplementation. 33 The loss of free creatine in 
cultured skeletal muscle cells is less than 3% per day. 23 ' 35 This 
is close to the amount of creatinine produced nonenzymatically 
by living human muscle 19- 26 - 31 . The major way in which 
creatine is lost from the body is via the irreversible conversion 
to creatinine. 34 '35 The excretion of creatinine in the urine is 
constant at about 2 g/day. Therefore, creatine efflux from the 
cell is considered to be negligible, and the advantages of 
creatine administration are not prone to being lost with 
exercise.23 '26

CREATINE'S CONTROL OF OXIDATIVE 
METABOLISM

The rapid resynthesis of PCr seen with creatine supplemen 
tation is likely to be oxidative in origin 19 ' 37 '38 as the increased 
creatine stimulates oxidative phosphorylation (Fig 3). 6' 18 - 19 > 38 
This is due to mitochondrial creatine kinase (Mi-CK) bound to

Mitochondria! 
Matrix

OMM IMM
ADP r=^

IMS

PCr

Fig 3. Creatine is able to stimulate the mitochondria through its 
action on mitochondrial creatine kinase (CK). The result is that 
ADP is produced "in" the mitochondria and the ADP enters the 
mitochondrial matrix to be resynthesized. The result is that creat 
ine, when it arrives at the mitochondria from the muscle, gets 
phosphorylated to PCr and therefore has the same stimulatory 
effect as ADP because it causes the production of one ADP 
molecule. Creatine stimulates the mitochondria by amplifying the 
ADP signal at the mitochondria. ANT, adenine nucleotide translo- 
case or the protein that transports ADP into the mitochondrial 
matrix and ATP out; OMM, outer mitochondrial membrane; IMM, 
inner mitochondrial membrane; IMS, intermembrane space; H + , 
the protons used to synthesize ATP from ADP; O2 —> H 2O, oxidative 
part of oxidative phosphorylation that is consuming oxygen.
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the outer surface of the inner mitochondrial membrane. 19 ' 38 
Mi-CK is functionally coupled to oxidative phosphorylation 
and can therefore stimulate respiration because of enzymatic 
amplification of ADP at or near the ADP transport protein. The 
result is that instead of 30 ju,mol/L ADP needed for half 
maximal stimulation of oxidative phosphorylation, only 10 
ju,mol/L is needed. 19 ' 38 Therefore, creatine administration in 
creases anaerobic capacity (as seen in Fig 2) and also increases 
aerobic recovery by stimulating the mitochondria and oxidative 
phosphorylation l6J9' 38(Fig 3).

CREATINE AND MUSCLE BIOENERGETICS

Greenhaff et al20 ' 28 found that following oral creatine 
supplementation there was a greater peak torque production in 
the final few contractions in a series. These athletes were able 
to perform more anaerobic work after oral administration of 
creatine. 2 ' 20 Oral creatine did not influence plasma lactate 
levels, but Greenhaff et al 28 did find that PCr was better able 
to maintain muscle ATP concentrations. Creatine supplemen 
tation produced a significant decrease in plasma ammonia 
during exercise. Plasma ammonia is generally due to a loss of 
muscle adenine nucleotide stores (originating from ATP). This 
lost ATP is slowly resynthesized, but the decrease in ammonia 
may reflect the increased ATP that is staying in the muscle. 
Therefore the augmented PCr in muscle protects the total 
nucleotide concentration.

The mechanism by which PCr decreases nucleotide loss is 
due to its ability to rapidly phosphorylate ADP and not due to 
effects on AMP deaminase or myokinase. Therefore, ADP 
levels are not elevated. Elevated ADP would have two detri 
mental consequences in muscle. One is to slow cross-bridge 
cycling, and the other is to activate the myokinase reaction. 
The myokinase reaction is:

2 ADP < = = = = = = = = = = = = > ATP + AMP. (3)

The ATP produced in this reaction can be used by the muscle 
for energy, but the AMP may be de-aminated and/or dephos- 
phorylated, resulting in ammonia and a loss of one nucleotide 
molecule. PCr, therefore, prevents ADP from being elevated 
by rephosphorylating it via the CK reaction. The mitochondria 
are also stimulated at relatively lower ADP because of creatine 
(as discussed above regarding Mi-CK). We can conclude that 
increasing PCr with creatine supplementation aids in maintain 
ing muscle phosphorylation potential and in this way also 
maintains maximal anaerobic performance.

After administration of creatine, and the concomitant in 
crease in muscle PCr, there is an increase in the rate of PCr 
resynthesis. 10' 20 ' 28 To the athlete this is seen as a shorter 
recovery time after intense exercise (Fig 2). In athletes being 
tested with 30 quadriceps contractions and a 1 -minute rest 
between sets, the creatine supplementation group (24 g/day) 
was able to develop greater peak torque production compared 
with placebo controls. 28 The rapid resynthesis of PCr is 
essential for repeated bouts of exercise, and, coupled with this

information, it is important to realize that creatine is not lost 
from the cell23 ' 35 (discussed above).

PHOSPHOCREATINE

Because creatine and phosphocreatine are in rapid exchange 
via the reversible transphosphorylation reaction catalyzed by 
creatine kinase, they must both be discussed in a paper such as 
this. As discussed above, PCr is required for normal cellular 
metabolism, and increased PCr concentrations can enhance 
anaerobic exercise. In the cell, PCr is used in no other 
pathways known because it is not involved in any other 
reactions and is acted upon only by CK. PCr does, however, 
have another use that does not involve enzymes and is due to 
its amphipathic (or ionic) nature.9 '38 " 40 The ionic characteris 
tics of PCr enable it to bind to the polar phospholipid heads of 
membranes39(Fig 1). This binding to the phospholipid heads 
effectively stabilizes the membrane phospholipid bilayer by 
decreasing fluidity. 39 The more fluid-like a membrane, the 
more leaky it is. Stabilizing the membrane prevents some of 
the damage caused by transient ischemia and hypoxia (which 
can occur during exercise) and thus prevents loss of essential 
cellular substances (such as nucleotides). 37 '39

Membrane stabilization by PCr has been shown in striated 
muscle using electron spin resonance and functional studies on 
blood cells, as well as cardiac and skeletal muscle. 37 '39 '40 PCr 
has been given to patients by intravenous (IV) injection as part 
of the treatment for ischemia and myocardial infarction.40 In 
cardiac muscle it improves the energetic status (phosphoryla 
tion potential) and decreases electrical anomalies that some 
times lead to lethal arrhythmias. It is even used as a cardiople- 
gic cardioprotective agent during heart surgery. 37 '38 There is 
also a preserving effect upon the intracellular concentration of 
soluble enzymes and nucleotides, which may be due to less 
cytoplasmic leakage. 39

Other trials have reported favorable actions of PCr on 
skeletal muscle function and performance. PCr augmentation 
in the muscle improves maximum anaerobic power,24 increas 
ing the ability of the muscle to produce maximum burst output 
compared to placebo. 33 During conditions of maximal exercise 
such as "cronoscalata" (timed uphill cycling), enhanced per 
formance has been shown in amateur cyclists given intrave 
nous PCr (2 g twice a day). 12 In three controlled studies using 
an isokinetic dynamometer, PCr increased the rate of recovery 
after intense exercise. 1 ' 11 ' Shorter rests were needed between 
competitions in these athletes as well as increased muscle fiber 
recruitment in athletes given 0.5 g/day PCr. 1 Another study 
was also performed on patients with hypotonotrophy (resulting 
from knee pathology) and demonstrated promising therapeutic 
effects for this pathology by preserving muscle mass."'41 The 
authors, however, did not speculate on the application to 
healthy individuals. Notwithstanding, these studies all support 
exercise enhancement by IV administration of PCr.

Intravenous PCr (2g/day) has been given to athletes during 
strenuous endurance training (Valdure A. Saks, unpublished 
observations). The athletes given PCr were able to train longer 
and reported less muscular discomfort. They also had a striking 
reduction in morning muscle stiffness. It was postulated that
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the decreased stiffness and myalgia seen was due to less 
muscle damage occurring during training. The decreased mus 
cle damage may be an effect of the membrane stabilization of 
PCr and/or possible improvement in the metabolism of the 
tissue. 7 ' 11 This result is consistent with the observation of 
cardioprotection in which PCr stabilizes membranes and pos 
sibly protects the muscle from damage during strenuous 
aerobic exercise.

One drawback of PCr administration is that it must be given 
intramuscularly or intravenously because it is readily broken 
down in the intestinal tract. After intramuscular or intravenous 
administration its pharmacodynamic effects last for 2 to 5 
hours, as demonstrated by the increased concentrations of ATP 
in human red blood cells42 and rat cardiac cells,43 as well as the 
observations of antiarrhythmic effects.44 Nonetheless, IV PCr 
has beneficial effects that creatine alone does not have. Most of 
these effects are attributed to the membrane-stabilizing action, 
but, when PCr is hydrolyzed, it forms inorganic phosphate (Pi) 
and creatine. As discussed earlier, creatine is readily and 
actively taken into the cells and used to supplement the energy 
metabolism of muscle. Therefore, PCr has the same benefits as 
oral creatine administration in addition to the membrane 
effects.

PHOSPHOCREATINE ENERGY SHUTTLE

PCr is intimately involved in the energy metabolism of 
muscle. 17 ' 34 '45 It is synthesized at sites of energy production 
via localized creatine kinases such as Mi-CK and MM-CK (the 
muscle form of creatine kinase). Mi-CK is found in the 
mitochondria and synthesizes PCr in a reaction that is func 
tionally coupled to oxidative metabolism (Figs 3 and 4). 19 '38 
Creatine kinase has been described as an integral protein of the 
contractile apparatus 19 and is capable of regenerating ATP for 
contraction. Rephosphorylation of ATP in this way produces 
creatine that diffuses back to the mitochondria to stimulate 
respiration further and gets rephosphorylated back to PCr. This 
cycling of PCr to creatine and back is referred to as the 
phosphocreatine shuttle mechanism 19' 30 ' 37 '38 and is essential in 
normal function of muscle, especially during periods of high 
activity such as exercise (Figs 2 and 4). Therefore, PCr is an 
important metabolite in the normal function of the muscle 
because it can buffer the ATP concentration (Fig 2), prevent 
elevation of ADP, and function in the muscle's energy shuttle. 
These roles may indeed be enhanced by supplementation, as 
discussed above, and thus may partially explain some of the 
benefits of supplementing creatine and/or PCr. Much more 
information on the phosphocreatine shuttle and its relative 
importance in cellular function can be obtained in the review of 
Wallimann et al. 19

CONCLUSION

This paper has discussed some of the actions of creatine and 
PCr on muscle metabolism and performance. Twenty grams 
per day of creatine can be added to the athlete's diet for 1 to 2 
weeks and reduced to 5 g/day for the remainder of the sports 
season. The result is that this creatine supplementation in-

Mitochondria

Cytosol

Contractile 
Proteins

Fig 4. Schematic representation of the energy metabolites being 
shuttled between the contractile proteins and the mitochondria in 
muscle. During exercise and recovery there is a shuttling of 
energy-rich molecules (such as ATP and PCr) from the mitochon 
dria to the contractile proteins. The contractile proteins utilize the 
energy within these molecules to perform work and produce 
creatine and ADP. {Note: ATP is absolutely required for muscle 
work, but PCr is used to maintain ATP.) In the cell the creatine 
resulting from this cycle is rephosphorylated to PCr in the mito 
chondria. Interestingly creatine has the ability to stimulate mito 
chondria and therefore helps accelerate or amplify the communi 
cation between the mitochondria and the contractile proteins. 
Therefore, ADP and creatine can signal the mitochondria to in 
crease oxidative ATP production. ATPase, myosin ATPase used to 
perform muscle work; CK, creatine kinase at or near the contrac 
tile proteins used to rephosphorylate ADP to ATP; Mi-CK, creatine 
kinase specifically found in the mitochondria and used to resyn- 
thesize PCr.

creases muscle creatine and muscle PCr for the duration of the 
sports season. Because of the apparent maximum for muscle 
creatine, higher doses have negligible additional effects. The 
increased creatine and PCr are able to enhance anaerobic 
capacity as well as stimulate protein synthesis. Along with 
buffering ATP, PCr has the ability to stabilize membranes and 
protect cells from damage. When PCr is degraded via CK, 
ADP is converted to ATP and there is an improvement in the 
muscle bioenergetics. The drawback of PCr applications in the 
sports medicine field is that it must be administered intrave 
nously or intramuscularly, whereas creatine can be taken 
orally.

There are several unexplored areas of research and investi 
gation regarding creatine and PCr supplementation and admin 
istration. Controlled double-blind studies examining water/ 
urine homeostasis and their relationship to muscle cramps, 
stiffness, and heat intolerance have yet to be reported. Differ 
ential benefits to athletes in the same sport have not been 
examined and there appear to be gender differences that have 
not been explained.20'29'33 Also, the importance of creatine 
supplementation in athletes with low or no meat intake 
(vegetarians) needs to be examined.

The use of any dietary supplement is highly variable and 
always has limits. This review has discussed some of the 
apparent strengths and weaknesses of these two closely related 
compounds. What role they may play in the fields of applied 
physiology or exercise physiology remains to be determined. 
One may speculate, however, that because of the central
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importance of the creatine/PCr system in normal muscular 
function, an enhancement of this system may be beneficial to 
muscle metabolism within certain expressed limits.

ACKNOWLEDGMENTS

I thank everyone at the Biochemical and Clinical Magnetic Resonance 
Spectroscopy Unit, Oxford, for all their help and support during the 
preparation of this manuscript. Thanks also to Dr. M. Conway, Dr. V. 
Saks, Dr. J. Odoom, and C. Willott for proofreading this manuscript. 
The author is supported by the Medical Research Council (England).

REFERENCES

1. Agnese L, Tarello M, Grazioli I. Efficacia della creatina fosfato nel 
trattamento della ipotonotrofia da non uso della muscolatura scheletrica. 
On e Traum Oggi. 1992; 12:107-113.

2. Balsom PD, Ekblom B, Soderlund K, Sjodin B, Hultman E. Creatine 
supplementation and dynamic high-intensity intermittent exercise. Scand 
J Mcd Sci Sports. 1993;3:143-149.

3. Birch R, Novel D, Greenhaff PL. The influence of dietary creatine 
supplementation on performance during repeated bouts of maximal 
isokinetic cycling in man. Ear J Appl Physiol. 1994;69:268-270.

4. Casey A, Constantin-Teodosiu D, Howell S, Hultman E, Greenhaff PL. 
Creatine ingestion favorably affects performance and muscle metabolism 
during maximal exercise in humans. Am J Physiol. 1996;271:E31-E37.

5. Casey A, Constantin-Teodosiu D, Howell S, Hultman E, Greenhaff PL. 
Metabolic response of type I and II muscle fibers during repeated bouts of 
maximal exercise in humans. Am J Physiol. 1996;271 :E38-E43.

6. Clark JF. Uses of creatine phosphate and creatine supplementation for the 
athlete. In: Conway MA, Clark JF, eds. Creatine and Creatine Phosphate: 
Scientific and Clinical Perspectives. London: Academic Press; 1996:217- 
225.

7. Dal Monte A, Leonard! LM, Figura F, Cappozzo A, Marchetti M, De 
Sanctis AM, Nofroni I. Effetti dell'apporto esogeno di fosfocreatina sulla 
potenza muscolare umana. Gazz. Med. Ital. 1976;135:2-11.

8. Gelfgan EB, Dalili IG, Shakhtakhtinskaya FN, Yagisarova NM, Shirinova 
EA. The effect of phosphocreatine on the tolerance of physical exercise in 
patients with ischemic heart disease. In: Saks VA, Bobkov YG, Strumia E, 
eds. Creatine Phosphate: Biochemistry, Pharmacology, and Clinical 
Efficiency. Torino Italy: Edizioni Minerva Medica; 1987:270.

9. Green AL, Hultman E, Macdonald IA, Sewell DA, Greenhaff PL. 
Carbohydrate ingestion augments skeletal muscle creatine accumulation 
during creatine supplementation in man. Am J Physiol. 1996;271:E821- 
E826.

10. Greenhaff PL, Bodin K, Soderlund K, Hultman E. Effect of oral creatine 
supplementation on skeletal muscle phosphocreatine resynthesis. Am J 
Physiol. \ 994;266:E725-E73().

11. Pirola V, Pisani L, Teruzzi P. Valutazione del recupero del trofismo 
muscolare in pazienti anziani con frattura di femore trattati con creatina 
fosfato e fisokinesiterapia. Clin. Ter. 1991;139:115-119.

12. Tegazzin V, Rossi M, Schiavon M, Schiavon R, Bettini V, Aragno R, 
Bitozzi A. Indagine sulla performance di ciclisti trattati e non trattati con 
fosfocreatina. Biol Med. 1991:13:121-135.

13. Walker JB. Bioenergetic engineering with guanidino compounds: loading 
tissues with extended-range synthetic thermodynamic buffers. In: De 
Deyn PP, Marescau B, Stalon V, Qureshi IA, eds. Guanidino Compounds 
in Biology and Medicine. London: John Libbey and Co.; 1992:187-194.

14. Sipila I, Rapola J, Simell O, Vannas A. Supplementary creatine as a 
treatment for gyrate atrophy of the choroid and retina. N. Engl. J. Med. 
1981:304:867-870.

15. Stockier S, Hanefeld F, Frahm J. Creatine replacement therapy in 
guanidinoacetate methyltransferase deficiency: a novel inborn error of 
metabolism. Lancet. 1996;348:789-790.

16. Sanford L, Tikunov B, Henson D, Lamanca J, Sweeney HL. Creatine 
depletion elicits structural, biochemical, and physiological adaptations in 
the rat costal diaphragm. Am J Physiol. 1996;40:C1480-C1486.

17. Conway MA, Ouwerkerk R, Rajagopalan B, Radda GK. Creatine phos 
phate: in vivo human cardiac metabolism studied by magnetic resonance 
spectroscopy. In: Conway MA, Clark JF, eds. Creatine and Creatine 
Phosphate: Scientific and Clinical Perspectives. London: Academic Press; 
1996:127-160.

18. Trump ME, Heigenhauser GJF, Putman CT, Spriet LL. Importance of 
muscle phosphocreatine during intermittent maximal cycling. J Appl 
Physiol. 1996;80:1574-1580.

19. Wallimann T, Wyss M, Brdczka D, Nicolay K, Eppenberger HM. 
Intracellular compartmentation structure and function of creatine kinase 
isozymes in tissue with high and fluctuating energy demands: the 
phosphocreatine circuit for cellular energy homeostasis. Biochem J. 
1992;! 102:21-40.

20. Greenhaff PL, Bodin K, Harris RC, Hultman E, Jones DA, Mclntyre DB, 
Soderlund K, Turner DL. The influence of oral creatine supplementation 
on muscle phosphocreatine resynthesis following intense contraction in 
man. J Physiol. 1993;467:75P.

21. Harris RC, Soderlund K, Hultman E. Elevation of creatine in resting and 
exercised muscle of normal subjects by creatine supplementation. Clin Sci. 
1992;83:367-374.

22. Balsom PD, Harridge SDR, Soderlund K, Sjodin B, Ekblom B. Creatine 
supplementation per se does not enhance endurance performance. Acta 
Physiol Scand. 1993;149:521-523.

23. Bloch K, Schoenheimer R, Rittenberg D. Rate of formation and disap 
pearance of body creatine in normal animals. J Biol Chem. 1941; 138:155- 
166.

24. Earnest CP, Snell PG, Rodriguez R, Almada AL, Mitchell TL. The effect 
of creatine monohydrate ingestion on anaerobic power indices, muscular 
strength, and body composition. Acta Physiol Scand. 1995; 153:207-209.

25. Moller A, Hamprecht B. Creatine transport in cultured cells of rat and 
mouse brain. J Neurochem. 1989;52:544-550.

26. Walker JB. Creatine: biosynthesis, regulation, and function. In: Meister A, 
ed. Advances in Enzymology. Vol 50. New York: John Wiley and Sons; 
1979:177-242.

27. Harris RC, Viru M, Greenhaff PL, Hultman E. The effect of oral creatine 
supplementation on running performance during maximal short term 
exercise in man. J Physiol. 1993;467:74P.

28. Greenhaff PL, Casey A, Short AH, Harris R, Soderlund K, Hultman E. 
Influence of oral creatine supplementation of muscle torque during 
repeated bouts of maximal voluntary exercise in man. Clin. Sci. 1993;84: 
565-571.

29. Hultman E, Soderlund K, Timmons JA, Cederblad G, Greenhaff PL. 
Muscle creatine loading in man. J Appl Physiol. 1996;81:232-237.

30. Bessman SP, Mohan C. Phosphocreatine, exercise, protein synthesis, and 
insulin. In: De Deyn PP, Marescau B, Stalon V, Qureshi IA, eds. 
Guanidino Compounds in Biology and Medicine. London: John Libbey 
and Co.; 1992:181-186.

31. Fitch CD, Shields RP. Creatine metabolism in skeletal muscle. I. Creatine 
movement across muscle membranes. J Biol Chem. 1966;241:3611-3614.

32. Carpenter CL, Mohan C, Bessman SP. Inhibition of protein and lipid 
synthesis in muscle by 2:4-dinitrofluorobenzene, an inhibitor of creatine 
phosphokinase. Biochem Biophys Res Comm. 1983;! 11:884-889.

33. Earnest CP, Almada AL, Mitchell TL. High performance capillary 
electrophoresis-pure creatine monohydrate reduces blood lipids in men 
and women. Clin. Sci. 1996;91:113-118.

34. Clark JF, Odoom J, Tracey I, Dunn J, Boehm EA, Paternostro G, Radda 
GK. Experimental observations of creatine and creatine phosphate metab 
olism. In: Conway MA, Clark JF, eds. Creatine and Creatine Phosphate: 
Scientific and Clinical Perspectives. London: Academic Press; 1996:33- 
50.

35. Rose WC. The metabolism of creatine and creatinine. Ann Rev Biochem. 
1933;2:187-206.

36. Scott DP, Davidheiser S, Coburn RF. Effects of elevation of phosphocre 
atine on force and metabolism in rabbit aorta. Am J Physiol. 1987;253: 
H461-H465.

37. Saks VA, Javadov SA, Pozin E, Preobrazhensky AN. Biochemical basis of 
the protective action of phosphocreatine on the ischemic myocardium. In: 
Saks VA, Bobkov YG, Strumia E, eds. Creatine Phosphate: Biochemistry,

50 Volume 32 • Number 1 • March 1997



Pharmacology, and Clinical Efficiency. Torino Italy: Edizioni Minerva 
Medica; 1987:270-273.

38. Saks VA, Kuznetsov AV, Kupriyanov VV, Miceli MV, Jacobus WE. 
Creatine kinase of rat heart mitochondria. J Biol Chem. 1985;891:138- 
144.

39. Saks VA, Strumia E. Phosphocreatine: molecular and cellular aspects of 
the mechanism of cardioprotective action. Curr Ther Res. 1993;53:565- 
598.

40. Sharov VG, Saks VA, Kupriyanov VV, Lakomkin VL, Kapelko VI, 
Steinschneider AY, Javadov SA. Protection of ischemic myocardium by 
exogenous phosphocreatine I. Morphologic and phosphorus 31-Nuclear 
magnetic resonance studies. JThorac Cardiovasc Surg. 1987;94:749-761.

41. Satolli F, Marches! G. Creatine phosphate in rehabilitation of patients with 
muscles hypotonotrophy of the lower extremity. Curr Ther Res. 1989;46: 
67-73.

42. Piacenza G, Strumia E, Lorenzi E, Borgoglio R. Creatine phosphate 
effects on red blood cells. In: Saks VA, Bobkov YG, Strumia E, eds. 
Creatine Phosphate: Biochemistry, Pharmacology, and Clinical Effi 
ciency. Torino Italy: Edizioni Minerva Medica; 1987:177-184.

43. Down WH, Chasseaud LF, Ballard SA. The effect of intravenously 
administered phosphocreatine on ATP and phosphocreatine concentra 
tions in the cardiac muscle of the rat. Arzneim Forsh. 1983;33:552- 
554.

44. Fagbemi O, Kane KA, Parratt JR. Creatine phosphate suppresses ventric 
ular arrhythmias resulting from coronary artery ligation. J Cardiovasc 
Pharmacol. 1982;4:53-58.

45. Conway MA, Rajagopalan B, Radda GK. Skeletal muscle metabolism in 
heart failure. In: Conway MA, Clark JF, eds. Creatine and Creatine 
Phosphate: Scientific and Clinical Perspectives. London: Academic Press; 
1996:161-184.

Journal of Athletic Training 51



The 21st-century College Student: 
Implications for Athletic Training Education 
Programs
Malissa Martin, EdD, ATC; Barton Buxton, PhD, ATC

Objective: With the onset of the 21st century and increasing 
student diversity, institutions of higher education must become 
more attuned to the challenges, concerns, and needs of 
students entering the professions of athletic training and sports 
medicine. This review discusses the characteristics of the 
21st-century college student.

Data Sources. The sources for this information were 
courses of study in the authors' doctoral programs from 1980 
to 1994.

Data Synthesis. In the 21 st century, students of increasingly 
diverse ages, races, cultures, ethnicities, and classes will enter

the professions of athletic training and sports medicine. Insti 
tutions of higher education that recognize the needs of their 
nontraditional students will be better able to serve these 
students.

Conclusions/Recommendations: To effectively serve the 
21st-century student, institutions of higher education must 
provide multicultural training, flexible schedules, accelerated 
programs, and learning experiences that are both practical and 
tangible.

Key Words: student athletic trainer, college student demo 
graphics

C ensus reports and institutional research (demographic 
research done by individual institutions) results indicate 
that demographic changes in the United States will 

bring a different type of student to institutions of higher 
education in the 21st century. 1 '2 In the more than 2000 colleges 
and universities across the United States, there is ever growing 
diversity among the demographic variables that characterize 
student populations. Students matriculating through the educa 
tional pipeline into institutions of higher education will be 
increasingly diverse in race, ethnicity, culture, age, and class. 3 
This diversification will drastically change the current make-up 
of the "traditional" college student. In turn, this "new" student 
will matriculate into athletic training education programs and 
change the current demographic complexion of athletic train 
ing. The purpose of this paper is to discuss the impending 
demographic changes in the 21st-century college student pop 
ulation and address various implications these changes may 
have on athletic training education programs and the profes 
sion.

MULTICULTURAL DIVERSIFICATION

The current diversification trends in the United States began 
in the late 1960s, as a result of increasing immigration patterns 
and differential birthrates among varying racial/ethnic groups.4 
This immigration wave, which has resulted from documented 
(legal) immigrants, nondocumented immigrants (illegal), and 
refugees (34% Asian, 34% Latin American), is the largest in 
U.S. history. Furthermore, this pattern of immigration demon 
strates a definitive shift from the historical trends of European 
immigration, whose members were "readily assimilated" into
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the mainstream culture.4 The immigrant of today's society has 
an expanded sociocultural background that has not historically 
been as readily assimilated into traditional Western culture.

Although immigration waves impact diversification trends, 
birthrates among immigrants, as well as other ethnic groups 
already in residence, are resulting in dramatically increased 
nonwhite populations. In 1990, the U.S. Census Bureau2 
indicated that during the 1980s alone the Asian-American 
population increased by 79.5%, Hispanic-American by 38.7%, 
Native American by 21.6%, and African-American by 14.4%, 
whereas the Caucasian population in the U.S. increased by a 
rate of only 7% during the same time period. Population 
increases are directly related to rising birthrates, which reflect 
that on average Vietnamese, Latino, Cambodian, and Hmong 
mothers give birth to 3.4, 4.6, 7.4, and 11.9 children, respec 
tively,4 whereas Caucasian, African-American, and Mexican- 
American mothers give birth to 1.7, 2.4, and 2.9 children, 
respectively. By and large, the changes in the complexion of 
the U.S. populace are becoming more and more evident. This 
is particularly evident in California, a state that serves as a 
bellwether for national trends.4 In fact, in 1990 California 
reported that Asian Americans, African Americans, and His 
panic Americans (combined) made up more than 40% of the 
state's population, and it was projected that by the year 2000 
the same collective group would make up over 50% of the 
state's citizenry.2 On a national level, the U.S. Census Bureau 
(1986) 5 predicted a U.S. population of over 280 million by the 
year 2000, consisting of 200 million Caucasians, 37 million 
African Americans, 31 million Hispanic Americans, and 12 
million Asian Americans and other racial/ethnic minority 
groups.

These national patterns are already being demonstrated in 
educational settings. In 1988, the number of Caucasian stu 
dents in California's public schools dropped to below 50% of 
the total enrollment.4 Further, it was reported in 1990 that one 
in four of these students lived in homes where English was the
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second language and one in six was foreign born. With 
educational patterns changing, the impact of a diversifying 
U.S. populace is expected in the labor force. Some authors 
predict an increase in the number of "minorities" in the work 
force to more than 30%, from the 1990s to the 21st century. 6 

In 1995, 64 of the 94 (68%) accredited or approved athletic 
training education programs in the United States were surveyed 
about the demographics of their respective programs, and the 
findings were reported at the National Athletic Trainers' 
Association Professional Education Committee Educator 
Workshop.7 Interestingly, the respondents indicated that, of the 
mean number (± SD) of students enrolled in their programs 
(41.0 ± 31.1), 36.7 (± 27.5) were Caucasian, 1.6 (± 1.4) were 
Asian American, 1.1 (± 0.4) were Native American, 1.4 (± 
0.5) were Hispanic American, 1.9 (± 2.3) were African 
American, and 1.5 (± 0.6) were classified as other. The fact 
that 18% (7.5/41) of the students currently enrolled in accred 
ited or approved athletic training educational curricula are from 
minority populations indicates that the overall multicultural 
diversification trends in the United States are slowly beginning 
to affect athletic training education programs. Furthermore, 
these findings suggest that with a populace that is predomi 
nantly Caucasian (89%), there is presently, and will be in the 
future, a need for multicultural training for athletic training 
education program directors and academic and clinical faculty.

CHANGES IN AGES OF STUDENTS AND FULL-TIME 
VERSUS PART-TIME STUDENTS

In the next century, institutions of higher education will 
experience a major increase in part-time college students and a 
decline of about one million full-time students. 3 Due to 
economic situations and the increase in at-risk youth and youth 
coming from poor families (today poverty is more common 
among children than any other age group), more students 
attending college will need both financial and academic assis 
tance. An increased number of students will come from lower 
and upper socioeconomic classes. There will be less financial 
aid for the middle class. Today, the Pell Grant System is 
operating at a 2 million dollar deficit. This deficit along with 
decreasing scholarship opportunities on the national and state 
levels may force students to 1) live at home and attend junior 
college or a nearby 4-year school, 2) delay attending school 
and work to save money for rising tuition, or 3) attend school 
on a part-time basis while working. 8 Consequently there will 
be an increase in the number of transfer students and part-time 
students attending college.9

As a result of an increasing number of transfer and part-time 
students, the traditional age (18-22) of the undergraduate 
college student will become increasingly older. It is estimated 
that by the year 2000 there will be in excess of 20 million 
students over the age of 22. u°~12 Many students will begin 
school later or will return for additional training and education. 
This will require more adult and continuing education pro 
grams. Instead of drop-outs there will be "stop-out" students 
who take a break from academia and return at a later date.3 
These stop-out students will require institutions to focus not on 
the time it takes to complete an education but rather on the

content and outcomes of the educational process. Stop-out 
students will bring change to the traditional straight-through 
principle of college education.

Nontraditional-aged undergraduate students create concerns 
not normally associated with the traditional 18- to 22-year-old. 
They have obligations other than school that are a must for 
survival. Most are paying their own way through school and 
depend upon part-time or full-time employment. Many are 
married with children, and family obligations are major con 
cerns. Schedules often become complicated. However, with 
these nontraditional student obligations come students who are 
more mature and serious about their education. They start 
school or return knowing what they want from their education. 
They want a tangible learning experience and usually have set 
goals and a good sense of direction. 13 They are adult learners 
with adult ideas and responsibilities. In addition to demo 
graphic changes seen among 21st-century college students, 
there will also be differences in motivational levels, critical 
thinking skills, and ideas and confidence levels between 
nontraditional- and traditional-aged students. Traditional stu 
dents will be less independent in thought and reasoning and 
more dependent on the wishes and ideas of authority. They will 
be more passive, will be more dependent upon immediate 
gratification, and will have more problems with basic reading 
and writing skills. 14 These will bring challenges to athletic 
training program directors, educators, and clinical instructors.

IMPLICATIONS FOR ATHLETIC TRAINING 
EDUCATION PROGRAMS

The more heterogeneous and dynamic the external environ 
ment of higher education becomes, the more complex and 
differentiated the internal structure must be. 15 Institutions of 
higher education are dependent upon the external environment 
for survival. Therefore, as athletic training education programs 
turn toward the 21st century, there are a number of consider 
ations that must be addressed in order to facilitate the needs of 
society.

With concern for the multicultural diversification, athletic 
training educators and professionals should examine the need 
to 1) acquire cross-cultural communication skills, 2) become 
more aware of their attitudes toward ethnic minorities, and 3) 
increase knowledge about traditional and nontraditional minor 
ity populations. Athletic training educational curricula should 
encourage students to participate in foreign language classes as 
part of their core educational humanities requirements. This 
will enhance the future professional's ability for cross-cultural 
communication. In turn, athletic training students should be 
exposed to social science components that stimulate and 
enhance multicultural knowledge and awareness through di 
dactic presentations regarding various cultural, ethnic, gender, 
and racial groups. Lastly, athletic training educators and 
professionals need to become more aware of prejudices, 
stereotypes, misconceptions, or a combination of these, about 
members of cultural and ethnic groups that differ from their 
own. Ultimately, through an increased knowledge and aware 
ness of multicultural issues the 21st-century athletic trainer will

Journal of Athletic Training 53



be better prepared to facilitate the educational and health care 
needs of society.

With concern for the traditional straight-through approach to 
a college education, athletic training educators will have to 
consider alternative approaches that still meet the requirements 
of sitting for the National Athletic Trainers' Association Board 
of Certification (NATABOC) examination. Part-time students 
will require more time to complete a degree. Clinical schedules 
for these students may have to be more flexible, though not to 
the point that they sacrifice clinical skills and cognitive 
experiences. Additional concentrated time and effort in advise 
ment will have to be given to these students to develop 
academic and clinical schedules that ensure their achievement 
of academic, clinical, and professional goals.

Taking more time to complete a degree or developing a 
flexible clinical experience does not mean that programs will 
be forced to lower academic standards or expectations. What it 
will take, however, is more patience, creativity, and effort on 
the part of program directors and educators in developing 
programs of study and clinical experiences for these students. 
Advisement sessions may have to be scheduled for evening or 
weekend hours when students are more available. Some 
clinical experiences may have to take place on weekends in a 
greater variety of settings (NATABOC-approved recreational 
and intramural programs), and classes may have to be con 
ducted during evening hours to accommodate late-night or 
morning employment and afternoon clinical experiences.

Accelerated programs need to be developed to assist the 
overachieving student to finish a degree in a shorter period of 
time because of limited financial aid and support. Accelerated 
programs may also provide the opportunity for a student to 
finish a college degree in 4 to 5 years with two majors rather 
than one, which would increase employment opportunities. An 
example of this would be a teaching certificate or health fitness 
major combined with an athletic training degree. In addition, 
accelerated programs could allow students to begin master's 
course work during their 4th year of undergraduate work and 
finish with a master's degree in 5 years. This program may 
require summer school attendance, but a student could obtain 
an undergraduate and master's degree in a 5-year period rather 
than 6.

It is important for program directors and clinical instructors 
to understand that 21st-century students will have a need for 
practical and tangible learning experiences. They will want 
their learning experiences to help them understand and ade 
quately deal with situations they will face as a professional. As 
previously stated, the nontraditional-aged student is older and 
brings experiences to the classroom that are often broader and 
more extensive than traditional-aged students. As a result they 
seek to attain a higher level of competence in learning and take 
their academic experiences more seriously. 16 These students, if 
given the opportunity to share experiences, will enrich class 
room discussions. Older students and adult learners commonly 
possess more varied learning styles and therefore may require

more diverse and flexible methods of instruction in both 
classroom and clinical settings. 16

As a consequence of demographic predictions of the new 
college student, a pedagogical model specific to athletic 
training education needs to be developed that will meet the 
needs and expectations of the athletic training profession 
within a dynamic, ever-changing society. This model must also 
meet the needs of the 21st-century students who will be the 
athletic trainers of the future. Competition is endemic in 
American higher education. The rules of the game, the layout 
and condition of the field, the composition of the team, and the 
method of keeping score may vary from one segment of higher 
education to another. Athletic training education programs that 
are willing to rise to the challenges of demographically 
changed students and to develop strategies to meet student 
needs without decreasing academic, clinical, and professional 
standards will indeed be prepared for the vigor of student 
admission, attainment, and graduation competition in higher 
education.
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Clinical Implications of Diabetes on the Foot
Kristy Cook, ATC

Objective: Athletic trainers must understand the clinical 
implications of diabetes on the athletic foot in order to promote 
proper foot care and footwear and to adapt protocols for 
treatment and exercise of the affected athlete.

Data Sources. The MEDLINE and CINAHL databases were 
searched for the years 1984 to 1996 with the terms "diabetes 
and foot," "neuropathy," and "Charcot joint."

Data Synthesis: As more athletes with diabetes participate 
in sports, athletic trainers must develop the skills and knowl 
edge necessary to manage this metabolic illness. Although the 
need to keep blood glucose levels carefully controlled is well 
known, the impact of diabetes on the foot is not as well

recognized. Peripheral vascular disease, soft tissue neuropa 
thy, and neuropathic arthropathy are the most common com 
plications of diabetes affecting the foot. However, with proper 
management, these complications can be minimized, allowing 
diabetic athletes and nonathletes to lead more normal and 
functional lives.

Conclusions/Recommendations: The athletic trainer can 
assist the diabetic athlete by promoting proper foot care and 
footwear and adapting protocols for treatment and exercise.

Key Words: peripheral vascular disease, neuropathy, neuro 
pathic arthropathy

D iabetes is a disease that affects millions of Americans 
each year. Although the major focus is to regulate and 
control amounts of insulin and blood sugar, many 

complications will arise even after this goal has been met. As 
the life span of the afflicted population increases due to 
medical technology, unfortunately so does the risk of develop 
ing such complications. 1 With an extended life expectancy, 
people with diabetes are keeping active much longer than in 
years past.2 And, even though exercise has been shown to have 
positive effects upon the diabetic body, there is much concern 
that exercise may impose serious risks for foot injuries, 
particularly when the disease is advanced. 2 This paper will 
explain the effects of diabetes on the foot, address proper 
footwear and foot care, and discuss recommendations for 
exercise as well as treatment as they relate to the athletic 
trainer's exposure to this special population.

CAUSES OF INJURY

Injuries to the foot are usually sustained due to three 
conditions: peripheral vascular disease, neuropathy of the soft 
tissue, and neuropathic arthropathy or Charcot's arthropathy. 3

Although atherosclerosis occurs in the population as a 
whole, it is more commonly seen in the diabetic. Studies have 
shown that it appears at an earlier age, progresses faster, and is 
almost equal in the ratio of occurrence between men and 
women. 1 '4 '5 It is important to note that vascular disease in the 
diabetic affects both large and small blood vessels.4 When 
these atherosclerotic changes occur in the larger arteries, like 
the iliac and femoral, a thrombus is the usual result due to its 
occluding nature. If the occlusion is severe enough, blood 
supply to the lower extremity is cut off, resulting in gangrene.5 
On the other hand, blood flow may be only slightly impeded, 
causing ischemia, which is still a major problem for the
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diabetic. In most cases, it is the smaller vessels in the lower 
extremity, such as the peroneal and tibial arteries, that are 
affected.4'6 An interesting point to consider is that atheroscle 
rosis does not progress at the same speed in all vessels. 5 '7 For 
example, a patient may have both a dorsalis pedis and posterior 
tibial pulse, while still exhibiting gangrenous areas on or 
around the digits. 5

Besides gangrene in the lower extremity, peripheral vascular 
disease has other implications on the foot. A small, necrotic 
sore, called an ischemic ulcer, may form. The most common 
sites for these ulcers are the dorsum of the toes, the lateral foot, 
and the heel, which leads professionals to believe they origi 
nate from the pressure of footwear. 3 Of course, trauma from 
cuts, scrapes, and nail infections may also be the reason. 3 For 
the nondiabetic, these minor injuries are nothing more than a 
nuisance. However, for diabetics, they can inflict a large 
amount of damage. Due to the decreased blood flow, these 
wounds are slow to heal. If infection sets in, which is common 
because neutrophilic phagocytosis is hampered by hyperglyce- 
mia, the problem is compounded. The blood that was reaching 
the area, more than likely just enough to supply the tissues, is 
now overburdened by the infection. 8 Edema and inflammation 
of the surrounding tissues and lymphatic vessels occur, which 
increases the area of tissue necrosis, thereby sharply increasing 
the chance for gangrene to develop.3

Soft tissue neuropathy is the second cause of damage to the 
diabetic foot.3 It is predicted that at least 60% of the diabetic 
population has at least one type of neuropathy and that people 
who have had the disease for over 20 years exhibit symptoms 
of neuropathy. 3 Unfortunately, there is no treatment to halt the 
development of this condition. However, studies show that 
strict regulation of blood glucose retards its onset. 2

The most detrimental type of neuropathy related to the foot 
is somatic, or peripheral, neuropathy, which usually has a 
grave impact and presents itself in excess of 80% of patients 
with foot lesions.9 This type of neuropathy impairs the sensory 
nerves in the lower extremity and affects both large and small 
fibers. When small fibers are affected, pain and temperature 
sensation are decreased. 3 ' 10 "12 Involvement of the large fibers
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results in the impairment of light touch perception, proprio- 
ception, and motor neuropathy. 5 Patients will often report 
symptoms of dysesthesia, hyperesthesia, and paresthesia, 
which may advance to complete sensory loss.6 ' 13 Since the 
diabetic does not have the protective mechanisms of pain and 
proprioception, undetected foot trauma can occur. 1 '9 Diabetic 
persons may step on sharp objects and not perceive pain until 
a serious infection has set in, which may be ultimately limb 
threatening. Therefore, it is not uncommon for a diabetic to 
present with a swollen foot having no recollection of injury.9

Compounding this problem is autonomic neuropathy, which 
results in decreased lower extremity sweating. 12 In a normal 
foot, the epidermis is kept moist by the sweating mechanism, 
which keeps the skin soft and pliable. In the absence of 
sweating, the skin becomes dry and brittle, losing its ability to 
stretch. When the skin is forced to flex and extend, it cracks, 
which exposes the underlying layers of skin. This process is a 
vicious cycle, ultimately uncovering the deeper layers of the 
skin. 7 This process, as well as the neuropathic changes de 
scribed above, usually results in an infection and/or a neuro 
pathic ulcer.

Generally, people mistakenly believe that ulcers, whether 
neuropathic or dysvascular, are caused by unintended injury or 
ischemia due to constant pressure.7 On the contrary, ulcers are 
the direct result of moderate pressures repeated over and over 
on the same part of the foot. 7 To a healthy person, these 
pressures would not be uncomfortable in the least. Due to this 
fact, many have incorrectly concluded that diabetics have 
delicate feet and that "tissues lack a basic quality necessary for 
their preservation and healing."7

In reality, neurologically impaired extremities respond to 
stress in the same way that healthy feet respond. 7 The problem 
is that these anesthetized feet continue to endure a consistent 
pattern of repetitive forces, while a normal foot would perceive 
soreness. Healthy persons would change their gait after a few 
miles of walking so that the same area of the foot would not 
keep bearing all of the stress. The normal foot's ability to 
respond to soreness is the reason why healthy feet, unlike 
diabetic feet, remain virtually damage free during everyday 
activity. 7

The neuropathic ulcer is a direct result of diabetic neurop 
athy and is not correlated to peripheral vascular disease.6 These 
lesions are characteristically surrounded by calluses, are pain 
less, and may be present for a long time before medical care is 
sought. As alluded to earlier, these ulcers are a result of 
repetitive, undetected stresses due to a decreased sensory nerve 
supply. 3 Therefore, these ulcers occur at the sites where 
pressure is the greatest, which is commonly at the interphalan- 
geal joint of the hallux or in the forefoot beneath a metatarsal 
head. 12 The latter present as a result of the claw toe deformity. 
Due to motor neuropathy, the intrinsic muscles atrophy and in 
turn cause a concomitant contracture of the long flexors and 
extensors. Subsequently, the metatarsal fat pad moves anteri 
orly, exposing the metatarsal heads to bear much more weight 
than normal.4 '6 '7 ' 14 Ulcers may also be caused by an extrinsic 
injury, such as stepping on a piece of broken glass. 3 '7 Infection 
is common because the ulcers are painless and may be present 
for long periods of time before discovery. It is important to

note that an estimated 30% of all diabetics with forefoot plantar 
ulcers will have atherosclerosis of the tibial and peroneal 
arteries, which may slow healing time considerably or neces 
sitate amputation in some cases. 12

The last area of concern to the diabetic foot is neuropathic 
arthropathy, or the Charcot joint, which can also lead to the 
development of the neuropathic ulcer. In fact, the diabetic foot 
has the highest risk of developing a Charcot joint. 12' 15 ' 16 This 
is most prevalent in those patients who have had diabetes for a 
long period of time. 17 The disease is characterized by progres 
sive degeneration of the stress-bearing area of a joint. The 
process is usually a painless one, due to the fact that it is 
commonly accompanied by a neuropathic disease. 3 ' 16 Auto 
nomic neuropathy has been shown to be a key factor in the 
development of this disease because it results in arteriovenous 
shunting, which increases blood flow to the area. This abnor 
mally high blood flow leads to osteopenia, or a decreased 
amount of bone tissue due to demineralization, weakening, and 
pathologic fracture. 17 When this occurs simultaneously with 
loss of sensation and proprioception, small, undetected traumas 
from everyday activities occur. Since overall motor function is 
maintained in the lower extremity, the ongoing damage per 
petuates.

This predisposes the bony anatomy to progressive degener 
ation, which compromises structural integrity and leads to a 
collapse deformity.2' 16 Patterns of collapse and specific areas 
of degeneration will vary, but the most common sites are the 
tarsometatarsal and metatarsophalangeal joint areas. 3 ' 12 The 
common result is a flat foot or a forefoot valgus deformity. 
Effects on the ankle and hindfoot will result in a rearfoot or 
valgus deformity. 3

Now that the structure of the foot has been altered, pressure 
will be applied to these new bony prominences, producing 
neuropathic ulcers under these areas. To complicate matters, 
infection, possibly resulting in osteomyelitis, may set in as the 
diabetic continues to walk on the undetected lesions. If 
peripheral vascular disease is present, as it commonly is in the 
diabetic, the situation is even more precarious. Now the patient 
has an open, infected sore that will take a considerable amount 
of time to heal, if it is able to heal at all. Obviously, if healing 
is not a possibility, amputation is warranted.

FOOT CARE

In light of the previous information, it goes without saying 
that diabetics, especially active patients, should learn proper 
foot care, preferably at the time of diagnosis. This should 
include elements of foot hygiene as well as the selection of 
proper footwear.

Patients should wash feet daily using lukewarm water and 
mild soap, because heavy perfumes can irritate and dry the 
skin. 2 ' 8 Patients should never place a foot in water without 
testing the temperature first with a thermometer, or perhaps an 
elbow. Electric blankets, hot water bottles, and heating pads 
should be avoided in light of possible sensory loss. 1 '2 '4 The 
skin should be dried carefully and thoroughly, especially 
between and under the toes, because skin left moist will 
macerate and provide a breeding ground for fungus. If the skin
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is dry, a lanolin lotion or petroleum jelly should be applied, 
except in between the toes, to prevent fissures that may be a 
portal for infection. 1 '2 '4 The toenails should be cut to the shape 
of the toe, and all sharp edges should be filed to prevent injury 
to other toes. Ingrown toenails should not be cut in a "V" as the 
healthy population often does. This will leave jagged edges and 
increase the risk for injury. 1 '8 The final step in daily foot care 
is to carefully inspect the feet for any type of wound or injury, 
including blisters and calluses. Any type of cut or abrasion 
should be cleaned with an antiseptic and covered with sterile 
gauze. Blisters should not be broken but should be covered 
with a sterile dressing because deeper exposed skin can 
become infected. 8 If corns or calluses are present, inform 
patients not to use over-the-counter removers. These contain 
salicylic acid, which can eat away the callus as well as the 
healthy skin beneath it, creating once again a path for disease. 
Calluses should be removed with fine sandpaper or pumice 
stone very gently, so the skin is not broken. Some of the callus 
should remain because it is protective in nature. 8

FOOTWEAR

The selection of appropriate footwear is just as important as 
foot care. Make sure that diabetics know not to wear anything 
that would occlude blood flow, such as tight garters or knee 
socks, 8 which would just compound any vascular disorder. 
Instruct patients to wear footwear at all times, the only 
exceptions being when they are in bed or in the shower. 1 Often 
preventable trauma occurs when the diabetic patient steps on 
an object while barefooted. Socks need to be hole free, clean, 
and changed daily. Socks that are mended instead of thrown 
away can cause unwanted friction upon the foot. 1 '2 If the 
patient works out often, socks must be changed after every 
workout. It is also helpful to wear two pairs of socks, the one 
closest to the skin inside out, and the other in the normal 
fashion. In this way, the seam in the toe is less likely to cause 
irritation. Socks should be checked for any foreign objects 
inside before they are worn. 2 When instructing the patient on 
how to choose shoes, there are several things to keep in mind. 
A large number of ulcers are the result of poorly fitting shoes.6 
A space of half a thumb's width should be left between the 
longest toe and the end of the shoe. The heel should fit snugly 
enough to prevent sliding, yet should be roomy enough to not 
cause friction injury. Patients should be instructed to stand 
while trying on shoes because the width and length of the foot 
change during weight bearing. 2 Late afternoon, when the feet 
are the largest, is the best time of day to purchase shoes. All 
new shoes should be broken in gradually, with a typical 
schedule being two hours the first week, four hours the second 
week, and so on. 1 People without notable neuropathy can 
participate in most recreational and leisure activities wearing a 
high-quality athletic shoe, provided it fits properly. This also 
holds true for those diabetics experiencing mild neuropathy 
without forefoot or hindfoot deformity.2 For the diabetic with 
foot deformities, appropriate footwear becomes a costly neces 
sity. Shoes must be able to accommodate such deformities 
while not inflicting new injuries. In this case, shoes should be 
made of soft, moldable leather, preferably with one seam at the

back of the shoe.2 The claw toe deformity usually necessitates 
a shoe with an extra-deep toe box to decrease pressure on the 
top of the toes, and an individual with an ataxic gait may need 
a flared heel for balance.2 '6 If insoles are used to cushion bony 
prominences, an extra-deep shoe is necessary to prevent excess 
pressure on the foot that would normally occur because of the 
space-occupying orthotic. 1

EXERCISE CONSIDERATIONS

Before, during, and after exercise, the diabetic needs to take 
critical precautions due to the nature of the disease. Diabetic 
tendons and ligaments tend to be less elastic than their healthy 
counterparts. For this reason, it is doubly important for a 
diabetic to perform proper warm-up activities. Although those 
persons without neuropathy can exercise without limitations, 
daily foot inspection and hygiene should never be ignored. 
Those affected with pedal neuropathy should opt for low- 
impact activities over high-impact ones, thereby decreasing 
their chance of injury. All diabetic patients should be urged to 
see their physician when any type of swelling appears, because 
it could be a sign of a serious underlying problem.2

Foot injuries in the diabetic need to be addressed seriously 
and with the utmost urgency. Something as transient as an 
ankle sprain, harmless in a healthy patient, can be a limb- or 
life-threatening situation in the diabetic.2 Athletic trainers who 
work with this special population need to comprehend that 
normal protocols used for healthy patients may not be suitable 
for those with the disease. An inversion sprain of the ankle 
normally treated with the RICE (rest, ice, compression, eleva 
tion) principle in an average person could have a protocol that 
includes a full-contact cast for the diabetic, depending upon the 
complications. 2 As a reminder, it is critical to point out that ice 
is contraindicated in the diabetic patient due to the prevalence 
of decreased circulation and sensation.

The rehabilitation of the diabetic will, likewise, differ from 
that of a healthy individual. Due to balance deficits, a biome- 
chanical ankle platform system (BAPS) board may be difficult 
for a diabetic to use. In addition, since proprioception could 
possibly be lacking, this rehabilitation tool so popular with the 
sports medicine community may inflict additional injury. 2 
Active range of motion should be advocated, and passive range 
of motion should be performed with caution during rehabilita 
tion. Strengthening exercises are effective when an elastic, 
therapeutic band is utilized and resistance can be increased 
slowly with the absence of swelling. Closed kinetic chain 
exercises are recommended when the involved side regains 
75% of the strength of the uninvolved side. Finally, the diabetic 
can be progressed to isokinetic exercises as long as there 
continues to be a lack of swelling.2

CONCLUSIONS

Diabetes has been shown to have serious detrimental effects 
on the foot. Despite years of research, the disease is still an 
enigma to the medical community. But, by knowing about the 
complications and how they affect the body, as well as how to
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treat injuries as they occur, the diabetic population, both active 
and inactive, can lead more normal and functional lives.
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Exertional Chest Pain in an Intercollegiate 
Athlete
Katherine R. Newsham, ATC

Objective: To present the case of an intercollegiate soccer 
player who collapsed twice within a week during vigorous 
exercise, with radiating chest pain and dyspnea.

Background: Episodes of chest pain or syncope in athletes 
are often alarming and may signal an underlying cardiac 
condition. Recognition and management of these athletes is 
vital to the reduction of sudden cardiac death in athletics.

Differential Diagnosis: Cardiac arrest, structural abnormal 
ity, valvular dysfunction, coronary artery disease, anomalous 
coronary artery, coronary vasospasm, asthma.

Treatment: Standard treatment in these cases requires 
stabilization of the athlete and identification of the cause of 
chest pain. An electrocardiogram, echocardiogram, and exer 
cise electrocardiogram demonstrated asymmetric T-wave in 
version but otherwise were within normal limits. After the

second episode of collapse, the athlete underwent extensive 
noninvasive cardiopulmonary testing. The athlete did not con 
sent to cardiac catheterization; an angiogram was not obtained.

Uniqueness: A diagnosis of chest pain, unknown etiology, 
was offered. The athlete was permitted to return to athletics 
with this clinical diagnosis. No condition was identified as the 
cause of the chest pain or abnormal EGG.

Conclusions: Further testing may have identified the cause 
of chest pain, but the athlete did not consent to this. Recent 
research indicates that some signs and symptoms previously 
considered benign may serve as indicators for sudden death 
candidates.

Key Words: Sudden death; abnormal EGG; arrhythmia; 
syncope.

S udden collapse of a highly conditioned athlete is an 
alarming situation. While there are benign causes of 
syncope and collapse (eg, vasovagal reaction), each 

episode must be evaluated with a high index of suspicion to 
rule out serious or life-threatening conditions. Prompt recog 
nition and management of the distressed athlete is central to 
reduction of mortality rate in athletes who collapse during 
physical exertion.

CASE REPORT

The patient was a 21 -year-old, white, male, intercollegiate 
soccer player who collapsed near the end of a two-mile fitness 
test. He felt chest discomfort at the 1 1/2-mile mark of the test 
course and collapsed at the 1 3/4-mile mark with sharp chest 
pain that radiated to his left axilla and up toward his jaw. He 
also complained of severe shortness of breath. The athlete did 
not lose consciousness but was semilucid at times and com 
plained of extreme fatigue and dizziness. This test was con 
ducted prior to the start of fall soccer practices with tempera 
tures at the time of the run in the low 90s with 80% humidity.

The athlete's family history was negative for sudden death 
and heart disease, and the individual denied a history of heart 
murmur, rheumatic fever, or drug use. This athlete did have a 
history of asthma that, while troublesome in the past, had 
become very minimal over the past 2 years. He had indepen 
dently discontinued use of an albuterol inhaler but continued to 
use terfenadine b.i.d., as prescribed by his physician. He denied 
use of any other medications. Just prior to the fitness test, the 
athlete had completed a summer conditioning program that 
included 3- to 5 -mile runs in environmental conditions similar

Katherine R. Newsham is affiliated with the Dayton Sports Medicine 
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to those of the test course. He reported feeling acclimated to 
hot and humid conditions.

Shortly after collapse, the athlete was transported to the 
emergency room by ambulance. His dizziness persisted, 
though to a lesser extent, in the emergency room. Heart sounds 
were normal, lungs were clear, heart rate was 65 beats per 
minute (bpm), and blood pressure was 118/80 mmHg. Elec 
trolyte levels and blood gasses were within normal limits. No 
other laboratory tests were reported. Chest x-rays were unre 
markable with normal heart size and clear lungs. An electro 
cardiogram (ECG) demonstrated asymmetric T-wave inver 
sion. An echocardiogram demonstrated normal chamber size, 
no mitral valve prolapse, and no evidence of structural heart 
disease.

The athlete was released from the emergency room by the 
cardiologist, with a treadmill test scheduled for the following 
day. In the exercise ECG, the athlete ran for 15 minutes (5.5 
mph, 20% grade, heart rate 1 84 bpm) when he stopped due to 
fatigue. The T-wave inversion normalized somewhat during 
this exam and was, overall, less prominent than it had been in 
the emergency room. There were no arrhythmias or ischemic 
S-T segment changes during the treadmill test. At this point, 
the collapse was considered an isolated incident of chest pain 
(unknown etiology), and the athlete was released for further 
soccer activities. He was advised to monitor hydration levels 
closely, though dehydration was not cited as the cause of 
collapse, and to reduce activity when environmental conditions 
warranted.

The athlete participated in soccer practices for 6 days 
without incident before he collapsed (second episode) while 
running sprints. The athlete had severe shortness of breath, 
profuse perspiration, and sharp chest pain that radiated to his 
left axilla. His heart rate was 210 bpm. In an effort to slow the 
tachycardia, the athletic trainer on site instructed the athlete to
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briefly perform a Valsalva maneuver and applied pressure to 
the carotid sinus for about 10 seconds (twice); the heart rate 
normalized somewhat (100 bpm). The athlete was transported 
to the emergency room where his heart rate had slowed to 65 
bpm. The ECG now showed less prominent T-wave inversion 
than was present on previous exams. Electrolyte levels were 
within normal limits. Chest discomfort persisted in the emer 
gency room but was completely relieved by sublingual nitro- 
glycerin. At this time, the athlete admitted having similar chest 
discomfort while lying in bed the previous night. That pain 
resolved spontaneously.

The athlete was admitted to the hospital for 24-hour obser 
vation and to monitor CPK (creatine kinase) level and serial 
ECGs. The CPK levels were elevated (991 U/L), but relative 
index (RI) was negative. Relative index of MB (myocardial 
component of creatine kinase) was reported to be <1.0; MB RI 
>3.5 is considered a positive MB, consistent with cardiac 
arrest. 1 The elevated CPK was attributed to skeletal muscle 
injury, not of cardiac origin. The serial ECGs remained stable, 
demonstrating varying degrees of inferior and anterolateral 
T-wave inversion and episodes of sinus bradycardia. During 
the observation period, the athlete had three additional epi 
sodes of chest pain that were relieved by sublingual nitroglyc- 
erin. Cardiac catheterization was a consideration at this time, as 
was a Holler monitor.

The athlete's family wished to consult a cardiologist in their 
hometown at this point. The cardiac catheterization was de 
layed in favor of other, noninvasive testing. A pulmonary 
function test confirmed the asthma diagnosis and the medica 
tion regime was modified (nedocromil sodium inhaler four 
times a day, albuterol inhaler as necessary, loratadine, and 
triamcinolone acetonide inhaler). An exercise echocardiogram 
was normal. Exercise ECG and thallium scintigraphy were 
normal; the athlete exercised for almost 17 minutes and no 
arrhythmias were observed. A Holler monitor was employed 
for a 24-hour period during which Ihe alhlele reported episodes 
of chesl discomfort (al relative or complete resl). None of these 
episodes correlated with any abnormal cardiac rhythms. The 
Holler monitor was reported as normal.

The physicians involved in Ihis case fell lhal it would be 
reasonable for this athlete to return lo athletics if thai was his 
wish. He did participate in limited praclice for two days before 
deciding thai Ihe risk was loo great The alhlele continues to 
report occasional episodes of moderate chest pain and heart 
palpilalions. He would consenl lo angiography if anolher 
episode of collapse occurs, bul olherwise plans to continue 
recreational activities as allowed.

DISCUSSION

No specific diagnosis was offered in Ihis case. Many of 
Ihe diagnostic lesls were negative, which, while helping lo 
rule oul certain conditions, did not provide Ihe physician or 
patient with a cause of chesl pain or syncope. Chest pain and 
syncopal episodes in athletes may be altributed lo several 
conditions. '~ 14 The 26th Bethesda Conference has ad 
dressed sudden cardiac death (SCO) in athletes and has 
suggested that syncopal episodes may be spontaneously

aborted episodes of SCD.2 Certainly, differential diagnosis 
in these cases will include struclural myocardial abnormal 
ities, valvular abnormalities, anomalous coronary arteries, 
and arrhythmias, as well as metabolic disorders and asthma. 
Each of these conditions should be considered and investi 
gated in the case of athletes who collapse during or shortly 
after exercise.

Structural Abnormalities

Slructural abnormalities are common causes of unexpected 
sudden cardiac dealh in athletes. 14 Two abnormalities thai are 
associated with SCD and are relatively familiar lo sports 
medicine practitioners are hypertrophic cardiomyopathy 
(HCM) and Marfan's syndrome. Both of Ihese conditions are 
congenilal and generally preclude athletic participation.2 HCM 
is characterized by a Ihickening of the left ventricular wall. In 
mosl palienls wilh HCM, no cardiac symptoms precipitate 
episodes of SCD. 14 HCM may be reliably assessed through 
noninvasive testing, specifically ECG, echocardiogram, and 
magnetic resonance imaging (MRI).2'7 In a highly Irained 
athlete, physiologic hypertrophy (athletic heart) can be difficult 
to distinguish from pathologic hypertrophy (HCM); because of 
the ramifications of this diagnosis, care must be taken to avoid 
overdiagnosing HCM.2

Marfan's syndrome is normally found in very tall athletes 
and involves weakening and rupture of the aorta. 2 '7 These 
alhleles may nol exhibil cardiac symptoms until the fatal 
episode, but the condition can be identified through skeletal 
features, eye examination, and echocardiogram.2 Cardiovascu- 
larly, Ihe condition can manifest as mitral valve prolapse wilh 
aortic dilation.2 Individuals wilh Marfan's syndrome should 
nol participate in contact or collision sports. 2

Valvular Abnormalities

Valvular stenosis and valvular regurgitation are also consid 
ered conlribulors lo SCD, Ihough there are limited dala 
regarding valvular dysfunction and periodic slrenuous exer 
cise.2 Isolated valvular regurgitation is generally considered lo 
be a low-risk factor for SCD in alhleles. 2 '7 Doppler echocar- 
diography besl demonstrates mosl valvular defecls lhal presenl 
as murmurs in auscullalory exam.7

Milral valve prolapse (MVP) is often considered separately 
Ihough it does involve regurgitation.2 It is considered to be a 
generally benign disorder thai occurs frequently in the general 
population (~5%).2 SCD has been reported in alhleles with 
MVP, but this is rare. 2'7 Again, heart murmurs identified 
through auscultalory evaluation would prompt further diagnos 
tic testing in these athletes. MVP does not necessarily preclude 
athletic participation, unless Ihe alhlele has syncopal episodes, 
arrhylhmia, or family history of SCD. 2

Anomalous Coronary Arteries

Anomalous coronary arteries, usually congenilal defecls, 
have been implicated in exertional syncope and angina. 7 ' 14 
This condition is recognized as a risk factor in SCD. 14
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During exertion, the anomalous artery may be compressed, 
obstructing blood flow. This may lead to ischemia, arrhyth 
mia, or syncope. 5 This condition is demonstrated by ultra- 
sonography and angiography through catheterization.4 An 
exercise ECG with thallium scintigraphy may also identify 
anomalous arteries. 7 An angiogram was not obtained in this 
case; this could have confirmed or rejected the diagnosis of 
anomalous artery. The negative thallium scan in this case 
may seem ambiguous in light of continued symptoms.

Coronary artery disease (CAD) is a frequent cause of 
exercise-related cardiac events in adults. Atherosclerotic cor 
onary narrowing can diminish artery flow during periods of 
increased myocardial oxygen demand.2 Areas of narrowing are 
also susceptible to vasospastic activity.2 Coronary vasospasm 
presents angina-like chest pain and has been associated with 
hyperventilation and ventricular tachycardia. 8 ' 15 Such spasm 
can occur with or without CAD, however, and should be 
considered when there is evidence of myocardial ischemia with 
minimal coronary disease or transient S-T segment changes. 2 ' 8 
Cocaine use has been associated with vasospastic activity.7 
Coronary vasospasm is traditionally diagnosed by infusion of 
ergonovine maleate during coronary arteriography;4 a hyper- 
ventilation challenge test is offered as a noninvasive alterna 
tive. 8 Neither of these procedures was applied in this case 
because the athlete did not consent to angiography and the 
challenge test is not widely employed in the United States.

Risk of athletic participation for individuals with coronary 
vasospasm is unknown.2 However, coronary vasospasm can 
lead to cardiac arrest. 2 '3 A cautious approach is recommended 
by the 26th Bethesda Conference.2

Arrhythmias

Arrhythmia can occur both during exercise and at rest, and 
sometimes the athlete is unaware of its occurrence. 16 Athletes 
are often cognizant of episodes of tachyrhythmia, though, and 
will report a "racing heart." Some episodes of accelerated heart 
rate may be benign; a careful history may help differentiate 
between benign and significant episodes. Tachyrhythmia that 
has a sudden onset and is too fast to count should be considered 
a tachyrhythmia other than sinus tachycardia. 16 A majority of 
arrhythmias in SCD are tachyrhythmia;6 thus each episode of 
tachyrhythmia should be evaluated thoroughly. There is also a 
concern that in a trained athlete, competing under extreme 
conditions, even a minor rhythmic disturbance may lead to 
fibrillation. 1 ' 11 Syncopal episodes accompanied by arrhythmia 
should be thoroughly evaluated to rule out underlying cardiac 
conditions. 2 ' 3 ' 10

Arrhythmia is demonstrated by ECG. An abnormal ECG 
should provoke investigation, keeping in mind that not all arrhyth 
mias preclude athletic participation.2 Specific to this case is an 
abnormal ECG with T-wave inversion. Inversion of the T-wave 
has not always been considered especially alarming, but recent 
research has indicated that specific changes in the T-wave can be 
linked to fatal arrhythmias.2' 17 There appears to be some relation 
ship between flat or inverted T-wave and cardiomyopathy and/or 
coronary artery abnormalities.7

Additionally, arrhythmias can result from viral infections. 
Myocarditis can cause such arrhythmia. This condition is usually 
precipitated by a flu-like illness, with the athlete presenting 
fatigue, syncope, palpitations, or arrhythmia.7 Again, ECG, echo- 
cardiogram and, possibly, biopsy may be employed to rule out a 
life-threatening condition.2 Drug abuse (particularly cocaine) has 
also been linked to myocarditis and arrhythmia.2 '7

Metabolic Conditions

There are also noncardiac conditions that can cause chest 
pain and/or syncope. Asthma can create chest pain and cause 
severe breathing difficulty. Athletes may collapse during se 
vere asthma attacks. By depriving the heart of oxygen, asthma 
can cause cardiac arrest. 12 Study of isoenzymes (CPK) can 
identify an individual who has recently suffered a heart attack. 
Enzyme levels will be elevated as the body responds to the 
stress of cardiac episodes, with MB RI used to differentiate 
between cardiac and noncardiac stressors. 1

Hypoglycemic subjects may also demonstrate episodes of 
collapse but usually experience a gradual onset as opposed to 
traumatic collapse.5 Vasovagal reactions are also known to 
cause syncopal episodes, but these episodes generally resolve 
if the athlete lies down. 10 Dehydration and decreased blood 
volume can be implicated in syncopal episodes. 5 Electrolyte 
studies can identify subjects suffering from dehydration. De 
hydration must be considered with athletes who collapse in hot, 
humid conditions but should also be considered in other 
environmental conditions because athletes perspire profusely 
in cold-weather sports as well.

CONCLUSION

With no catheterization or angiogram to confirm or deny the 
differential diagnoses, one can only state what has been ruled out 
and speculate on the others. Hypertrophic cardiomyopathy was 
not observed; valvular defect was not observed through echocar- 
diogram and no murmurs were present; coronary artery disease 
was not noted in this patient. Marfan's syndrome was also rejected 
as a diagnosis. Anomalous coronary artery was not observed on a 
thallium scan but could not be completely ruled out without an 
angiogram. Coronary vasospasm could also cause similar symp 
toms, and this was not completely ruled out with the brief 
hyperventilation test associated with ECG. This athlete had a 
history of asthma, but he denied that this attack was similar to 
previous asthma attacks. Chest pain, or angina, with unknown 
etiology remains the diagnosis at this point.

The athlete involved in this case received differing opinions 
as to the necessity of catheterization. He and his family sought 
the opinion of several cardiologists and made an educated 
decision to forgo invasive testing in favor of noninvasive 
testing. The physicians involved did explain the risk of 
participation to the athlete but did not prohibit his participation. 
Medical disqualification that will end an athlete's career is 
never an easy decision; lack of a definitive diagnosis makes 
that decision all the more difficult.
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Management of an Uncomplicated Posterior 
Elbow Dislocation
Douglas Blackard, ATC, LAT, CSCS, EMT; Jo-Ann Sampson, MEd, ATC

Objective: To present a case of an uncomplicated posterior 
elbow dislocation in a US World Cup athlete and discuss her 
rehabilitation.

Background: Traditional protocol for management of this 
injury has been splint immobilization for several weeks, but 
research suggests a shortened duration of immobilization and 
early active motion.

Differential Diagnosis: Elbow dislocation with possible frac 
ture.

Treatment: The dislocation was reduced and a compression 
bandage and sling were applied. The sports medicine staff and 
athlete determined that rehabilitation would involve limited

immobilization with a posterior splint. Also, active range-of- 
motion exercises were to be incorporated early in the range-of- 
motion program to decrease pain at the articulation.

Uniqueness: The athlete was not immobilized and her 
aggressive five-phase rehabilitation program progressed ac 
cording to decrease in inflammation and increase in range of 
motion and strength.

Conclusions: Shortened immobilization and return to World 
Championship competition 6 weeks postinjury had no long- 
term adverse effects on the athlete.

Keywords: dislocation, immobilization, rehabilitation, elbow

Prolonged immobilization is known to have deleterious 
effects on the human body. These effects can include 
muscle atrophy, joint stiffness, joint cartilage ulceration, 

osteoporosis, skin necrosis, infection, tendocutaneous adhe 
sion, thrombophlebitis, contracture tendon collagen disorgani 
zation, and collagen fibril size reduction. 1 '2 While the original 
intent of immobilization was to assist nature with its natural 
healing process, research now suggests the duration of immo 
bilization be limited for the treatment of many musculoskeletal 
disorders. 1 '3"5

The elbow is the second most commonly dislocated major 
joint. The injury typically occurs during sport or recreational 
activity as a result of a fall on an outstretched arm. Traditional 
treatment for a posterior elbow dislocation involved immobi 
lization in a posterior splint with the elbow flexed at 90°.6 ~9 
Several authors have found this immobilization to result in a 
poor outcome and suggest the use of early active motion. 3"5 ' 10 
Mehlhoff et al4 observed an increase in flexion contractures 
and an increase in perceived pain with a prolonged duration of 
immobilization. The dislocated elbow should not be immobi 
lized for longer than 2 weeks, in an effort to prevent detrimen 
tal flexion contracture and pain.

Protzman5 observed a loss of extension, as well as an 
increased period of disability, with longer durations of immo 
bilization. Table 1 presents Protzman's comparisons among 
duration of immobilization, loss of extension, and time of 
disability. Protzman5 also suggests that recurrent dislocations 
are no more prevalent with less immobilization when active 
range-of-motion (ROM) exercises are initiated less than 5 days 
postinjury.

Contraindications to early mobilization of posterior elbow 
dislocations include the use of passive extension. 5 ' 8 Protzman
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reports complication in the form of myositis ossificans as a 
result of forced passive extension. O'Donoghue8 has suggested 
that passive ROM of a dislocated elbow be contraindicated 
until approved by a physician. Early closed reduction of 
uncomplicated elbow dislocations along with early active 
motion have been shown to produce positive results.3"5 ' 10 This 
paper presents the rehabilitation of an uncomplicated posterior 
elbow dislocation with a limited duration of immobilization 
and early active motion.

PRESENTATION OF THE CASE

On January 23, 1993, a female US Ski Team Freestyle- 
Combined athlete (an athlete who participated in all three 
freestyle disciplines: inverted aerials, moguls, and ballet) 
sustained an uncomplicated posterior dislocation of her left 
elbow while competing in the World Cup Freestyle Aerials 
competition in Lake Placid, NY. The athlete was attempting 
a lay-full (first flip in the laid-out position and second flip 
with a full 360° twist), and landed on her outstretched right 
arm. The athletic trainers and emergency medical technician 
on site provided immediate medical care. The athlete's arm 
was placed in a sling, a swath was applied, and the athlete 
was transported to the first aid station. Reduction of the 
elbow took place within the first hour of injury by a 
physician at the scene. The athlete was then wrapped with a 
compression bandage and the sling was reapplied. Post- 
reduction x-rays revealed no fractures. The physician rec 
ommended that the athlete remain in the sling for 3 weeks. 
The sports medicine staff and athlete determined that the 
athlete's rehabilitation would involve limited immobiliza 
tion with a sling rather than immobilization with a posterior 
splint. Also, active ROM exercises would be incorporated 
early in the rehabilitation program in an attempt to decrease 
pain at the articulation.
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Table 1. Comparisons Between the Duration of Immobilization, 
Loss of Extension, and Time of Disability in Protzman's5 Study

N

27
13

7

Duration of
Immobilization (d)

<5
10-15
>20

Extension
Loss (°)

3
11
21

Time of
Disability (wk)

6
19
24

REHABILITATION

A rehabilitation program was created with goals of 1) 
prevention of flexion contracture, 2) decrease of chances for 
recurrent dislocations, 3) decrease in perceived pain, and 4) an 
attempt to have the athlete ready to compete in the 1993 World 
Championships, which were within 7 weeks. Rehabilitation 
goals included restoration of ROM, increasing strength, and 
increasing functional ability. These goals were accomplished 
through five phases.

Management goals and rehabilitation exercises were deter 
mined for each phase. The length of time in each phase was 
determined by the athlete's ability to meet the management 
goals and become proficient with the rehabilitation exercises of 
each phase as well as the athlete's tolerance to pain (Table 2).

Phase 1: Focus on Acute Inflammation

Decreasing inflammation was the primary management goal 
of phase 1 with secondary goals including maintaining strength 
and ROM of the wrist, hand, and shoulder. Therapeutic 
modalities such as electrical stimulation, ice, and massage were 
used because they are commonly thought to reduce inflamma 
tion. 11 Low-frequency interferential electrical stimulation in 
conjunction with ice was applied to the elbow for 20 minutes 
daily. A gentle, gravity-assisted massage involving effleurage 
techniques followed, with the athlete placed in a position so 
that her arm would be elevated perpendicular to the floor. This

position allowed gravity to assist with venous return (Fig 1). 
The massage began at the forearm, using distal to proximal 
strokes, and terminated around the midshaft of the humerus.

The athlete's wrist and hand strength was maintained 
through gripping exercises that included squeezing a tennis ball 
and hand putty. Shoulder mobility was maintained with active 
ROM exercises through all planes with no resistance. These 
activities were done without motion at the elbow. Ice was 
applied to the elbow postactivity for 20 minutes, and a 
compression wrap and sling were reapplied following treat 
ment.

Normal ROM of the elbow is from 135° to 150° flexion and 
0° to 5° extension. The athlete demonstrated 125° of flexion 
and 30° of extension during phase 1. She was advanced to 
phase 2 at 8 days postinjury because her inflammation had 
decreased as compared bilaterally and the athlete was physi 
cally and mentally prepared to begin working on ROM and 
isometric strength in the elbow.

Phase 2: Focus on Increasing Strength by Initiating 
Isometric Activity

Management goals for phase 2 included active ROM, 
proprioceptive awareness, and isometric strengthening. Active 
ROM exercises at the elbow included flexion, extension, 
pronation, and supination. These activities were completed 
with gravity eliminated during flexion and extension until the 
athlete was strong enough to move the weight of her arm 
against gravity. Gravity was eliminated by performing the 
active ROM exercises with the arm sliding on a vinyl-covered 
table.

Rehabilitative exercises during this phase involved the 
continued use of previous exercises as well as proprioceptive 
neuromuscular facilitation (PNF) and isometric muscle actions 
at the elbow. Four PNF patterns were used in an attempt to 
begin focusing on proprioceptive awareness, which is vital to

Table 2. Goals and Phases of Rehabilitation of an Uncomplicated Posterior Elbow Dislocation

Phases of Rehabilitation

Goals 1

Swelling Severe
Strength

Range of Motion Sling
(Ext-Flex)

30°-125°

Proprioceptive
neuromuscular
facilitation

Days 8
Total days 8

postinjury

II

Moderate
Isometrics

Active ROM
(no gravity)

27°-140°

D1 flexion
D1 extension
D2 flexion
D2 extension

(no resistance)

5
13

III

Moderate
Isotonics

Active ROM
(with gravity)

20°-140°

D1 flexion
D1 extension
D2 flexion
D2 extension

Elbow "Punch"
Elbow "Pull"
Elbow "Extension"
Elbow "Flexion"

(with resistance)
6

19

IV

Mild
Isokinetics/functional

activity
Passive ROM

5°-140°

D1 flexion
D1 extension
D2 flexion
D2 extension

Elbow "Punch"
Elbow "Pull"
Elbow "Extension"
Elbow "Flexion"

(with resistance)
13
32

V

Minimal
Return to

activity
Normal

5°-140°
-

13
45
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Fig. 1. Gravity-assisted massage was one method used to control 
inflammation.

an athlete involved in freestyle skiing. The upper extremity 
PNF patterns were performed without resistance and included 
the following movements: Dl flexion, Dl extension, D2 
flexion, and D2 extension. Isometric muscle actions of both 
elbow flexors and extensors, with the elbow at approximately 
30° and 60° of flexion, were included during phase 2.

The athlete's ROM for elbow flexion was within normal 
limits (WNL), at 140°, while elbow extension was not WNL, at 
27°, at the end of phase 2. Swelling present during this phase 
was controlled by the application of ice, electrical stimulation, 
and compression at the conclusion of each therapy session.

Many clinicians3 '6 ' 8 begin to consider discarding the poste 
rior splint around the 10th to 14th day postinjury. This athlete 
never used a posterior splint, and her sling was returned to the 
sports medicine clinic on the llth day postinjury. By the 13th 
day postinjury, the athlete increased ROM and was utilizing 
four PNF patterns. She had become proficient with phase 2 
activities and was ready to progress to phase 3.

Phase 3: Focus on Increasing Strength by Initiating 
Isotonic Activity

Management goals for phase 3 included increasing ROM 
and proprioceptive awareness coupled with the initiation of 
isotonic strengthening exercises. Therapy during phase 3 began

with 15 minutes of active ROM exercises in a warm whirlpool 
to serve as a warm up and to increase ROM before rehabilita 
tion exercises began.

Rehabilitation exercises in phase 3 included the continued 
use of previously learned PNF patterns, the incorporation of 
new PNF patterns, and the utilization of isotonic strengthening 
exercises. The athlete performed the four PNF patterns intro 
duced in phase 2 with manual resistance, and two new PNF 
patterns were introduced. The first new pattern involved the 
athlete's lying supine with her arm at her side, elbow flexed at 
90°. The first motion of the pattern had the athlete performing 
a controlled "punch" toward the ceiling: pronating the forearm, 
extending the elbow, and flexing the shoulder (Fig 2). The 
second motion of the pattern returned the arm to its original 
position: extending the shoulder, flexing the elbow, and supi- 
nating the forearm.

The athlete remained in the same position for the second 
new pattern. The first motion involved forearm pronation and 
elbow extension to place the arm parallel to the body. The 
second motion involved forearm supination and elbow flexion 
to return the arm to the starting position. There were no 
movements at the shoulder for this second pattern. Once the 
athlete was comfortable with the patterns, manual resistance 
was applied according to her tolerance.

Fig. 2. Proprioceptive neuromuscular facilitation (PNF) techniques 
encouraged neuromuscular proprioception.
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Isotonic exercises at the elbow began during phase 3. A 
resistance of 2 Ib was used for elbow flexion, extension, 
supination, and pronation during the second week postinjury. 
By the third week postinjury, the athlete was using 4 Ib of 
resistance for all elbow movements. Hand, wrist, and shoulder 
exercises also incorporated progressive resistance isotonic 
exercises during phase 3.

Inflammation during phase 3 was controlled following 
rehabilitation exercises with gravity-assisted massage, ice, and 
electrical stimulation for swelling and pain control. Phase 3 
measurements of flexion and extension were 140° and 20°, 
respectively, an increase of 7° of extension over phase 2.

Phase 4: Focus on Increasing Strength by Initiating 
Isokinetic and Functional Activity

Management goals of this phase involved initiating isoki- 
netic and functional activity with the use of several exercise 
and modality techniques. Upper extremity isokinetic and func 
tional exercises included progressive resistance exercise 
(PRE), ball dribbling (Fig 3a), Gravitron Upper Body Systems 
(Randall Sports/Medical Products, Inc, Seattle, WA) (Fig 3b), 
and Kin-Corn (Chattecx, Chattanooga, TN) (Fig 3c). PRE 
increased to 5 Ib on the 26th day postinjury with the exception

of elbow flexion and extension, which remained at 3 Ib. 
Gravitron protocol included three sets of 10 repetitions for 
dips, parallel pull ups, and military pull ups at 25% of the 
athlete's body weight, increasing to 50% by the 27th day 
postinjury. Gravitron exercises were completed on alternating 
days with the existing PNF program. The athlete was intro 
duced to the Kin-Corn dynamometer to increase concentric and 
eccentric elbow flexion and extension strength. The athlete 
performed three sets of 10 repetitions at speeds of 90°/s and 
180°/s for all dynamometer exercises. The program initially 
began on the 19th day postinjury but was discontinued for one 
week because of a "clicking" felt by the athlete at the higher 
speed. The program resumed on the 27th day postinjury 
without reoccurrence of the problem.

ROM activities included ultrasound, Upper Body Ergometer 
(UBE), and passive extension. Ultrasound was employed daily 
in an effort to increase collagen elasticity. 12 (Fig 4) The UBE 
(Cybex, Ronkonkoma, NY) was included in the 24th day 
postinjury for ROM and endurance. Passive extension, al 
though contraindicated earlier in the program, was used after 
consultation with a physician. If started too soon, ossification 
in the capsule might have caused a flexion contracture, which 
would have delayed return to activity. Passive extension 
protocol involved the athlete's holding a 2-lb weight in the

Fig. 3. Functional strength was encouraged via (a) ball-dribbling 
exercises, (b) closed kinetic chain dips and pull-ups, and (c) open 
kinetic chain isokinetic exercises.

Fig. 4. Ultrasound was used in phases 4 and 5 to increase collagen 
elasticity.
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hand while a hydrocollator pack was placed over the belly of 
the biceps brachii (Fig 5).

The athlete's elbow ROM at the conclusion of phase 4 was 
140° flexion and 5° extension. Phase 4 concluded on the 32nd 
day postinjury. When the athlete was WNL for ROM and 
strength was within 20% bilaterally, the athlete was allowed to 
return to activity. Although 20% was a liberal difference in 
strength among arms, it was necessary to observe the athlete in 
sport-specific activity prior to her departure for World Cup 
competition. Phase 4 lasted 13 days.

Phase 5: Return to Activity

The athlete was allowed to return to activity when she had 
the physician's approval. Phase 5 included return to full 
activity consisting of skiing, trampoline jumping, aerial stunts 
from the ramps, skiing the bumps in moguls, and pole flips in 
ballet.

DISCUSSION

The goal of rehabilitation in athletic training is the safe but 
prompt return to competition. This athlete's high competitive 
level called for an aggressive but safe and effective program to 
facilitate her successful return with minimal risk of reinjury. 
This paper reviews research on the treatment of an uncompli 
cated posterior elbow dislocation and outlines a successful 
rehabilitation program.

Knowledge of the athlete's psyche supported an aggressive 
program. Had the athlete's motivation level and desire to return

Fig. 5. Passive range of motion (PROM) was used in conjunction 
with a hydrocollator pad during phases 4 and 5 of rehabilitation in 
an effort to gain complete extension.

to competition not been high, her recovery might not have been 
successful. The athlete understood complications that could 
have occurred had she not been honest with us in her toleration 
of the exercises. The athlete's high motivation level for 
competition forced us to be aware of her progress. The athlete 
had to be reminded of her physical limitations in each phase of 
rehabilitation.

The only physical setback throughout the program involved 
isokinetic strengthening exercises on the dynamometer. The 
athlete complained of a "clicking" sensation with concentric 
and eccentric elbow flexion and extension at high speeds. The 
exercise began on the 19th day postinjury but was delayed until 
the 27th day, allowing the body additional time to heal, and the 
"clicking" ceased. Mentally, the athlete had episodes of frus 
tration and boredom due to her inability to compete. This made 
it necessary to keep the program interesting by adding various 
imaginative exercises and changing the daily routine.

The athlete returned to World Cup competition on March 8, 
1993 at the Altenmarkt World Championships Freestyle com 
petition in Austria, where she earned bronze medals in both the 
aerial and combined competitions. One year later, the athlete 
had no recurrent injuries to her elbow and represented the USA 
as a member of the 1994 Olympic Team in Lillehammer, 
Norway.
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Felt Augmentation for Thumb Dislocation
Joel W. Beam, MEd, ATC; Keith S. Hechtman, MD

Objective: To describe a nonsurgical approach for the 
treatment of an isolated dorsal dislocation of the carpometa- 
carpal joint of the thumb that remained unstable immediately 
following closed reduction and casting.

Background: An isolated dorsal dislocation of the thumb is 
an uncommon injury. The dislocation that remains stable fol 
lowing closed reduction has been treated conservatively with 
immobilization. Dislocations that remain unstable following 
closed reduction have been stabilized surgically with favorable 
results.

Description: Materials and application guidelines for a 
thumb spica cast are presented. Anatomic alignment of the

dislocation can be revealed with postcasting radiographs. 
Possible complications from the immobilization are also pre 
sented.

Clinical Advantages: This nonsurgical approach can be 
used to avoid percutaneous pinning, to return the athlete to 
competition without loss of playing time, to provide an effective 
closed reduction, and also to allow full range of motion of the 
elbow and uninvolved fingers.

Keywords: thumb fractures/dislocations, thumb spica cast 
ing, nonsurgical treatment of thumb dislocations

An isolated dorsal dislocation of the carpometacarpal 
joint of the thumb is an uncommon injury and has been 
described as a "Bennett's fracture without a frac 

ture."'~4 Some believe this statement may be inaccurate 
because a simple dislocation may remain stable after reduc 
tion. 2 '4 The mechanism of injury for the carpometacarpal 
dislocation is a longitudinal force applied when the metacarpal 
bone is held in a fully flexed position at the joint. The 
metacarpal base is always dislocated dorsally.2 '4

The authors observed the dorsal dislocation as a football 
linebacker attempted to knock down a pass thrown to a running 
back during practice. The ball struck the distal aspect of his 
thumb with a longitudinal force.

Plain radiographs should be obtained to further evaluate the 
injury. Radiographic views of the thumb should include a 
lateral and a Robert view, which provides a true anteroposte- 
rior image of the carpometacarpal joint. 1 The Robert view is 
obtained by placing the fully pronated dorsum of the thumb 
against the x-ray cassette. Radiographic studies should also 
include anteroposterior, lateral, and scaphoid views of the wrist 
to rule out carpal injury.

Treatment for a dislocation that remains stable following 
closed reduction consists of immobilization in a thumb spica 
for 6 weeks. 2 ' 3 Others have found that the isolated dislocation 
may remain unstable after closed reduction with recurrent 
subluxation and chronic instability. 1 ' 3"5 Various forms of 
surgery have been described to stabilize the joint. Closed 
reduction, followed by stabilization with percutaneous fixa 
tion, has proven successful with adequate scarring of the joint 
capsule. 1 "3 Open treatment, through reconstruction of the volar 
oblique ligament, has been pursued by some to provide 
long-term stability. 1 ' 3

A method of immobilization was developed for the isolated 

dorsal dislocation of the carpometacarpal joint, which re 

mained unstable immediately following traditional closed re- 

Joel W. Beam is head athletic trainer at the University of North Florida, 
4567 St. Johns Bluff Road S., Jacksonville, FL 32224-2645. Keith S. 
Hechtman is an associate professor in the Department of Orthopae 
dics and Rehabilitation, University of Miami School of Medicine.

duction and casting (Fig 1, A and B). A thumb spica cast was 
applied for immobilization of the thumb, hand, and wrist. A 
1/4-inch felt pad was incorporated into the cast to apply direct 
pressure over the carpometacarpal joint to hold the joint in 
anatomical alignment (Fig 2). The cast allowed full range of 
motion of the elbow and uninvolved fingers. The thumb spica 
was worn for a period of 6 weeks and a thumb spica splint for 
an additional 2 weeks. A return to play in the cast was allowed 
because of a stable reduction, as seen on radiographs, and 
physician approval. During football practice and competition, 
the cast was covered with 1/4-inch foam padding to comply 
with NCAA regulations. Radiographs should be taken at the 
completion of casting to determine maintenance of the reduc 
tion (Fig 3, A and B). Clinical follow-up at 1 year revealed 
bilateral range of motion, bilateral strength level, and no 
evidence of joint instability.

Fig 1. A, Postinjury anterior-posterior (AP) hand radiograph dem 
onstrating dorsal subluxation of the carpometacarpal joint of the 
thumb following closed reduction. B, Postinjury AP thumb view of 
the dislocation following closed reduction.
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Fig 2. AP hand radiograph following cast application, demonstrat 
ing felt pad placement (see arrow) and anatomical reduction.

The authors believe that this type of immobilization should 
be considered an alternative treatment because
1. it avoided the need for percutaneous pinning to maintain 

reduction or open primary repair;
2. the athlete returned to competition, without loss of playing 

time;
3. a thumb spica, with a 1/4-inch felt pad provided an effective 

closed reduction of the dislocation, evidenced by radio 
graphs;

4. traction was not necessary for the reduction;
5. the cast allowed full range of motion of the elbow and 

uninvolved fingers.
With this casting technique, complications are minimal but 

may occur. Development of pressure ulcerations of the skin

Fig 3. A, Postimmobilization radiograph. Lateral view with thumb 
extension. B, Postimmobilization radiograph. Lateral view with 
thumb flexion.

under the pad may be checked during cast changes if neces 
sary. Correct application of the cast padding should provide 
sufficient protection for the skin. Failure of the immobilization 
to allow proper ligamentous healing will result in instability 
that will require surgical reconstruction of the joint.

MATERIALS AND METHODS

Materials
1. Two rolls of 2-inch and one roll of 3-inch Delta-Lite 

Conformable Casting Tape (Johnson & Johnson Orthopae 
dics, Raynham, MA);

2. Two rolls of 2-inch and one roll of 3-inch Specialist Cast 
Padding (Johnson & Johnson, New Brunswick, NJ);

3. One- and 2-inch stockinette;
4. One pair silicone casting gloves;
5. Bandage scissors;
6. One 3-inch X 5-inch 1/4-inch adhesive felt pad;
7. Bucket of room-temperature water.

Cast Application

The authors recommend application of this cast by a 
physician or a cast technician with a physician present.
1. Closed reduction of the dislocation, through direct pressure, 

may be needed until the cast is applied. A piece of 1/4-inch 
felt should be cut to cover the carpometacarpal joint (Fig 4).

2. Position the thumb, hand, and wrist in a functional position.
3. Place the stockinette over the thumb and cover the hand and 

wrist to mid forearm. Fingers 2 to 5 will be exposed distally 
from the metacarpophalangeal joint. Cover the thumb, hand, 
and wrist with two layers of cast padding (Fig 5). Position 
the 1/4-inch felt pad over the carpometacarpal joint and 
adhere in place (Fig 6).

4. Place the silicone gloves on your hands and immerse each 
roll of casting tape into the bucket of water before applying.
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Fig 4. A 1/4-inch felt pad cut to cover the joint.

Fig 5. Stockinette and cast padding applied to thumb, hand, and 
wrist.

Fig 6. Felt in place over the carpometacarpal joint.

Squeeze the excess water from the roll. Apply a thumb spica 
using the 2-inch casting tape and continue with the 3-inch 
tape to immobilize the wrist (Fig 7). Attention should be 
given to the pressure placed over the felt pad because the 
pad functions as isolated direct pressure over the carpo 
metacarpal joint.

Fig 7. Application of cast over felt pad.

5. Continue to mold the cast to the thumb, hand, and wrist with 
your hands (Fig 8). Allow 10 to 15 minutes for curing of the 
cast (Fig 9).

6. Obtain lateral and Robert radiographic views of the thumb 
to assure anatomical alignment (see Fig 2).

Athletic trainers are faced daily with the challenge of safely 
returning athletes to participation following an injury. This 
challenge is further heightened if the injury occurs during the 
season. We have described a nonsurgical treatment for a 
carpometacarpal dislocation of the thumb, which allowed no 
delay in the return to competition. With the use of 1/4-inch felt 
pad augmentation and direct pressure at the base of the thumb, 
the reduction can be maintained with casting. Using this 
nonoperative method of treatment, complications from percu 
taneous pin fixation, such as migration, breakage, and infec 
tion, are not encountered. Following immobilization, if clinical 
examination by the physician reveals laxity or instability, 
surgical reconstruction should be performed to correct insta 
bility and prevent degenerative changes of the joint. 5

Fig 8. Molding of the cast.
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Fig 9. Thumb spica with 1/4-inch felt pad.
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Clint Thompson, MS, ATC

Sgaglione NA, Del Pizzo W, Fox JM, 
Friedman MJ. Critical analysis of 
knee ligament rating systems. Am J 
Sports Med. 1995;23:660-667.

Sixty-five patients who consecutively 
underwent anterior cruciate ligament re 
construction were studied using four in 
dividual, categoric knee score rating sys 
tems. Different results were noted at 
followup (mean, 35 months; range, 24 to 
58) depending on the rating method 
used. All patients were graded using the 
Hospital for Special Surgery, Lysholm, 
Tegner activity, and Cincinnati Knee 
Ligament rating systems. The Cincinnati 
Knee Ligament rating individual scores 
were noted to be lower than the Hospital 
for Special Surgery and Lysholm scores 
for subjective and objective outcome as 
sessment. The Hospital for Special Sur 
gery and Lysholm scores did not corre 
late highly with the Cincinnati Knee 
Ligament rating final rating, but they did 
correlate with each other. The use of 
ligament rating scores tended to inflate 
results, particularly when raw scores 
were converted to overall categoric rat 
ings (eg, excellent, good). The Cincin 
nati Knee Ligament rating system corre 
lates more highly with individual 
grading and most precisely defines out 
come in athletically active patients. 
Sources of error may be introduced by a 
disproportionate combination of unre 
lated scores or by overrating low- 
activity-level individuals who avoid 
stressing their knees. Avoidance of data 
generalization remains the optimal 
method for studying anterior cruciate 
ligament surgery outcome.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Hollis JM, Blasier RD, Flahiff CM, 
Hofmann OE. Biomechanical compar 
ison of reconstruction techniques in 
simulated lateral ankle ligament in 
jury. Am J Sports Med. 1995;23:672- 
677.

The effect of simulated ankle liga- 
mentous injury on ankle-subtalar joint 
complex laxity was studied. Thirty-six 
intact ankles were loaded in inversion- 
eversion and anterior-posterior direc 
tions. Motions of the talus and calcaneus 
were measured with respect to the tibia. 
Ankles were tested at neutral, 15° of 
dorsiflexion, and 15° of plantar flexion. 
In all the specimens the anterior talofibu- 
lar ligament was sectioned and then the 
calcaneofibular ligament was sectioned; 
testing was then repeated. With section 
ing of the anterior talofibular ligament, 
motion increased primarily in dorsiflex 
ion with both anterior-posterior and in- 
version-eversion loading. This increase 
was primarily caused by a large increase 
in subtalar motion. Additional sectioning 
of the calcaneofibular ligament produced 
little change in ankle subtalar joint mo 
tion except in dorsiflexion. Clinically, 
these findings show that if an anterior- 
posterior drawer test shows less laxity in 
dorsiflexion than in neutral and greater 
laxity than the contralateral asymptom 
atic side, then an isolated anterior talo 
fibular ligamentous tear exists. Simi 
larly, laxity in 15° of dorsiflexion and in 
neutral suggests calcaneofibular liga 
ment disruption. During inversion- 
eversion loading, the increase in ankle- 
subtalar joint complex rotation with 
calcaneofibular ligament sectioning oc 
curred primarily in the ankle joint, im 
plying that the calcaneofibular ligament 
constrains the talus through the calca 
neus. Therefore, a talar tilt on stress 
radiographs demonstrates a torn calca 
neofibular ligament.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Marcacci M, Zaffagnini S, lacono F, 
Neri MP, Petitto A. Early versus late 
reconstruction for anterior cruciate 
ligament rupture: results after five 
years of followup. Am J Sports Med. 
1995;23:690-693.

We investigated the clinical and laxity 
testing results at 5 years' followup in 
patients who had early or late anterior 
cruciate ligament reconstruction. Twen 
ty-three patients (Group I) were treated 
within 15 days of injury. Fifty-nine pa 
tients (Group II) were treated more than 
3 months after injury. Patellar tendon 
reconstruction and fascia lata graft aug 
mented with a ligament augmentation 
device were the techniques used in both 
groups. According to the International 
Knee Documentation Committee rating 
scale, 17 patients in Group I and 38 
patients in Group II had satisfactory 
results. The Lysholm score was good in 
all Group I patients and in 55 Group II 
patients. Flexion-extension deficits were 
comparable for both groups. Eighteen 
patients (78%) in Group I demonstrated 
satisfactory results according to the KT- 
2000 arthrometer testing, compared with 
44 (75%) in Group II. No associated 
lesions were present in 12 (52%) cases in 
Group I, compared with 28 (44%) cases 
in Group II. Return to sports at the 
preoperative level was obtained by 21 
(91%) patients in Group I, compared 
with 42 (71%) in Group II. The patients 
who had reconstruction during the early 
phase returned to sports activities sooner 
and had better clinical and laxity testing 
results.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Arendt E, Dick R. Knee injury pat 
terns among men and women in colle 
giate basketball and soccer: NCAA 
data and review of literature. Am J 
Sports Med. 1995;23:694-701.

Women's participation in intercolle 
giate athletics has increased dramatically 
in recent years. Greater participation has 
increased awareness of health and med 
ical issues specific to the female athlete. 
Some reports have noted a higher sus 
ceptibility to knee injury, specifically 
injuries to the anterior cruciate ligament, 
in female athletes as compared with their
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male counterparts. We performed a 
5-year evaluation of anterior cruciate 
ligament injuries in collegiate men's and 
women's soccer and basketball programs 
using the National College Athletic As 
sociation Injury Surveillance System. 
Results showed significantly higher an 
terior cruciate ligament injury rates in 
both female sports compared with the 
male sports. Noncontact mechanisms 
were the primary cause of anterior cru 
ciate ligament injury in both female 
sports. Possible causative factors for this 
increase in anterior cruciate ligament 
injuries among women may be extrinsic 
(body movement, muscular strength, 
shoe surface interface, and skill level) or 
intrinsic (joint laxity, limb alignment, 
notch dimensions, and ligament size).

Reprinted with the permission of the 
American Journal of Sports Medicine.

Miller CD, Shelton WR, Barrett GR, 
Savoie FH, Dukes AD. Deltoid and 
syndesmosis ligament injury of the an 
kle without fracture. Am J Sports Med. 
1995;23:746-750.

Ankle diastasis without fracture is a 
rare injury with few examples reported. 
We report on four male patients, aged 16 
to 18 years, who sustained this injury 
playing football. Swelling and tender 
ness over both the deltoid and syndes 
mosis ligaments are the most common 
physical findings. Plain ankle radio 
graphs demonstrated lateral talus sublux- 
ation in three patients, and a stress radio 
graph demonstrated subluxation of the 
talus in one patient. Treatment consisted 
of reduction and fixation of the syndes 
mosis with a screw followed by 6 weeks 
of cast immobilization. Using the scale 
developed by Edwards and DeLee, three 
patients had excellent results and one 
had a good result. Diagnosis of tears of 
the deltoid and syndesmosis ligaments 
without fracture requires a high index of 
suspicion on the physician's part. In 
patients whose mortise is more than 1 
mm subluxated, reduction and screw fix 
ation will produce good results.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Baumhauer JF, Alosa DM, Renstrom 
PAFH, Trevino S, Beynnon B. A pro 
spective study of ankle injury risk 
factors. Am J Sports Med. 1995;23: 
564-570.

Many factors are thought to cause 
ankle ligament injuries. The purpose of 
this study was to examine injury risk 
factors prospectively and determine if an 
abnormality in any one or a combination 
of factors identifies an individual, or an 
ankle, at risk for subsequent inversion 
ankle injury. We examined 145 college- 
aged athletes before the athletic season 
and measured generalized joint laxity, 
anatomic foot and ankle alignment, ankle 
ligament stability, and isokinetic 
strength. These athletes were monitored 
throughout the season. Fifteen athletes 
incurred inversion ankle injuries. Statis 
tical analyses were performed using both 
within-group (uninjured versus injured 
groups) data and within-subject (injured 
versus uninjured ankles) data. No signif 
icant differences were found between the 
injured (N = 15) and uninjured (N = 
130) groups in any of the parameters 
measured. However, the eversion-to- 
inversion strength ratio was significantly 
greater for the injured group compared 
with the uninjured group. Analysis of the 
within-subject data demonstrated that 
plantar flexion strength and the ratio of 
dorsiflexion to plantar flexion strength 
was significantly different for the injured 
ankle compared with the contralateral 
uninjured ankle. Individuals with a mus 
cle strength imbalance as measured by 
an elevated eversion-to-inversion ratio 
exhibited a higher incidence of inversion 
ankle sprains. Ankles with greater plan 
tar flexion strength and a smaller dorsi- 
flexion-to-plantar flexion ratio also had a 
higher incidence of inversion ankle 
sprains.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Baumhauer JF, Alosa DM, Renstrom 
PAFH, Trevino S, Beynnon B. Test- 
retest reliability of ankle injury risk 
factors. Am J Sports Med. 1995;23:
571-574.

Ligamentous instability, ankle muscle 
weakness, foot-ankle alignment, and

generalized joint laxity may be predis 
posing factors for ankle ligament inju 
ries. The purpose of this study was to 
examine the reliability of these risk fac 
tors before and after the season in 
healthy individuals and to determine if 
any significant differences developed 
during the athletic season (range, 12 to 
16 weeks). Twenty-one healthy college- 
aged athletes were tested for generalized 
joint laxity, anatomic alignment of the 
foot and ankle, ligamentous stability, and 
isokinetic strength of the ankle muscles. 
This study showed that generalized joint 
laxity, ankle ligamentous stability, and 
ankle strength measurements demon 
strated high correlation coefficients (r > 
.75). The high correlation coefficients 
suggested reliable measures. Some of the 
range of motion measurements had 
lower correlation coefficients, which 
suggested more variability in these mea 
surements. After establishing the reli 
ability in 24 of the 28 measurements 
with standardized methods, further work 
is underway to evaluate the role of these 
factors in inversion ankle sprains.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Holt MA, Keene JS, Graff BK, Helwig 
DC. Treatment of osteitis pubis in 
athletes: results of corticosteroid in 
jections. Am J Sports Med. 1995;23: 
601-606.

This study presents the results of treat 
ment of osteitis pubis in 12 intercollegiate 
athletes. Early in this series, athletes were 
treated with prolonged rest, oral anti- 
inflammatory medications, and hip- 
stretching exercises. Of the nine athletes 
treated in this manner, only one resumed 
symptom-free activity after 16 weeks of 
therapy; eight remained symptomatic and 
subsequently received a corticosteroid in 
jection (1 ml 1% lidocaine, 1 ml 0.25% 
bupivacaine, and 4 mg dexamethasone) 
into the pubic symphysis. Of these eight 
athletes, three returned to full participation 
within 3 weeks of injection, four required a 
second injection to alleviate their symp 
toms, and one was unable to resume ath 
letic activities despite two injections and an 
inguinal herniorrhaphy. In recent years, we 
have recommended an injection if there is
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no reduction in symptoms after 7 to 10 
days of treatment. Three athletes received a 
corticosteroid injection when their symp 
toms did not resolve. All three returned to 
full athletic competition within 2 weeks of 
the injection. The results of our study 
suggest that a more rapid return to inter 
collegiate athletics can be achieved 
through the judicious use of corticosteroid 
injections.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Fithian DC, Mishra DK, Balen PF, 
Stone ML, Daniel DM. Instrumented 
measurement of patellar mobility. 
Am J Sports Med. 1995;23:607-615.

To provide an objective analysis of 
medial and lateral patellofemoral laxity, 
we examined 94 uninjured athletic sub 
jects and 22 patients with unilateral lat 
eral patellar dislocation. We developed 
an instrument to measure the compliance 
of the medial and lateral patellar re 
straints. The instrument recorded the 
force-displacement relationship as the 
patella was pushed medially and later 
ally. Subtracting the medial displace 
ment from the lateral displacement at a 
given force level allowed the tester to 
assess the peripatellar soft tissue "bal 
ance." The results for both the 2.5- and 
the 5-pound tests were significant. Paired 
comparisons differentiated the three 
groups, with significant differences be 
tween control and affected (P = 0.0001), 
control and contralateral (P = 0.0036), 
and affected and contralateral (P = 
0.0157) knees. The mean result of the 
lateral minus medial displacement test 
for our sample population of control 
subjects was —2.1 mm for the 5-pound 
test. A negative value in this test indi 
cates that medial displacement exceeds 
lateral displacement. This finding was 
present in 81% of control subjects. In 
contrast, the mean result for the patients' 
affected knees was +3.2 mm for the 
5-pound test. Using the value of 0.0 mm 
as the diagnostic determinant for peripa 
tellar imbalance, we found a test sensi 
tivity of 91% and a specificity of 81%.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Branch TP, Lawton RL, lobst CA, 
Hutton WC. The role of glenohumeral 
capsular ligaments in internal and ex 
ternal rotation of the humerus. Am J 
Sports Med. 1995;23:632-637.

The purpose of this study was to 
define the relationship between internal 
and external rotation of the humerus and 
the lengths of the anterior and posterior 
components of the glenohumeral capsu- 
loligamentous complex. Six cadaveric 
shoulders (with intact ligaments and hu- 
meri) were stripped of all muscles. Each 
shoulder was mounted in its correct an 
atomic position. The extent of internal 
and external rotation of the humerus was 
then measured 38 times (at 10° intervals 
in a 360° humeral cone of motion). One 
component of the glenohumeral capsulo- 
ligamentous complex was lengthened, 
and the humeral rotation was again mea 
sured 36 times. The process of lengthen 
ing was done by cutting the ligament and 
replacing it with a beaded chain and 
catches sutured across the joint. The 
process of lengthening each component 
was repeated in 12 combinations, each 
with a different anterior and posterior 
component length. Humeral rotation was 
measured 36 times using a specially 
designed goniometer. The length of the 
anterior component of the glenohumeral 
capsuloligamentous complex most af 
fected external humoral rotation, and the 
length of the posterior component most 
affected internal humeral rotation. How 
ever, the lengths of both the anterior and 
posterior components shared in limiting 
rotation at a number of positions.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Mikesky AE, Edwards JE, Wiggles- 
worth JK, Kunkel S. Eccentric and 
concentric strength of the shoulder 
and arm musculature in collegiate 
baseball pitchers. Am J Sports Med. 
1995;23:638-642.

Many pitching injuries occur during 
deceleration of the upper extremity when 
the muscles of the shoulder and arm are 
acting eccentrically. Published informa 
tion regarding eccentric muscular 
strength in baseball pitchers is nonexist

ent. The purpose of this study was to 
assess bilateral isokinetic eccentric and 
concentric muscular strength of the 
shoulder's external and internal rotator 
muscles and the elbow's flexor and ex 
tensor muscles in a group of collegiate 
baseball pitchers (N = 25). Isokinetic 
strength was assessed at 1.6, 3.7, and 5.2 
rad/sec. Our findings indicate that the 
internal rotator muscles were always 
stronger than the external rotator mus 
cles and that the concentric and eccentric 
external-to-internal strength ratios 
ranged from 62% to 81%. The eccentric 
strength of the shoulder rotator muscles 
averaged 114% that of concentric 
strength. The concentric and eccentric 
elbow extension-to-flexion strength ra 
tios ranged from 71% to 110%; eccentric 
strength averaged 33% higher than con 
centric strength. No differences were 
noted between dominant and nondomi- 
nant limbs for any of the strength mea 
sures or ratios. Clinically, the findings of 
this study can serve as a reference during 
the evaluation, rehabilitation, and condi 
tioning of throwing athletes.

Reprinted with the permission of the 
American Journal of Sports Medicine.

Heit EJ, Lephart SM, Rozzi S. The 
effect of ankle bracing and taping on 
joint position sense in the stable ankle. 
J Sport Rehabil. 1996;5:206-213.

The purpose of this study was to 
determine the proprioceptive effects of 
ankle bracing and taping. Proprioception 
was assessed in 26 subjects by evaluat 
ing ankle joint position sense, which was 
determined by the subjects' ability to 
actively reproduce a passively positioned 
joint angle. Testing was performed at 
positions of 30° of plantar flexion and 
15° of inversion. Each subject underwent 
four trials at each test angle under three 
conditions: braced, taped, and control. 
For the plantar flexion test, both the 
braced condition and the taped condition 
significantly enhanced joint position 
sense when compared to the control con 
dition. There was no significant differ 
ence between the braced and taped con 
ditions. For the inversion test, the taped 
condition significantly enhanced joint 
position sense compared to the control
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condition. There was no significant dif 
ference between the braced and the con 
trol conditions or between the braced and 
the taped conditions. This study demon 
strates that ankle bracing and taping 
improve joint position sense in the stable 
ankle.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Theodorakis Y, Malliou P, Papaioan- 
nou A, Beneca A, Filactakidou A. The 
effect of personal goals, self-efficacy, 
and self-satisfaction on injury rehabil 
itation. J Sport Rehabil. 1996;5:214- 
223.

This study examined the effect of goal 
setting on injury rehabilitation, specifi 
cally, differences in personal goal set 
ting, self-efficacy, self-satisfaction, and 
performance between injured and nonin- 
jured subjects. Two experimental 
groups, 32 women with knee injuries and 
29 noninjured women and one control 
group (n = 30), were used. Subjects 
performed four trials of a knee extension 
task on an isokinetic dynamometer. Prior 
to the third and fourth trials, subjects in 
the experimental groups set personal 
goals and completed self-efficacy and 
self-satisfaction scales. There were sig 
nificant performance improvements for 
the two experimental groups; correlation 
coefficients between self-efficacy, self- 
satisfaction, goal setting, and perfor 
mance were significant at the .001 level. 
Personal goal setting was affected by 
level of ability and in turn had a direct 
effect on performance. Self-efficacy and 
self-satisfaction were affected by ability 
or performance but had no significant 
effect on personal goals or performance. 
The findings indicate that personal goal 
setting might be an important determi 
nant for performance improvement in 
injury rehabilitation programs.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Ashmen KJ, Swanik CB, Lephart SM. 
Strength and flexibility characteristics 
of athletes with chronic low back pain. 
J Sport Rehabil. 1996;5:275-286.

The purpose of this study was to 
identify strength and flexibility deficits 
in subjects with chronic low-back pain 
(CLBP). Subjects were 16 female Divi 
sion I athletes: 8 athletes who had expe 
rienced CLBP for at least 6 months prior 
to testing and a control group of 8 
matched subjects. Athletes with neuro 
logical symptoms, previous back opera 
tions, and leg length discrepancies and 
those who were diagnosed with scoliosis, 
spondylolisthesis, or spondylolysis were 
excluded from this study. Variables as 
sessed included abdominal strength, 
erector spinae endurance, hip flexion and 
extension endurance, torso lateral flexi 
bility, and low-back flexibility. Strength 
and endurance were calculated as a func 
tion of time in seconds. Goniometric 
measurements were used to determine 
flexibility. Significant mean differences 
were found by using dependent t tests for 
abdominal strength, erector spinae en 
durance, hip extension, and right lateral 
flexion of the torso. The results validate 
the necessity for pelvic stabilization and 
indicate that strength and flexibility def 
icits vary among populations.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Johnson U. The multiply injured ver 
sus the first-time-injured athlete dur 
ing rehabilitation: a comparison of 
nonphysical characteristics. J Sport 
Rehabil. 1996;5:293-304.

Research on rehabilitation of multiply 
injured athletes shows no convincing 
evidence that physiological factors ex 
clusively can explain injury proneness in 
sport. Neither can any single psycholog 
ical factor characterize the injury-prone 
athlete. Injury proneness seems to be 
best explained by a complex web of 
extrinsic and intrinsic risk factors. The 
present study focused on a comparison 
of mental factors and coping strategies of 
high-level athletes with sport injuries. A 
psychological profile of 25 multiply in 
jured athletes was compared to 14 first- 
time seriously injured athletes. Factors 
such as impulsiveness, risk-taking atti 
tude, introaggression, and psychic anxi 
ety did not differentiate multiply injured 
athletes from other athletes with injuries.

The first-time-injured group, however, 
had psychological difficulties associated 
with long-term injuries or other serious 
life crises. The first-time-injured athletes 
tended to experience the rehabilitation 
period as stressful, and they showed less 
self-confidence and scored lower on an 
overall mood scale than the multiply 
injured athletes.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Kaya BK. Plantar fasciitis in athletes. 
J Sport Rehabil. 1996;5:305-320.

Plantar fasciitis is a common sports 
injury that typically presents as heel pain. 
The purpose of this paper is to review the 
literature on plantar fasciitis, with empha 
sis on etiologic factors and current conser 
vative management. A combination of an 
atomical and biomechanical factors, 
repetitive forces, and training errors can 
predispose an athlete to plantar fasciitis. 
Most people with plantar fasciitis improve 
with conservative treatment. Treatment 
should initially be aimed at decreasing pain 
and inflammation through rest, modifica 
tion of activity, medication, orthotics, and 
physical therapy. Identification of predis 
posing factors for each athlete is necessary 
to effectively treat the athlete and return 
him or her to sports activity. Although 
many treatment options are suggested in 
the literature, few have been studied for 
use with plantar fasciitis. Further research 
is needed to determine the effectiveness of 
conservative methods to manage plantar 
fasciitis.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Keskula DR. Clinical implications of 
eccentric exercise in sports medicine. 
J Sport Rehabil 1996;5:321-329.

Returning an athlete to functional activ 
ity is the primary goal of the sports medi 
cine practitioner. Eccentric exercise may 
be used throughout the rehabilitation pro 
gram to improve muscle performance and 
restore normal function. The selection and 
progression of eccentric exercise are con 
tingent on treatment goals and the individ-
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ual's tolerance to activity. Basic concepts 
of eccentric muscle performance are dis 
cussed, and general treatment guidelines 
with an emphasis on specificity and inten 
sity are presented, to enable the clinician to 
organize and implement relevant, prudent 
eccentric exercise within the restrictions of 
the clinical setting. The use of eccentric 
exercise in the management of tendinitis is 
briefly discussed.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Striegel DA, Hedgpeth EG, Sowa CJ. 
Differential psychological treatment of 
injured athletes based on length of 
rehabilitation. / Sport Rehabil 1996;5: 
330-335.

This paper describes the psychologi 
cal processes of injured athletes and 
corresponding treatments along a contin 
uum based on time away from sport. The 
first level involves injuries requiring re 
habilitation of 0 to 2 weeks. Athletes' 
reactions focus on resiliency and coping 
with the stress associated with injury, 
and treatment emphasizes stress manage 
ment and development of coping strate 
gies. The second level involves injuries 
requiring rehabilitation of more than 2 
weeks; in this level, motivation and com 
pliance with rehabilitation protocols are 
dealt with, and treatment focuses on goal 
setting and injury support groups. The 
third level pertains to injuries resulting in 
the termination of an athlete's sport par 
ticipation. This level involves the poten 
tial loss of identity in sport and transi 
tions to a new lifestyle, with treatment 
strategies focusing on grief responses 
and career counseling. By viewing the 
psychology of athletic injury rehabilita 
tion from a perspective that is sensitive 
to the severity of the injury as well as 
longevity of rehabilitation, sport psy 
chologists can provide treatment better 
suited to the individual athlete.

Reprinted with permission of the 
Journal of Sport Rehabilitation.

Ellenbecker TS, Roetert EP, Pi- 
orkowski PA, Schulz DA. Glenohu- 
meral joint internal and external rota

tion range of motion in elite junior 
tennis players. J Orthop Sports Phys 
Ther. 1996;24:336-341.

Objective measurement of range of mo 
tion of the glenohumeral joint is important 
for the rehabilitation and prevention of 
shoulder injury. The primary purpose of 
this study was to determine whether sig 
nificant differences exist between the dom 
inant (tennis playing) and nondominant 
extremity in active internal and external 
rotation range of motion in elite junior 
tennis players 11 to 17 years of age. Two 
hundred three elite junior tennis players 
(113 males, 90 females) were bilaterally 
measured for internal and external rotation 
at 90° of abduction in a supine position 
with a specific methodology attempting to 
isolate glenohumeral motion, while mini 
mizing or negating scapulothoracic mo 
tion. A standard universal goniometer was 
utilized to measure active range of motion 
(AROM). Dependent t tests were used to 
compare differences between extremities. 
No significant difference was found for 
males or females between the dominant 
and nondominant arm in external rotation. 
Analysis of internal rotation (AROM) dif 
ferences showed significantly less (p < 
.001) internal rotation (AROM) on the 
dominant arm for both males and females. 
Significantly less (p < .001) dominant arm 
total rotational range of motion was also 
found in both males and females. The loss 
of dominant arm internal rotation (AROM) 
has clinical application for both the devel 
opment of rehabilitation and preventative 
flexibility/range of motion programs.

Reprinted with the permission of the
Journal of Orthopaedic and Sports

Physical Therapy.

Hartsell HD, Forwell L. Postoperative 
eccentric and concentric isokinetic 
strength for the shoulder rotators in 
the scapular and neutral planes. J Or 
thop Sports Phys Ther. 1997;25:19-25.

Considerable variability exists for isoki 
netic testing of the shoulder rotators, leav 
ing the clinician in a quandary concerning 
the most appropriate method for patient 
evaluation. The purpose of this study was 
to evaluate concentric and eccentric rota 
tional strength in the scapular and neutral

planes for the surgical and nonsurgical 
shoulders. Fifteen males consented to be 
tested during a 90-minute isokinetic ses 
sion. Both shoulders for each patient were 
tested concentrically (240 degrees/sec) and 
eccentrically (120 degrees/sec) in the scap 
ular and neutral planes. Patient positioning 
was maintained through the use of a goni 
ometer, plumb line, and floor grid system. 
Following a warm-up, five maximal effort 
reciprocal internal and external rotation 
concentric and eccentric contractions were 
evaluated using multiple two-way analyses 
of variance (shoulder x-plane) with re 
peated measures. Results indicated no sta 
tistically significant differences between 
the surgical or nonsurgical shoulders for 
either concentric (p = .6S-.247) or eccen 
tric (p — .460-.840) modes, regardless of 
rest plane. No statistically significant dif 
ferences were observed eccentrically be 
tween test planes (p = .06-.470), but the 
scapular plane produced significantly 
higher (p = .005) peak torques concentri 
cally. Generally, the external rotators were 
53% (concentrically) and 63% (eccentri 
cally) of the internal rotator strength for 
either shoulder. Clinically, concentric and 
eccentric testing of the postoperative 
shoulder patient can occur in either the 
scapular or the neutral plane. However, the 
scapular plane may be preferred since it is 
more functionally relevant and less injuri 
ous to the rotator cuff. A full, functional 
recovery may be expected for the rotator 
cuff repair patient.

Reprinted with the permission of the
Journal of Orthopaedic and Sports

Physical Therapy.

Amiridis IG, Cometti G, Morion B, 
Van Hoecke J. Concentric and/or ec 
centric training-induced alterations in 
shoulder flexor and extensor strength. 
J Orthop Sports Phys Ther. 1997;25: 
26-33.

To examine the effects of specific con 
centric and eccentric training on muscular 
strength following an initial standardized 
period of excessive training, shoulder ex 
tensors and flexors were tested. The shoul 
der is a joint particularly susceptible to 
injury and requires a specific strength 
training program. For a period of 12 
weeks, subjects performed training, includ-
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ing concentric and eccentric actions. 
Thereafter, they were divided into three 
groups that performed specific 12-week 
programs, including either concentric (C- 
E/C), eccentric (C-E/E), or a combination 
of both concentric and eccentric exercises 
(C-E/C-E). Following the initial period of 
training, significant increases (p < .05) in 
performance were observed for all experi 
mental groups. The C-E/C group showed 
significant increases (p < .05) in perfor 
mance after 24 weeks of training, espe 
cially at high concentric angular velocities. 
However the C-E/E group showed signif 
icant increases (p < .05) only in their 
eccentric moments. No significant differ 
ences were noted for the C-E/C-E group. 
These findings seem to partly confirm the 
mode-specificity principle, as only the con 
centric-specific training program improved 
concentric and eccentric strength. More 
over, the velocity-specificity principle was 
strongly supported.

Reprinted with the permission of the
Journal of Orthopaedic & Sports

Physical Therapy.

Jenkins WL, Munns SW, Jayaraman 
G, Wertzberger KI, Neely K. A mea 
surement of anterior tibial displace 
ment in the closed and open kinetic 
chain. J Orthop Sports Phys Ther. 
1997;5:49-56.

Anterior displacement of the tibia dur 
ing knee extension movement has been 
identified as a possible factor in anterior 
cruciate ligament (ACL) reconstruction 
failure due to the increased stress placed 
on the graft, leading to a creep response 
in the healing graft. Nineteen healthy 
subjects with a unilateral ACL defi 
ciency were evaluated in an open and 
closed kinetic chain. A KT-1000 was 
used to measure anterior displacement of 
the tibia on the femur during isometric 
open and closed kinetic chain exercise at 
30 and 60 degrees. An analysis of vari 
ance for repeated measures followed by 
Newman-Keuls multiple comparison 
tests were performed to determine the 
differences between the open and closed 
kinetic chain for the involved and unin- 
volved knee. Statistically significant dif 
ferences were found when comparing the 
amount of anterior displacement be 
tween the open and closed kinetic chain 
for the involved and uninvolved knee at 
30 and 60 degrees. Clinicians utilizing 
isometric exercise in rehabilitation of the 
anterior-cruciate-deficient and the anteri 
or-cruciate-reconstructed patient should 
be aware of the increased amount ante 
rior tibial displacement when comparing 
open and closed kinetic chain exercise.

Reprinted with the permission of the
Journal of Orthopaedic & Sports

Physical Therapy.

Swain RA, Wilson FD, Harsha DM. 
The os acromiale: another cause of 
impingement. Med Sci Sports Exerc. 
1996;28:1459-1462.

Impingement of the shoulder is a rela 
tively common clinical entity. The os ac 
romiale anomaly is an uncommon one 
(1-8%) but can be an important cause of the 
impingement syndrome. The most com 
mon place of nonfusion is between the 
meso- and meta-acromion. The key to 
diagnosis is a history and physical exami 
nation compatible with the impingement 
syndrome and appropriate radiologic stud 
ies (i.e., an axillary view or profile view or 
computed tomographic scan if necessary). 
After diagnosis, the initial treatment is 
conservative with rest, ice, nonsteroidal 
anti-inflammatory drugs (NSAIDs), injec 
tions of corticosteroids in the subacromial 
space, and most importantly, an appropri 
ate rehabilitation program. If unsuccessful, 
treatment should be planned based on the 
size of the unfused fragments. Small frag 
ments (< 4 cm) may be removed by either 
arthroscopic or open means. Larger frag 
ments may require an attempt at bone 
grafting and fixation since their removal 
may result in loss of strength of the deltoid.

Reprinted with permission from
Medicine and Science in

Sports and Exercise.
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Physiological Assessment of Human 
Fitness
Editors: Peter J. Maud and Carl Foster
Human Kinetics, Champaign, IL
1995
296 pages
ISBN: 0-87322-776-X
Price: $49.00

This book is a compilation of proto 
cols and the physiological principles un 
derlying tests of fitness and performance 
assessment. Different chapters are writ 
ten by experts covering information 
ranging from that used in undergraduate 
exercise physiology, testing and pre 
scription, and athletic training evaluation 
courses to postgraduate research-based 
classes. Different chapter authors assume 
a variety of prior knowledge and experi 
ences of their readers, which does not 
lead to a smooth flow if trying to read 
from chapter to chapter. However, it 
seems this is not how the book would be 
used. Rather each chapter or group of 
related chapters would be accessed as 
needed.

Five of the chapters have the potential 
to be used by many athletic trainers. 
Chapter 4, on indirect measurement of 
VO2 , has a good variety of testing pro 
tocols, including sections for children 
and nonexercise estimations. Chapter 6, 
on anaerobic power and capacity, could 
use more illustrations of the protocols. 
Chapter 8, on strength testing, includes 
static, dynamic, and isokinetic tests but 
could go into more detail about some of 
the equipment. Body composition, chap 
ter 10, has great illustrations and expla 
nations for even the beginner to use. 
Coupled with chapter 11, anthropometry, 
the spectrum of testing possibilities for 
body composition is covered. Chapter 12 
deals with ROM, which would be used 
by many athletic trainers. More loca 
tions, with illustrations, for goniometer 
placement would help sites without fan 
cier equipment.

Two additional chapters have the po 
tential for use by many athletic trainers. 
One on field testing focuses only on 
athletes but does not include many ven 
ues for sports-specific options. The bio-

mechanical assessment chapter has good 
information, but that on video and film 
analysis is very limited. With the acces 
sibility of video cameras to almost any 
job site, students and professionals 
would benefit from more information on 
how to use the equipment and the data.

Use of the information in chapters on 
pulmonary gas exchange, blood lactate, 
and direct VO2 measurement would re 
quire specific equipment and more ex 
tensive prior knowledge. Skeletal muscle 
testing, including biopsy, glycogen 
stores, and enzyme concentrations, falls 
at the specific postgraduate end of the 
audience range. The book ends with a 
chapter on statistics, which is important 
to research, but tried to put too much 
information into a small space.

This text would be a good supplement 
to have available but would be hard to 
pigeon-hole as a text for one specific 
course. Anyone learning or doing fitness 
assessments could benefit from having 
the book available, but some settings 
would see the cost versus usage as more 
beneficial than others.

Karen Cookson, MS, ATC
Western State College of Colorado

Gunnison, CO

Foot Orthotics in Therapy and Sport: 
Step-by-Step Fabrication Procedures
Skip Hunter, Michael G. Dolan, and
John M. Davis
Human Kinetics, Champaign, IL
1995
141 pages, illustrated
ISBN: 0-87322-829-4
Price: $35.00

As the title states, this book is about 
the use and fabrication of foot orthotics 
in sports and their utility in rehabilitation 
and therapy. Given the widespread use of 
orthotics in athletics, it is a timely topic 
and highly relevant to the athletic trainer. 
The text is formatted logically beginning 
with an overview of orthotic use in 
athletics, including definitions, theory, 
and historical perspective. It then 
progresses to the biomechanical exami 
nation of the foot, ankle, and gait, lead

ing to the fabrication of orthotics for 
various conditions. It finishes with spe 
cial concerns and problems and how to 
resolve these issues. Within the text are 
instructions on creating an orthotic 
workshop in the training room.

The majority of the text is devoted to 
orthotic fabrication and best exemplifies 
the "step-by-step" portion of the title. 
There are separate chapters for soft and 
rigid orthotics, and an explanation of 
their specific applicability is provided 
along with a full explanation of materials 
needed, procedures, and adjustment. The 
entire book is well illustrated; however, 
the photographs in the fabrication sec 
tion are exceptionally useful. Each step 
of the fabrication process is accompa 
nied by a photograph of the specific 
technique and the desired end product, 
giving the reader a basis for comparison.

The text has varied applicability. It 
would be an excellent reference for the 
athletic trainer who currently fabricates 
orthotics or who wishes to learn this 
skill. It would also be of interest to the 
athletic trainer who wants to understand 
the use of orthotics in athletic training 
and how orthotics affect athletic perfor 
mance and rehabilitation. Due to the 
specificity of the topic, I do not feel that 
it has much undergraduate curriculum 
applicability. The text requires back 
ground knowledge that is probably be 
yond most beginning athletic training 
students. However, it would be a useful 
supplementary text for a graduate curric 
ulum where the knowledge base of the 
students is more advanced.

The title of this book gives the impres 
sion that it is merely a step-by-step 
fabrication manual for foot orthotics in 
athletics. To consider this a how-to man 
ual does not do justice to what is a very 
well-written, comprehensive explanation 
of orthotic use in athletics. At $35.00 it is 
reasonably priced, considering the 
breadth of information it contains. The 
authors should be commended for cov 
ering such an important topic in an easy- 
to-read, concise manner.
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John P. Miller, PhD, ATC
University of New Hampshire

Durham, NH

Explosive Power and Strength: Com 
plex Training for Maximum Results
Donald A. Chu, PhD, ATC
Human Kinetics, Champaign, IL
1996
192 pages
ISBN: 0-87322-643-7
Price: $15.95

This text gives individuals a system 
atic approach to complex training and 
describes/discusses how it can be imple 
mented in a functional capacity and ap 
plied to a variety of sports. Part One 
addresses the origins of complex training 
and the physiological reasoning behind 
this type of training. Various topics such 
as plyometrics, sports-specific training, 
resistance training, and physiology of 
neuromuscular activity are addressed. 
Part Two demonstrates how to safely and 
effectively perform various resistance 
training and plyometric training exer 
cises. Illustrations and a brief description 
accompany each lift/exercise. Part Three 
provides examples of complex training 
workouts and how to develop an individ 
ual training regimen. Topics such as 
overtraining, motivation, periodization, 
competition, individual training pro 
grams, and assessment are discussed. 
Eight assessment tests in which norma 
tive data were extrapolated from testing 
elite athletes are included in this section.

The book consists primarily of illus 
trations that are easy and simple to un 
derstand. Illustrations are clear and con 
cise throughout the text. A good 
hands-on approach to various lifts and 
plyometric exercises is the emphasis of 
the book. The final part of the book does 
a good job of incorporating the lifts, 
exercises, and plyometrics into a sequen 
tial system of guiding the reader in the 
design of his/her own program. The text 
could be improved by indicating what 
major muscle groups are exercised or 
targeted during the lift or activity. This 
would bring an added dimension to the 
book.

I recommend using this text in an 
introductory weight-training class that 
will give students a perspective on vari 
ous weight-training lifts and techniques.

The text could also be used for an ath 
letic injury rehabilitation class as a sup 
plemental reference. The book is com 
petitively priced at $15.95.

Vincent G. Stilger, BSD, ATC
West Virginia University

Morgantown, WVa

Flexibility for Sport
Bob Smith
Trafalgar Square, North Pomfret, VT
1994
112 pages
ISBN: 1-85223-804-6
Price: $24.95

Flexibility for Sport would be an out 
standing addition to the library of anyone 
who wants to fully comprehend what 
flexibility is and how it is achieved 
safely and effectively. From athletes who 
want to know what specific stretches are 
recommended for their sport to the ath 
letic trainer who wants an excellent re 
source book for the classroom or clinical 
settings, this text clearly and succinctly 
combines the complicated neurophysio- 
logical concepts behind flexibility with 
an accurate and extensive flexibility pro 
gram description, all written in an easy- 
to-understand format.

The text is organized into nine chap 
ters. In the first two chapters, through the 
use of anatomical drawings, flow charts, 
photographs, and other illustrations, Bob 
Smith presents a very thorough explana 
tion of the definition of flexibility, as 
well as important anatomical concepts 
and factors that affect one's flexibility. 
Chapter 3 describes the differences be 
tween the stretching techniques currently 
utilized in sport (ie, active stretching, 
ballistic stretching, and static stretching), 
in addition to providing the purposes and 
examples of partner stretches and PNF 
stretches. Chapter 4 depicts which com 
mon exercises are contraindicated and 
why. By using photographs and anatom 
ical drawings, chapter 5 effectively pre 
sents a total flexibility program, while 
chapter 6 describes sport-specific exer 
cises. These chapters include both gen 
eral individual and partner stretches, in 
addition to flexibility exercises for ath 
letes in aquatic sports, racket/implement 
sports, team sports, and running/jumping 
sports. The final three chapters outline 
some examples of different training pro

grams, past and current research into 
flexibility, and a very brief personalized 
summary.

I recommend the purchase of this text 
as a supplemental book for any introduc 
tory-level athletic training course at the 
high school or undergraduate level, as 
well as those strength and conditioning 
courses in higher education in which the 
topic of flexibility is greatly explored. 
Furthermore, I recommend the book to 
coaches and athletes who crave informa 
tion on flexibility if it is written in an 
easily understandable style, with great 
illustrations that clearly demonstrate spe 
cific stretching exercises. This text meets 
those criteria. On the other hand, while 
the author does a great job of providing a 
logical discourse on the topic of flexibil 
ity, the "Summary" and "Designing a 
Training Program" chapters fall short. 
The relevance of these chapters is not 
questioned as they relate to flexibility; 
however, the author would be better 
served by tying in these topics with the 
major theme of his text, flexibility for 
sport.

Joseph A. Beckett, EdD, ATC
The University of Charleston

Charleston, West Virginia

Catastrophic Injuries in High School 
and College Sports
Fredrick O. Mueller, Robert Cantu,
Steven VanCamp
Human Kinetics, Champaign, IL
1996
120 pages
ISBN: 0-87322-674-7
Price: $22.00

Catastrophic Injuries in High School 
and College Sports is an accumulation of 
ten years of research on catastrophic 
injuries, all of which provides the foun 
dation for this text. Unlike many books 
and articles involving large amounts of 
data and statistics, Catastrophic Injuries 
in High School and College Sports is 
quite palatable and interesting to read. It 
flows very smoothly and provides a 
plethora of information before you real 
ize that you are finished with the book.

Its content is suitable for the athletic 
trainer, team physician, coach, para 
medic, or any other person interested in 
quantitative data regarding the incidence 
of catastrophic injuries. If you are teach-
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ing a course in research or literature 
reviews, then this book offers a wealth of 
information on its topic and should be 
readily available for you and your stu 
dents. This book might not be suitable as 
a classroom text but would be a good 
graduation gift for that soon-to-be- 
employed athletic training student.

Since this book is based on research 
and data collection, it provides specific 
definitions for the various injuries of 
disabling potential. This provides more 
precision and credibility to the data, as 
does the 10-year span for the collection 
of most of the data. The text has no 
pictures but does have a few illustrations 
of the spine in chapter 1. Every chapter, 
however, is filled with charts reflecting 
the numbers discussed in the body of the 
text.

Chapter breakdowns are logical, and 
each provides incidence, cause, and pre 
vention strategies for many of the inju 
ries. Other texts offer subjective esti 
mates or a small database for the 
incidence of the catastrophic injuries, 
while Mueller et al have provided spe 
cific data collected from all 50 states.

Chapter headings are "Catastrophic 
Head and Neck Injuries," "Sudden Death 
in Athletes," "Football," "Team Sports," 
"Individual Sports," and "Recommenda 
tions for Prevention." Each provides spe 
cific data on the occurrence of cata 
strophic injuries and direct fatalities 
reported.

The size of the book might not appear 
to justify the cost, yet when one consid 
ers the time and effort involved in the 
development of this text, the cost is quite 
reasonable for the educator.

Gary Ball, EdD, ATC
Kean College of New Jersey

Union, NJ

Periodization Breakthrough! The Ulti 
mate Training System 
Steven J. Fleck, PhD, and William J. 
Kraemer, PhD 
Advanced Research Press 
1996
182 pages
ISBN: 1-889462-00-4 
Price: $19.95

Periodization can be defined as a 
planned training regime that varies over 
time with respect to the levels of inten

sity at which one trains. This highly 
popular, unique approach to the overall 
enhancement of physical conditioning 
has gained more respect within the past 
twenty years as a result of the docu 
mented changes seen within the athletes 
who have chosen to train using this 
particular method.

Periodization Breakthrough! The Ul 
timate Training System is written for the 
sole purpose of familiarizing the reader 
with the terminology, theory, principles, 
and applications of periodization training 
as it relates to any athlete.

The text comprises ten chapters that 
systematically progress the reader from a 
didactic introduction to a very practical 
application of periodization. Chapters 1 
to 5 provide clear and simple definitions 
of much of the terminology associated 
with strength training in general. In ad 
dition, concepts dealing with training 
variables (eg, sets and repetitions, resis 
tance, and rest periods) are discussed. 
Chapter 5 introduces the reader to the 
macrocycle, mesocycle, and microcycle 
models of periodization training. This 
represents the description of a year- 
round training period, a four- to six-week 
training period, and a training period of 
one week, respectively.

Chapter 6, "Keeping Records," is very 
brief but does a nice job of explaining the 
importance of record keeping and docu 
mentation with respect to assessing per 
formance and progression through peri 
odization training.

The remaining four chapters of the 
text further explain and demonstrate the 
models of periodization. Basketball, 
strength/power sports, and general fit 
ness training are examples of activities 
that are described in detail in these chap 
ters. Numerous graphs and tables are 
used to enhance the understanding of 
periodization models as they relate to 
each activity.

This is one of the first educationally 
prepared books on periodization, and it is 
written by two well-respected profes 
sionals in the strength training commu 
nity. It is well organized, is easy to read, 
and takes a very practical approach to 
disseminating information. The book 
contains very few photographs and illus 
trations, yet provides nearly one hundred 
tables that outline sample phases of in 
dividual programs.

This is not a book that I would recom 
mend for a professional with experience 
in strength training applications for the 
following reasons: 1) the simplistic na 
ture of the delivery of material provides 
little information that isn't taught in cur- 
ricular settings, 2) the authors state the 
existence of a myriad of studies support 
ing the concept of periodization, al 
though only twenty-one references are 
actually cited throughout the entire text, 
and 3) the authors purport to show that 
periodization training can be utilized as a 
major approach to the prevention of in 
juries, although this fact is not substan 
tiated nor does any content matter within 
the text deal with the relationship of 
injury to the modification of this type of 
training.

Periodization Breakthrough! is rea 
sonably priced at $19.95 and would ad 
equately serve as a supplemental or rec 
ommended text in introductory-level 
courses that cover the objectives of 
strength training principles for healthy 
individuals.

JeffG. Konin, MEd, ATC, MPT
Delaware Tech

Lewes, DE

Thermal Agents in Rehabilitation
S.L. Michlovitz
F.A. Davis Co., Philadelphia, PA
1996
3rd Edition
405 pages
ISBN: 0-8036-6165-7
Price: $39.00

Ten years following its first edition, 
Thermal Agents in Rehabilitation, 3rd 
edition, still provides a comprehensive, 
well-researched discussion of the physi 
ological effects and application methods 
for thermal modalities. The inclusion of 
case studies and clinical decision- 
making sections gives the text a more 
friendly readability and assists the reader 
in understanding how in addition to why. 
Beginning the book with chapters on 
wound healing and pain and the impact 
of thermal agents on each provides a 
suitable foundation for what follows.

This book is an excellent reference for 
practicing athletic trainers and would do 
well as a recommended text for a course 
in therapeutic modalities. Students who 
are getting their initial exposure to ther-
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apeutic modalities would probably ben 
efit more from using this text as a sup 
plement to a text with simpler 
explanations. Some chapters, particu 
larly chapter 2 ("Anatomic and Func 
tional Aspects of Pain"), are extremely 
thorough and complicated and could 
leave the introductory student puzzled 
about the basics; however, study objec 
tives are provided at the end of each 
chapter (new to this edition) to help 
direct the student.

The widely divergent patient popula 
tion included in the case studies and 
chapters devoted to modalities infre 
quently used by athletic trainers (eg, 
shortwave diathermy) also decrease the 
applicability of this text as a stand-alone 
requirement for an initial course for ath 
letic trainers. These very traits, however, 
make the book appealing to all in its 
broad approach. No other text examines 
this topic in such detail, making it useful 
for all health care professionals. Much 
current research exists regarding the 
clinical application and efficacy of ther 
mal agents, and this text does an excel 
lent job of describing current research 
and its implications in addition to pro 
viding a useful reference list to guide 
further study. Athletic trainers looking to 
answer a specific question or refresh 
themselves on this topic in general 
would do well to purchase this modestly 
priced book.

The addition of case studies in this 
edition is a major positive change from 
the previous edition. The flow charts 
provided with the case studies in the first 
chapter are particularly useful in illus 
trating exactly how an injury might 
progress in a certain time frame, and 
similar charts for subsequent chapters 
should be considered for the next edition.

Michlovitz should be commended for 
making each edition of this excellent 
resource better than the last.

Sara D. Brown, MS, ATC
Boston University

Boston, MA

Measurement and Evaluation in Hu 
man Performance
J. R. Morrow, A. W. Jackson, J. G. 
Disch, and D. P. Mood 
Human Kinetics, Champaign, IL 
1995

406 pages
ISBN: 0-87322-731-X
Price: $49.00

Measurement and Evaluation in Hu 
man Performance is an upper-level un 
dergraduate text designed to introduce 
basic measurement and evaluation con 
cepts. This text includes a preformatted 
version of MYSTAT 1990 by SYSTAT. 
The MYSTAT statistical software pro 
gram has been customized for the text to 
include a demonstration mode and all of 
the files needed to complete all of the 
problems in the text. In addition the 
appendix contains instructions on using 
MYSTAT in both IBM/PC and MAC 
platforms.

In careful review of this text, it ap 
pears to be best suited predominantly for 
physical education and sports science 
students. The text is divided into three 
parts: 1) basic tools in measurement and 
evaluation, 2) reliability, validity, and 
grading, and 3) application of measure 
ment and evaluation. Part One introduces 
the student to the nature of measurement 
and evaluation (chapter 1), the role of the 
computer in measurement and evaluation 
(chapter 2), and an overview of statistical 
techniques (chapter 3). The MYSTAT 
program is introduced in chapter 2 and 
used heavily in chapter 3 to give the 
reader a "hands-on" statistical experi 
ence.

Part Two of the text deals with the 
reliability and validity of norm-refer 
enced measurement (chapter 4), the reli 
ability and validity of criterion-refer 
enced measurement (chapter 5), and 
grading practices (chapter 6). The MYS 
TAT program is utilized to calculate 
some of the reliability and validity esti 
mates. The use of the MYSTAT program 
and the authors' writing style and knowl 
edge make the information presented in 
these chapters less forbidding for the 
reader and surprisingly interactive.

Part Three presents the most practical 
portion of the text. The reader is in 
structed in the effective measurement 
and evaluation of the cognitive, psy- 
chornotor, and affective domains associ 
ated with physical education and sports 
science. Chapter 7 presents information 
on measuring cognitive objectives. 
Chapters 8 and 9 deal with physical 
fitness assessment in both adult and 
youth populations. The referenced mate

rial in these chapters is up-to-date and 
contains the latest versions of several 
fitness tests. Furthermore, the authors 
have presented a nice component in the 
measurement and evaluation of children 
with disabilities. Chapter 10 includes 
material for the assessment of sports 
skills and motor abilities. Lastly, chapter 
11 introduces material on psychological 
assessment.

In conclusion, this text has limited 
suitability in an athletic training educa 
tion curriculum. However, it could serve 
as a primary text in a physical education 
or sports science measurement and eval 
uation course. Moreover, it could also 
serve as a supplemental resource for the 
clinician interested in physical fitness 
assessment. For the reader interested in 
reliability and validity, this text offers a 
very understandable presentation of of 
ten difficult concepts. The integration of 
the MYSTAT software lends a practical 
interactivity to the statistical section. 
This option allows the reader to gain 
some tangible application of a user- 
friendly software program. The $49.00 
cost of this text is inclusive of either a 
MAC or IBM/PC compatible disk. 
Therefore the total package of this text 
makes it very competitive with other 
measurement and evaluation texts.

Barton P. Buxton, EdD, ATC
A. Barry Joyner, PhD

Georgia Southern University
Statesboro, GA

Human Body Composition
Editors: Alex F. Roche, Steven B.
Heymsfield, Timothy G. Lohman
Human Kinetics, Champaign, IL
1996
366 pages
ISBN: 0-87322-638-0
Price: $65.00

Human Body Composition is an excel 
lent reference book for athletic trainers. 
The eighteen chapters are written by 
leading experts in the field. The book is 
partitioned into three parts: 1) measure 
ment and prediction methods, 2) find 
ings, and 3) influencing factors and rela 
tionships to disease. More specifically, 
Part I examines a variety of methods to 
measure body composition and the valid 
ity of the assumptions regarding densi- 
tometry, hydrometry, whole-body count-
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ing and neutron activation analysis, dual- 
energy x-ray absorptiometry, electrical 
impedance, estimation of muscle mass, 
multicomponent molecular-level models, 
imaging technique, anthropometry and 
ultrasound, and statistical methods for 
the development and testing of predic 
tive equations. Part II examines the re 
ported results of body composition mea 
surements for normal populations of all 
ages and various ethnic backgrounds, as 
well as men and women, athletes, and 
populations in weight loss and in patho 
genic states. Part III explores the rela 
tionships between exercise training and 
body composition, as well as genetic and 
hormonal influences on body composi 
tion. Finally, the Appendix offers a list 
of equipment and suppliers of body com 
position instruments.

This is a comprehensive book written 
by 24 leading experts in the field of 
human body composition. The chapters 
flow smoothly, and charts, tables, and 
pictures assist in the interpretation of 
complex material. The material is suit 
able for master's degree students with an 
interest in exercise physiology. For ath 
letic trainers who desire an in-depth un 
derstanding of body composition, this is 
an excellent resource.

Gretchen Schlabach, PhD, ATC/L
Northern Illinois University

DeKalb, IL

Peak Fitness for Women
Paula Newby-Fraser
Human Kinetics, Champaign, IL
1995
220 pages
ISBN: 0-87322-672-0
Price: $19.95

This book is for fitness enthusiasts 
who desire to commit themselves to a 
conditioning program designed to 
achieve a high level of physical perfor 
mance. It is specifically designed for 
female participants and provides a thor 
ough overview of the important aspects 
to consider when pursuing a competitive 
performance level of physical condition 
ing.

The material is presented in a logical, 
easy-to-understand format and follows a 
logical progression. It includes detailed 
information regarding the development 
of the physiological and psychological

components necessary to achieve high- 
level fitness performance. All of this 
information is written in layperson's ter 
minology emphasizing very basic princi 
ples of conditioning and fitness.

Chapters 1 and 2 introduce the reader 
to the fitness levels that will be addressed 
in the book and the overall factors nec 
essary to commit to achieving those lev 
els. Chapters 3 and 4 deal with the 
specific physiological components of 
flexibility and strength needed to supple 
ment the primary cardiovascular compo 
nents of aerobic and anaerobic endur 
ance. The issues of cross training and 
mental preparation are addressed ade 
quately in chapters 5 and 6. Chapter 7 
deals with the rest and recovery aspects 
of continuous training and also the im 
portance of nutrition to optimize perfor 
mance. Chapter 8 addresses the develop 
ment of specific workout schedules, and 
chapter 9 presents the preparation neces 
sary for specific event participation. The 
appendix lists several referral sources 
that may be helpful to individuals look 
ing for support groups and further edu 
cational resources.

This book is written from the perspec 
tive of the author's personal experience 
and is motivational in nature. The basic 
information presented is accurate, but 
some of the claims made regarding ben 
efits derived from the various aspects of 
conditioning are overstated.

The illustrations and diagrams pre 
sented are basic in nature, clear to under 
stand, and easy to follow. Personal logs 
are included as examples to follow and 
would appear to be beneficial to readers.

I feel that this book would be of 
interest to individuals wanting to in 
crease their fitness levels to achieve 
higher levels of performance, possibly 
leading to competitive events. It is ex 
tremely basic and practical in nature and 
would be beneficial for the layperson not 
familiar with or interested in a detailed 
explanation of the scientific physiologi 
cal principles of performance.

I feel that the book is appropriately 
priced and is best suited for personal use 
or use in a structured physical condition 
ing program designed to prepare lay- 
people for higher levels of fitness perfor 
mance, such as marathon or triathlon 
event participation.

Marjorie J. Albohm, MS, ATC
Center for Hip & Knee Surgery

Kendrick Memorial Hospital
Mooresville, IN

Building Strength and Stamina: New 
Nautilus Training for Total Fitness
Wayne Westcott, PhD
Human Kinetics, Champaign, IL
1996
239 pages
ISBN: 0-888011-550-5
Price: $16.95

Building Strength and Stamina by 
Wayne Westcott begins the first chapter 
with information on the positive at 
tributes that can be obtained with resis 
tance training. The second chapter cov 
ers the physiological and biomechanical 
principles that apply to resistance train 
ing. This information is basic but is 
presented in a clear format with plenty of 
tables and illustrations. Chapters 3, 4, 
and 5 develop the groundwork for con 
vincing the reader of the superiority of 
training with Nautilus program design 
and equipment. The chapters are refer 
enced so the reader can check a variety 
of sources, but many references are from 
non-peer-reviewed journals such as 
Scholastic Coach and American Fitness 
Quarterly. The bulk of the information in 
chapter 5 is a basic "how to" manual for 
Nautilus equipment. In the final chapters 
Dr. Westcott presents a series of progres 
sive resistance aerobic and anaerobic 
programs. These programs are easy to 
follow with plenty of tables and illustra 
tions.

This book is too sophisticated for the 
average fitness enthusiast to wade 
through all the physiology and biome- 
chanics, but may be too basic for stu 
dents in an athletic training curriculum. 
Other texts in the strength and condition 
ing field such as Weight Training: A 
Scientific Approach or Essentials of 
Strength Training and Conditioning 
present information on all aspects of the 
field (periodization, DAPRE, high- 
intensity training, free weights, ma 
chines, etc). This book presents a very 
small niche, exposing the athletic trainer 
to only one tool in the tool box. This 
book may be helpful as a supplemental 
text if the athletic trainer or fitness man 
agement student anticipates exposure to
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Nautilus equipment and training. There 
fore, the text, at a reasonable $16.95, 
could be used as a supplemental text for 
the strength and conditioning section in 
an athletic training curriculum at the 
freshman or sophomore level or as a 
general reference for the clinical athletic 
trainer who is exposed to Nautilus equip 
ment.

Martin A. Fees, MS, PT, ATC, CSCS 
Healths outh 
Newark, DE

The Flexibility Manual
Jean M. Peters, BS, PT, and Howard K.
Peters, Jr., BS, PT
Sports Kinetics Inc., Berwyn, PA
1995
100 pages
ISBN: 0-9633896-0-2
Price: $32.00

According to the authors, who are 
both physical therapists, this book is 
written to present a safe method of 
stretching that is compatible with the 
normal mechanisms of the body instead 
of opposing them "as do current tradi 
tional methods." Excellent black-and- 
white photographs and illustrations serve 
to guide the athlete or individual through 
total body stretching. The 23 exercises 
depicted are presented in a progressive, 
easy-to-learn sequence.

The book is organized into four pri 
mary sections. The first chapter gives an 
introduction to flexibility, the authors' 
explanation of stretching in sports, and a 
simplified review of neurophysiological

concepts regarding flexibility that in 
cludes a discussion of stretch reflexes, 
immobilization and activity, and motion 
or movement. The second chapter, which 
is the strength of this text and contains 
approximately half of the total pages of 
the text, discusses the 23 exercises that 
make up the authors' recommended flex 
ibility program, accompanied by precau 
tions, suggestions, and considerations 
one must follow prior to, during, and 
after completion of the flexibility pro 
gram. The third chapter, entitled "Sum 
mary," is more of a summary of the 
neurophysiological concepts previously 
presented in chapter 1, rather than a 
summary of the complete text. The 
fourth primary chapter serves as an in 
structor's guide on how to perform 
and/or teach to others all 23 of the 
exercises that were previously depicted 
in chapter 2 via elegant black-and-white 
photography. In this chapter, the exer 
cises are thoroughly explained in an 
easy-to-understand format.

The real strength of the The Flexibility 
Manual is the flexibility program itself 
that the authors recommend and describe 
through photographs that easily explain 
the procedures to perform each exercise. 
Anyone could easily understand how to 
perform these 23 exercises. Conversely, 
the concept of "active" stretching es 
poused by the authors as being different 
from and better than more traditional 
methods needs to be clarified. For exam 
ple, how is "active" stretching different 
from static stretching, and why is it

better? Since a major premise of the text 
deals with the concept of "active" 
stretching, a better explanation and clar 
ification is recommended. Additionally, 
chapter 1 could have been generally 
enhanced by decreasing the number of 
examples presented in the "concepts" 
section, which became somewhat redun 
dant, and then expanding the discussion 
of the neurophysiological anatomy re 
lated to flexibility. Moreover, I was con 
cerned about the incorporation of the 
"plough" exercise into the authors' rec 
ommended program. Even though they 
state this exercise should not be incorpo 
rated if there is a back or neck problem, 
numerous recent researchers have la 
beled the "plough" as a contraindicated 
stretching exercise and have stated that 
there are several other exercises for the 
low back and hamstrings that are much 
safer.

This book would better serve the in 
terests of the layperson or athlete inter 
ested in the topic of flexibility than as a 
textbook in an undergraduate or graduate 
school setting. However, I do recom 
mend The Flexibility Manual as a great 
reference book for use in physical edu 
cation and athletic training courses to 
serve as a pictorial example of a good 
total body stretching program, even 
though the cost of the text may be 
unreasonable for the information a 
reader would gain overall.

Joseph A. Beckett EdD, ATC
The University of Charleston

Charleston, WV
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Cryotherapy for First Aid; Cryotherapy 
for Rehabilitation
Kenneth L. Knight, PhD, ATC 
Human Kinetics 
P.O. Box 5076 
Champaign, IL 61825-5076 
11 minutes each 
Price: $35.00 each

The package includes two videotapes 
on the subject of cryotherapy. One deals 
with cryotherapy in the immediate care 
of an injury, and the other deals with 
cryotherapy in the rehabilitation of an 
injury. Both tapes provide basic knowl 
edge about how the medium of ice can be 
used to assist in the healing and rehabil 
itation of an injury. The tapes are de 
signed to give valuable educational in 
formation for the athletic trainer, athlete, 
and coach.

The videos provide an outline on ex 
actly how ice becomes a medium in the 
immediate first-aid stage of injury and 
how it assists with the rehabilitation 
process. They demonstrate the need for 
injury and rehabilitation to go hand in 
hand. The RICES theory discussion is 
presented in terms that are understand 
able. The explanation includes reasons 
why this management will enable an 
athlete to return to activity more quickly. 
The videos also discuss contraindica 
tions to the use of ice, an issue that is 
sometimes overlooked when ice is ap 
plied to an injury.

The video Cryotherapy for First Aid 
gives an excellent visual representation 
of what happens at the cellular level 
when an injury occurs and ice is applied, 
a hard concept for many individuals to 
visualize. This video presents it in terms 
that are easy to understand.

Some practitioners feel inadequate 
with respect to the rehabilitation process. 
The video Cryotherapy for Rehabilita 
tion gives an approach to rehabilitation 
that is not a threat to a beginning athletic 
training student, to a coach, or to an 
athlete. It explains the use of ice during 
the stretching and cryokinetic process. It 
also provides verbal cues that can be 
used to reassure the athlete during the 
process. I liked this approach. Many 
times we forget how important these 
cues can be to the individual we are 
treating.

Both videos showed the importance of 
having an athletic trainer as a part of 
your athletic team. They provided a pos 
itive example of how the coach and 
athletic trainer respected each other and 
what they can accomplish to assist the 
athlete when they work as a team. It was 
a central introductory theme in both vid 
eos.

The videos would be an excellent 
educational experience for high school 
and beginning university athletic training 
students. They would be an excellent 
video presentation for coaching clinics at

the high school and university level. 
They could also be used with the current 
coaching certification programs at the 
university level.

In a short period of time the videos are 
able to give viewers valuable informa 
tion that they can utilize in a variety of 
settings. With the exception of one ap 
plication procedure, they also give excel 
lent visual examples of how ice should 
be applied. One demonstration that I feel 
should be corrected is the application of 
the ice bag for an ankle injury. In the 
video the ice bag is placed on the anterior 
portion of the lower leg near the ankle 
joint. The ice bag should be placed on 
the lateral or medial side, or the entire 
ankle should be encased in a bag of ice. 
This demonstration of the ice bag appli 
cation to the anterior portion of the ankle 
occurs in both videos.

I found that I needed to see the videos 
twice. I do not consider this a weakness 
of the videos. You can show them once 
and then facilitate a discussion on the 
content of the video and then show them 
a second time.

I recommend these videos for high 
school athletic training programs and for 
use with the beginning student trainer in 
a university setting. They would be ex 
cellent educational tools for coaches and 
athletes as well.

Earlene Durrant, EdD, ATC 
Brigham Young University
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Nautilus Introduces the 
Nautilus® 2ST

Nautilus introduces their most ad 
vanced and comprehensive line of 
strength training equipment, the Nauti 
lus® 2ST. Two years in development, 
Nautilus 2ST embodies all the features 
fitness enthusiasts have been demanding. 
Designed to be user friendly, this new 
strength training line is geared to fit all 
body types and fitness levels, from be 
ginners to serious body builders. In an 
effort to meet the needs of today's time- 
constrained individuals, Nautilus 2ST is 
designed to provide the most effective 
workout in the least amount of training 
time. New to the Nautilus 2ST is the 
addition of Kevlar™ belts, which pro 
vide improved cam action and make 
each repetition smoother and more effec 
tive. Other innovations include hydraulic 
seat adjusters and seat-accessible weight 
stacks for quick and easy set-up and 
adjustment. The new weight system al 
lows users to increase resistance in as 
little as one-pound increments. Nautilus 
2ST comes with a limited lifetime war 
ranty.

For more information call 1-800- 
NAUTILUS.

Smith and Nephew Donjoy 
Introduces the ProROM Walker 
by ProCare

Smith and Nephew Donjoy has an 
nounced the introduction of the ProROM 
Walker, a cost-effective solution for 
fixed immobilization and protected 
range of motion following lower leg and 
ankle injury. The ProROM is ideal dur 
ing recovery from Achilles tendon re 
pair, ankle sprains, soft tissue injuries, 
and stress fractures of the lower leg and 
ankle. The ProROM Walker provides 
fixed immobilization at 0°, 10°, or 20° of 
plantar flexion or dorsiflexion. It can 
also be set to provide limited range of 
motion from 45° of plantar flexion to 30° 
of dorsiflexion, adjustable in 7.5-degree 
increments. The ProROM Walker fea 
tures a wide base, nonskid sole, and a

low-profile rocker bottom designed for 
comfort and stability. Available in a 
range of sizes, it is designed for easy 
application and includes a breathable, 
washable liner.

For more information call 1-800-321- 
9549, ext. 3522.

DeRoyal Wound Care Launches 
Multidex® Gel

Following the success of Multidex® 
Powder, DeRoyal Industries, Inc., an 
nounces the introduction of Multidex 
Gel. Multidex is a sterile, maltodextrin 
NF wound dressing with 1% ascorbic 
acid that uses natural properties to bring 
topical nutrients to the wound site to 
facilitate the healing process. Multidex 
mixes with the wound exudate to form a 
natural protective coating. The new Mul 
tidex Gel allows the use of Multidex on 
hard-to-access areas and nonexudating 
wounds to create and maintain a moist 
environment beneficial for tissue healing 
and growth. Some of the significant clin 
ical findings of Multidex Gel demon 
strate that it helps to soften necrotic 
tissue, which aids in the debridement 
process; quickly penetrates all irregular 
ities of a wound, filling all tunneling and

undermining; and is nontoxic and is not 
absorbed systemically. Multidex Powder 
and Gel can be used on all wounds 
including dermal ulcers (stages II, III, 
and IV), lesions, diabetic ulcers, abdom 
inal wounds, superficial wounds, donor 
sites, and second-degree burns. Multidex 
is effective on both infected and nonin- 
fected wounds. Multidex Gel wound 
dressing is available nationally in home 
health care stores and hospitals.

For more information call 1-800-337- 
6925.

Vertetrac Ambulatory Traction 
—Now Available in the U.S.

The Vertetrac ambulatory traction 
system is a simple yet effective device 
developed by an Israeli surgeon, Dr. 
Ludwig Stabholtz, that has been used in 
many European countries and the Far 
East with gratifying results. The Verte 
trac device is composed of two U-shaped 
padded segments that are connected by 
metal rods. One segment fits around the 
waist, the other under the chest. The 
segment under the chest can be adjusted 
upward to enable distraction of the lum 
bar spine. The waist segment does not 
move but has an adjustable knob to 
provide horizontal pressure directly over 
the lumbar vertebrae. The simultaneous 
application of vertical and horizontal 
forces has proven to be instrumental in 
the success of the Vertetrac. Vertical 
traction alleviates pressure on a com 
pressed disc, while horizontal traction 
helps realign a ruptured disc. Application 
of the Vertetrac provides patients with 
immediate relief. Treatment consists of 
approximately 30 minutes of walking 
around per day with the device strapped 
to the upper body (sitting is permitted if 
the patient tires). Typical treatments con 
tinue for 2 weeks or, if the condition is 
severe, up to 3 weeks. Vertetrac has the 
ability to provide an inexpensive, nonin- 
vasive treatment and to effectively elim 
inate pain in a short period of time.

For more information call 1-215-886- 
4644.
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Track all Medical Documents 
and Files with New BackTrack 
from StrandWare

Now medical offices and medical 
records departments can label and phys 
ically track files, charts, and a variety of 
other unique items with their PC using 
efficient bar code technology. Back- 
Track™ from StrandWare, Inc., com 
bines a powerful bar code label design 
and print utility with a flexible database 
to facilitate document tracking. Func 
tions include time and date stamping, 
overdue reports, and reservations. Back- 
Track tracks three different database li 
braries: a User Database that contains all 
authorized users of the program; a Loca 
tions Database that registers all physical 
locations where the program is used; and 
an Item Database that users can create 
and customize based upon their varying 
applications for BackTrack. Sample tem 
plates and on-line help are available. 
Uses for BackTrack include medical file 
management and control, insurance 
record management, software libraries, 
audiovisual media libraries, consumer 
check-outs, and tool and instrument 
checking. BackTrack software requires 
minimal computer expertise, supports a 
wide variety of dot-matrix, laser, and 
direct-thermal printers, and supports all 
Windows™ drivers.

For more information call 1-800-552- 
2331.

Bauerfeind Presents Caligamed 
Ankle Orthosis

Caligamed, the most recent addition to 
the family of Bauerfeind ankle products, 
is a unique ankle immobilization ortho- 
sis. Caligamed can be worn in a shoe to 
offer full immobilization of the ankle 
joint. Constructed of a rigid plastic com 
pound, the anatomically contoured shell 
covers the lateral aspect of the foot and 
the lower ankle. The heel region is 
molded in slight pronation to unload the 
lateral ligaments and provide relief. The 
special Y-shaped VELCRO® strapping 
configuration provides comfortable, ad 
justable stability while it prevents tilting 
and forward shifting of the talus.

Caligamed is indicated for chronic 
ankle instability, immediate postinjury

immobilization, protection postopera- 
tively after ligament restructuring, or as 
conservative treatment for torn liga 
ments. The product can also be worn 
following an Achilles tendon rupture or 
as a night splint for plantar fasciitis. It is 
available in three sizes.

For more information call 1-800-423- 
3405.

Deluxe Hinged Knee Support 
from Biodex

Biodex Medical Systems, Inc., has 
just made available its new Deluxe 
Hinged Knee Support. Economically 
contoured for a secure, comfortable, 
"second skin" fit, this high-quality sup 
port sleeve offers superior stability to the 
knee while also providing patella- 
tracking control and knee extension 
management. The Biodex Deluxe 
Hinged Knee Support features covered, 
heavy-duty, medial- and lateral-hinged 
steel stays with adjustable extension 
stops at 0°, 15°, 30°, and 45°. A trim- 
mable, removable tubular rubber buttress 
is included for improved patella tracking. 
Integral 1-inch distal and proximal straps 
assist in stabilizing the buttress around 
the patella while two additional circum 
ference straps are used to keep the hinge 
close against the knee. A taped posterior 
seam reduces popliteal irritation. Conve 
nient pull tabs and a pullover design 
make the support easy to position over 
the knee. The Biodex Deluxe Hinged

Knee Support is made from a revolution 
ary new material called epX™. This 
super-thin, four-way stretch Lycra span- 
dex material will not bunch up behind 
the joint. It allows air to pass through, 
eliminating heat build-up and conse 
quent perspiration and eczema.

For more information call 1-800-224- 
6339.

Spine Tuner® Biofeedback 
Posture Trainer

Clear Sky Products is pleased to intro 
duce the Spine Tuner® Biofeedback Pos 
ture Trainer. The Spine Tuner is a unique 
patent-pending posture-training device 
that monitors the posture of the wearer 
and provides an immediate, soft, vibra 
tory warning when the wearer slouches. 
The consistent body position feedback 
raises body position awareness and de 
velops new, corrected posture habits. 
The Spine Tuner is effective for seated, 
standing, and lifting positions. The Spine 
Tuner is available in a belt version for 
lumbar spine postural problems and lift 
ing technique training, a bra version for 
the female thoracic spine, head forward, 
and round-shoulder postural defects, and 
a halter or vest version for the male 
thoracic spine, head forward, and round- 
shoulder postural defects. The sensitivity 
is fully adjustable, and the sensor is 
powered by a replaceable AAA battery.
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For more information call 1-888-277- 
2001.

Phoresor® II Auto

IOMED, Inc., announces the release 
of the Phoresor® II Auto, a new model of 
IOMED's lontophoretic Drug Delivery 
System for transdermal administration of 
medication. The unit features new soft 
ware and display capabilities that im 
prove the efficiency of administering 
iontophoretic procedures.

Powered by a 9V battery, the Phoresor 
II Auto allows medical professionals to 
administer iontophoretic treatment by 
setting only two parameters, the dose and 
electrical current. All other functions, 
such as current ramp up and down, time 
remaining calculation, error messages, 
safety and automatic shut off, as well as 
other similar functions, are performed by 
the unit automatically without user input. 
The internal circuitry is modified to op 
timize the software structure and func 
tion.

For more information call 1-800-621- 
3347.
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EDUCATION 
FOUNDATION
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The NATA Research & Education Foundation is pleased to announce 
that $100,000 is available annually for Research and Education Grants. 
The deadlines for grant applications are March 1 and September 1 of 
each year. Priority consideration will be given to proposals which 
include an NATA-certified athletic trainer as an integral member of the 
research or project team.. There are two separate grant applications: 
one for scientific research grants and one for educational grants.

RESEARCH GRANTS_— $_75,000 Available
$50,000 is available to fund proposals which address important issues in four categories: 
basic science, clinical studies, sports injury epidemiology and observational studies.

$25,000 is available to fund studies which investigate the validity and efficacy of therapeutic 
techniques, modalities, clinical procedures and equipment used by allied health care practi
tioners.

EDUCATION GRANTS — $25,000 Available
Education Research Grants include studies investigating teaching methods and evaluation 
and learning tools used in the area of athletic training education. Areas of particular interest 
to the Foundation are computer and competency based learning and methods used to 
evaluate clinical learning skills. These grants range from $1,000 - $15,000.

Education Program Grants include seed money for seminars, lectures, or any other 
education program focusing on the health care of the physically active or athletic training 
education. Program topics of particular interest to the Foundation are closed head injury, 
management of spinal conditions, on the field injury management procedures and 
dysfunctional eating patterns. These grants range from $1,000 - $5,000.

To receive a copy of the Education Grant Application or 
the Research Grant Application, please write to:
NATA Research & Education Foundation 
2952 Stemmons Freeway, Dallas, TX 75247
E-mail the request to BrianaE@aol.com or call 800-TRY-NATA ext. 150
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e. References
f. Tables (each on a separate page)
g. Legends to figures
h. Figures

12. Begin numbering the pages of your manuscript with the 
abstract page as #1; then, consecutively number all 
successive pages.

13. Units of measurement shall be recorded as SI units, as 
specified in the AMA Manual of Style, except for angular 
displacement, which should be measured in degrees 
rather than radians. Examples include mass in kilograms 
(kg), height in centimeters (cm), velocity in meters per 
second (m-sec"' or m/sec), angular velocity in degrees 
per second (°-sec~'), force in Newtons (N), and complex 
rates (mL/kg per minute).

14. Titles should be brief within descriptive limits (a 16-word 
maximum is recommended). If a disability is the relevant 
factor in an article, the name of the disability should be 
included in the title. If a technique is the principal reason 
for the report, it should be in the title. Often both should 
appear.

15. The title page should also include the name, titles and 
affiliation of each author, and the name, address, phone 
number, fax number, and E-mail address of the author to 
whom correspondence is to be directed.

16. A structured abstract of 75 to 200 words must accom 
pany all manuscripts. Type the complete title (but not the 
authors' names) at the top, skip two lines, and begin the 
abstract. Items that are needed differ by type of article 
and should include: Literature Review: Objective, Data 
Sources, Data Synthesis, Conclusions/Recommenda 
tions, and Key Words; Original Research articles: 
Objective, Design and Setting, Subjects, Measurements, 
Results, Conclusions, and Key Words; Case Reports: 
Objective, Background, Differential Diagnosis, Treat 
ment, Uniqueness, Conclusions, and Key Words; Clini 
cal Techniques: Objective, Background, Description, 
Clinical Advantages, and Key Words. For the Key 
Words entry, use three to five words that do not appear in 
the title.

17. Begin the text of the manuscript with an introductory 
paragraph or Ewo in which the purpose or hypothesis of 
the article is clearly stated and developed. Tell why the 
study needed to be done or the article written and end 
with a statement of the problem (or controversy). High 
lights 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 section. In a one- to two-paragraph 
review of the literature, identify and develop the magni 
tude and significance of the controversy, pointing out 
differences among others 1 results, conclusions, and/or 
opinions. The introduction is not the place for great 
detail; state the facts in brief specific statements and 
reference them. The detail belongs in the discussion. 
Also, an overview of the manuscript is part of the 
abstract, not the introduction. The active voice is pre 
ferred. For examples, consult the AMA Manual of Style.

18. The body or main part of the manuscript varies according 
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 head 
ings and subheadings, charts, graphs, and figures is 
recommended.
a. The body of an Original Research article consists of 

a methods section, a presentation of the results, and a 
discussion of the results. The methods section should ' 
contain sufficient detail concerning the methods, 
procedures, and apparatus employed so that others 
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 
problem or question posed in the introduction.

c. The body of a Case Report should include the 
following components: personal data (age, sex, race, 
marital status, and occupation when relevant—but 
not name), chief complaint, history of present com 
plaint (including symptoms), results of physical ex 
amination (example: "Physical findings relevant to 
the rehabilitation program were . . ."), medical 
history (surgery, laboratory results, exam, etc), diag 
nosis, treatment and clinical course (rehabilitation 
until and after return to competition), criteria for 
return to competition, and deviation from expecta 
tions (what makes this case unique).

d. The body of a Clinical Techniques article should 
include both the how and why of the technique: a 
step-by-step explanation of how to perform the tech 
nique, supplemented by photographs or illustrations, 
and an explanation of why the technique should be 
used. The discussion concerning the u7;v of the 
technique should review similar techniques, point out 
how the new technique differs, and explain the 
advantages and disadvantages of the technique in 
comparison with other techniques.

19. 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 sum 
mary paragraph or list of conclusions at the end of the 
discussion section.

20. References should be numbered consecutively, using 
superscripted arabic numerals, in the order in which they 
are cited in the text. References should be used liberally. 
It is unethical to present others' ideas a.s your own. Also, 
use references so that readers who desire further infor 
mation on the topic can benefit from your scholarship.

21. References to articles or books, published or accepted for 
publication, or to papers presented at professional meet 
ings are listed in numerical order at the end of the 
manuscript. Journal title abbreviations conform to Index 
Medicus style. Examples of references are illustrated 
below. See the AMA Manual of Style for other examples. 
Journals:
1. van Dyke JR III, Von Trapp JT Jr, Smith BC Sr. 

Arthroscopic management of postoperative arthrofi- 
brosis of the knee joint: indication, technique, and 
results. J Bone Joint Suiy Br. 1995; 19:517-525.

2. Council on Scientific Affairs. Scientific issues in drug
testing. JAMA. 1987;257:3110-3114. 

Books:
1. Fischer DH, Jones RT. Growing Old in America. New 

York, NY: Oxford University Press Inc; 1977:210- 
216.

2. Spencer JT, Brown QC. Immunology of influenza. In: 
Kilbourne ED, Gray JB, eds. The Influcnz.it Viruses 
and Influenza. 3rd ed. Orlando, FL: Academic Press 
Inc; 1975:373-393.

Presentations:
1. Stone JA. Swiss ball rehabilitation exercises. Pre 

sented at the 47th Annual Meeting and Clinical 
Symposia of the National Athletic Trainers' Associa 
tion; June 12, 1996; Orlando, FL.

22. Table Style: 1) Title is bold; body and column headings are 
roman type; 2) units are set above rules in parentheses; 3) 
numbers are aligned in columns by decimal; 4) footnotes are 
indicated by symbols (order of symbols: *, t, $, §, II, 'II); 5) 
capitalize the first letter of each major word in titles; for each 
column or row entry, capitalize the first word only. See a 
current issue of the Journal for examples.

23. All black and white line art should be submitted in 
camera-ready form. Line art should be of good quality; 
should be clearly presented on white paper with black 
ink, sans serif typeface, and no box; and should be 
printed on a laser printer—no dot matrix. Figures that 
require reduction for publication must remain readable at 
their final size (cither one column or two columns wide). 
Photographs should be glossy black and white prints. Do 
not use paper clips, write on photographs, or attach 
photographs to sheets of paper. On the reverse of each 
figure attach a write-on label with the figure number, 
name of the author, and an arrow indicating the top. 
(Note: Prepare the label before affixing it to the figure.) 
Authors should submit one original of each figure and 
five copies for review.

24. Authors must request color reproduction in a cover letter 
with the submitted manuscript. Authors will be notified 
of the additional cost of color reproduction and must 
confirm acceptance of the charges in writing.

25. Legends to figures are numbered with arabic numerals in 
order of appearance in the text. Legends should be 
printed on separate pages at the end of the manuscript.
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Journal of Athletic Training CEU Quiz 
to Appear in NAT A News

Beginning with the March, 1997 issue (Volume 32, Number 1), the CEU quizzes for the Journal of Athletic Training 
will appear in the NATA News according to the following schedule:

Articles in this issue of 
Journal of Athletic Training

March 
May
September 
December

(Vol. 32, No. 1) 
(Vol. 32, No. 2) 
(Vol. 32, No. 3) 
(Vol. 32, No. 4)

Quiz in this issue of 
NATA News

April, 1997 
June, 1997 
October, 1997 
January, 1998

Details about the new procedures for the CEU quiz can be found on pages 35 to 37 of the April, 1997 issue of the 
NATA News. For general information, visit the JAT Web site at www.nata.org/jat .

The CEU Quiz is also posted on NATA's Fax-on-Demand Service. To access Fax-on-Demand, dial toll-free 
1-888-ASK NATA or 214-353-6130 from a touch-tone phone. Follow the automated instructions and ask for 
Document #112.

rehab
can 

SS be
The B.O.I.N.G.™ (Body Oscillation Integrates 

Neuromuscular Gain) is a unique oscillating exercise 
device that offers an effective and fun workout. The 
B.O.I.N.G. enhances your rehabilitative capabilities by 
inexpensively providing your patients with a 
combination of Isotonic, Isometric and Plyometric 
Resistance in both closed and open chain environments.

Resistance is provided as the B.O.I.N.G. deflects 
(bends) in a oscillating motion by employing muscular 
contraction of the wrist, elbow, shoulder joint/ girdle, 
trunk and lower extremities individually or in any 
combination. Illustrated instructions are included.

Who says rehab has to be dull?

The B.O.I.N.G. is just one ofOPTP's new and 
unique conservative rehab products. For more 
information, call toll-free 1-800-367-7393. 
Research report available-

OPTP
The Conservative Care Specialists

P.O. Box 47009, Minneapolis, MN 55447-0009
1-800-367-7393 (612) 553-0452 Fax: (612) 553-9355
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Over a Decade of Results..
THE MULTIAXIAL® \ 
ANKLE EXERCISER
The MULTIAXIAL® Ankle Exerciser saves time, space and wear and 
tear on your isokinetic equipment while offering your patient the very 
best in therapeutic exercise at a reasonable cost.

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

FOR MORE INFORMATION, PLEASE CONTACT

MULTIAXIAL" INC P.O. Box 404, Lincoln, Rhode Island 02865 • (401) 723-2525

SFYROFLEX'Dressings
Eliminate the Need for
Tape & Gauze

• Help Reduce 
Scarring & Scabbing
• Speed Healing
• Self Adhesive
• Water Resistant
• Lasts 5 to 7
• Thin & Flexible
• Can Be Cut To Size
Available in STERILE 2"x2" 
4"x4" size dressings.
Also in kits at your local retailer.

This new generation of patented "intelligent®" dressings 
combines open cell construction for efficient moisture

management with semipermiable 
outer skin that helps protect

the wound from 
external moisture 
and contamination 
allowing the

Moisture

wound to breathe. Exudate Adhesive 
Membrane

'Used in Hospitals Worldwide'

by POLYMEDICA
i HEALTHCARE, INC.

A subsidiary of PolyMedica Industries. Inc. 
Golden, Colorado 80401. 1-800-521-4503
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410-835-FOOT
800-HOT-FOOT

FAX: 410-835-3494

7201 Friendship Rd.
P.O. Box 100 

Pittsville, MD 21850

FOOT MANAGEMENT, INC.

Ortho-Arch II Therathotic

Custom Orthotics and 
Foot Related Products

Red, White & Blue
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When

You

Think

Performance

AHJatural S|,pr,ti~' \ v? * • &'^ >.W.J. .&" ims:M\ ,f /»<tv ••• .

System!
DUL-X is a complete line of sport 
therapy products developed in 
Switzerland over four decades ago. 
This all natural product line provides 
complete care for pre- and post- 
exercise treatment.

DUL-X topical lotions and creams are 
made of pure and natural 
ingredients, free of mineral oils, 
paraffin and animal fats. They do 
not clog pores or irritate the skin.

itach product works in harmony with 
your body's own system to enhance 
performance - naturally. DUL-X 
products are formulated to help you 
achieve more - work out longer -
maximize performance! , . " i•&V#.',, [/'•

DUL-X products are absorbed 
immediately through the ^«t3nj 
warming the muscle tissue for 
maximum flexibility. Utilizing DUL-X 
enables the trainer, sports massage 
therapist and athlete to prepare the 
body for vigorous exercise while 
helping to prevent injury. r !,,,*

To learn more about DUL-X 
products, call today for a free 
sample packetand video.

1-800-366-DUL-X

E-Mail: dul-x@dul-x.com 
www.dul-x.com

Benny Vaughn, L.M.T., A.T., C. 
Jody Stork, L.M.T.

BIO-PERFORMANCE Inc.

648-C Matthews-Mint Hill Road • Matthews, NC 28105 
phone (704) 844-0474 • fax (704) 844-0475



T.HIS LITTLE PIGGIE CRIED

ow, ow, ow 99

ALL THE WAY HOME.

If turf toe is sending your 

players to the locker 

room instead of

the field, you haven't heard about

the revolutionary new

product from Cramer. Our

unique Turf Toe Brace is just

what you need to get your players

back in the game fast. Q

The Turf Toe Brace protects

like a tape job. It fits snugly

around the ankle, heel and toe,

preventing hyperextension of

the great toe. But unlike a tape job,'

this brace is lightweight and easy to

use. In fact, your players can slip it on 

all by themselves. G You save time. 

And your team saves money 

because each Turf Toe Brace can 

be used again and 

again. And most 

importantly, athletes

say our new 

P product is more

comfortable than even the 

/ best tape job. Q Get your 

little piggies to market today and 

pick up a Turf Toe Brace from Cramer. 

It'll have your athletes crying "wow, 

wow, wow!" all the way home.

1 8OO 345-2231
NEW PRODUCT LEADER SINCE 1918

©1997, Cramer Products, Inc. 
http://www.cramersportsmed.com


