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Transitions
David H. Perrin, Editor-in-Chief

The September issue marked the end of Dr. Kenneth Knight's tenure as Editor-in-Chief of the Journal of Athletic 
Training. Over the past 11 years, Dr. Knight has transformed the Journal into a respected scholarly publication. Like 
the articles in the 40+ preceding issues of JAT, the manuscripts in this issue were reviewed and revised under Dr. 
Knight's supervision. Accordingly, he also deserves much of the credit for this final issue of Volume 31. We all owe 
Dr. Knight our gratitude for his many years of distinguished service to the Journal of Athletic Training.

I would be remiss if I didn't also acknowledge the significant contributions of former assistant editor Janet Brown. 
Everyone who has published in the Journal of Athletic Training has experienced firsthand her dedication and 
expertise.

As an athletic training educator, researcher, and clinician, I can't think of a greater honor than to have been selected 
as the next Editor-in-Chief of the Journal of Athletic Training. My pledge to the Board of Directors and my athletic 
training colleagues is to produce not only a publication that will serve as a source of pride for our profession, but also 
one that will compete on an equal professional basis with all other journals in the sports medicine arena.

In a broad sense, my goal for the Journal of Athletic Training is to place it in the best possible position for 
acceptance by the leading medical indexes. Toward that end, I will enhance its scholarly image, both in appearance 
and content. The first issue of Volume 32 will bring about some changes in layout with respect to placement of 
advertisements and content of the various sections of the Journal. The Associate Editors and I will select papers based 
on sound scholarship that also have clinical relevance to athletic trainers. We'll also encourage other members of the 
sports medicine community to consider JAT as a forum for their writing. I want the Journal of Athletic Training to 
be the periodical of choice for both publication and discussion for all professionals involved in the health care of 
physically active people.

You will note from the masthead of this issue that the editorial office of the journal now resides at the Hughston 
Sports Medicine Foundation. I am indebted to founder Dr. Jack Hughston for including JAT in his overall plan for 
research and education in sports medicine. The Foundation also provides the expertise of Managing Editor Leslie 
Neistadt and Editorial Assistant Markie Gardner. This arrangement will enable me to oversee the editorial process, 
while at the same time developing and implementing strategies essential to the overall growth of the Journal of 
Athletic Training. In this regard, I welcome your participation, comments, and suggestions.
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The Relationship of Stress, Competitive 
Anxiety, Mood State, and Social Support to 
Athletic Injury
Lynn Lavallee, BA; Frances Flint, PhD, ATC

Study Objective: We examined the role of stress, competi 
tive anxiety, mood state, and social support in athletic injury. 
Specifically, we hypothesized that athletes reporting high levels 
of stress, high competitive trait anxiety, negative mood state, 
and low social support would exhibit greater incidence of injury 
and injury severity.

Design and Setting: Correlational analysis. Major Canadian 
university.

Subjects: Voluntary sample, 55 male varsity athletes (42 
football, 81% of the football team, and 13 rugby, 74% of the 
rugby team), ages 19-28 yr (x = 22).

Measurements: The inventories Sport Competition Anxiety 
Test (SCAT), Social Support Scale, Social Athletic Readjust 
ment Rating Scale (SARRS), and Profile of Mood States 
(POMS) were administered. Internal consistency of the self- 
report measures was tested using Cronbach's alpha coeffi 
cient. Injury rate and severity were recorded by the head 
student therapist throughout the season.

Results: Correlational analyses performed using Pearson 
correlational coefficient revealed that competitive anxiety (r = 
.29, p = .03) and tension/anxiety mood states (r = .43, p =

.001) were related to injury frequency, and that tension/anxiety 
(r = .44, p = .008), anger/hostility (r = .30, p = .02), and total 
negative mood state (r = .28, p = .038) were related to injury 
severity. Individually, the two sports yielded somewhat different 
results: for football, injury frequency and injury severity were 
related to tension/anxiety (r = .43, p = .004 and r = .47, p = 
.002, respectively). Vigor/activity was found to be significantly 
related to injury rate (p = .02), but since the internal consistency 
of vigor/activity was less than .70 on the Cronbach alpha scale, 
this significant finding was disregarded. In rugby, injury fre 
quency was related to tension/anxiety (r — .58, p = .04) and 
depression/dejection (r = .57, p — .04).

Conclusions: These findings are useful for athletic trainers in 
identifying athletes who may possess psychological factors 
predisposing them to athletic injury. Subsequently, athletic 
trainers can instruct these athletes or refer them for assistance 
in psychological preventive interventions.

Key Words: Sport Competition Anxiety Text, Social Support 
Scale, Social Athletic Readjustment Rating Scale, Profile of 
Mood States.

The purpose of this study was to investigate the relation 
ship among stress, competitive anxiety, mood state, 
social support, and athletic injury. Specifically, it was 

hypothesized that football and rugby varsity athletes reporting 
high levels of stress and competitive trait anxiety would exhibit 
greater incidence of injury and injury severity. It was also 
hypothesized that high competitive trait anxiety and negative 
mood states would contribute to the increase of injury rate 
and/or severity. Moreover, it was hypothesized that a healthy 
social support system would aid in dealing with life stress and, 
therefore, decrease the rate and severity of injury.

Sport injury can be one of the most traumatic events a 
competitive athlete faces during his or her career. Athletic 
trainers are responsible, not only for rehabilitation of the 
athlete, but also for prevention of injury. Therefore, athletic 
trainers should identify possible causes of athletic injury. Many 
factors can attribute to athletic injury such as environment, 
equipment, and physical condition of the athlete. 7 There is a 
growing realization that psychological factors, such as stress 
and anxiety, may also play a role in the frequency and extent 
of injury.2 '7 '8 ' 11 For this reason, it is important for athletic

Lynn Lavallee and Frances Flint are affiliated with York University 
School of Physical Education, 4700 Keele Street, Toronto, ON, Canada 
M3J 1P3.

trainers, in an attempt to prevent injury, to identify the 
psychological factors that are related to athletic injury.

Based on the history of research in this field Andersen and 
Williams 1 proposed a model of stress and athletic injury that 
attempts to incorporate all possible intervening factors. This 
model suggests that when an athlete is faced with a potentially 
stressful athletic situation, there is a resultant stress response. 1 
The body's response to the potentially injurious situation is a 
cognitive appraisal of the demands, resources, and conse 
quences, followed by physiologic and attentional changes. 1 
These physiologic and attentional changes may include in 
creased muscle tension, narrowing of the visual field, and 
increased distractibility, which may have a negative impact on 
the stress-injury response. 1 ' 13 The stress-injury response can be 
influenced by personality, coping resources, and psychological 
interventions, such as cognitive restructuring, distraction, de- 
sensitization, and relaxation skills. 1 '5 '8

METHOD

Subjects

A total of 55 male varsity athletes from a major Canadian 
university participated in the study. The group comprised 42 
varsity football players and 13 varsity rugby players, ranging in
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age from 19 years to 28 years, with a mean age of 22 years. The 
relatively small sample size was due to the voluntary nature of 
the study. Eighty-one percent of the football team and 74% of 
the rugby team participated.

Procedure

The study was explained to all participants and then in 
formed consents were signed. The inventories—Sport Compe 
tition Anxiety Test (SCAT),9 Social Support Scale,6 Social 
Athletic Readjustment Rating Scale (SARRS),3 and Profile of 
Mood States (POMS) 10—were administered before the end of 
the season. Due to the voluntary nature of the study and an 
attempt to obtain a greater sample size, inventories were 
accepted throughout the season. SCAT and POMS are general 
inventories that measure traits and do not fluctuate as im 
mensely with life events as SARRS or the Social Support 
Scale. 3 '6'9 ' 10 Therefore, time of administration of the SCAT 
and POMS inventory is not as sensitive as the SARRS or 
Social Support Scale. Optimally, to allow for changes in life 
events, inventories should be administered before the season, at 
the time of injury, and at the end of the season.

Injury Recording

Recording of injuries for both sports was performed by the 
head student therapist of each sport according to Reid's 12 
classification of injuries, specifically, Grade I, Grade II, and 
Grade III injuries. Contact with the student therapists for minor 
treatments such as blisters and prophylactic taping was not 
recorded. All other Grade I, Grade II, and Grade III injuries 
were included in the study. Some of the previous research in 
this field5 '7 measured injury severity by number of days missed 
practicing or in games, but these can be influenced by 
individual differences in physical and emotional responses to 
injury. Reid's classification of injury takes the actual injury 
severity into account rather than simply days of practice 
missed. The classification system used in this study is repre 
sentative of each specific injury and attempts to rule out other 
possible factors that may influence days missed.

Self-Report Measures

Competitive Trait Anxiety. Competitive trait anxiety was 
measured by Martens' 9 Sport Competition Anxiety Test 
(SCAT). The SCAT is a 15-item inventory with scores ranging 
from 10 (low) to 30 (high). A higher score represents a higher 
level of trait anxiety. The SCAT has been found to have a high 
internal consistency (r = .95). Concurrent validity for SCAT is 
difficult to measure due to the inability to relate to other sport 
anxiety measures versus general anxiety (r = .28 to .46).

Social Support. Social support was measured by the Social 
Support Scale. 6 The seven items of the questionnaire include 
parents, other family members, friends, coaches, sport injury 
staff, instructors/professors, and teammates. Subjects deter 
mine satisfaction of perceived social support ranging from 1-5 
on a Likert-type scale. A higher score represents a greater 
degree of satisfaction with social support.

Life Stress. The Social Athletic Readjustment Rating Scale 
(SARRS) was used to measure life stress. 3 SARRS lists 57 life 
events, giving different weighting depending on the severity of 
the stressor, ranging from 0-100. A total SARRS score is 
derived by summing all different stressors experienced during 
the last 12 months. The SARRS score reflects the amount of 
readjustment required by the subject to adapt to the life change. 
A higher score indicates a higher level of stress in the life of the 
subject. The SARRS does not distinguish eustress from dis 
tress. Internal consistency is relatively low (r = .42).

Mood State. Mood state was measured by the Profile of 
Mood States (POMS) inventory. 10 POMS measures six mood 
or affective states: tension/anxiety, depression/dejection, an 
ger/hostility, vigor/activity, fatigue/inertia, and confusion/ 
bewilderment. A total mood score, either negative or positive, 
can be determined by summing all the scores. Sixty-five, 
five-point Likert-type scales describe the mood states. Internal 
consistency is very high (r = .90).

RESULTS

A number of statistical analyses were conducted to address 
the research questions of the study. First, the internal consis 
tency of the self-report measures used in the present study was 
tested using Cronbach's4 alpha coefficient. Second, all injury 
data for the 1993-94 school year for the involved athletes were 
tabulated. Third, correlational analyses were performed using a 
Pearson correlational coefficient.

Reliability of Measures

The internal consistency reliability of SCAT and POMS 
were evaluated using Cronbach's4 alpha coefficient. An alpha 
value of .70 or higher is considered to be an acceptable 
indication of scale reliability.4 Therefore, only those scales 
with alpha values of .70 or higher were retained for further 
analysis. Both SCAT and POMS total negative mood states 
were found to have acceptable internal consistency. SARRS 
and the individual measures of vigor/activity and confusion/ 
bewilderment of POMS were found to have unacceptable 
internal consistency; therefore, these results were disregarded.

Injury Data Analysis

Throughout the season, a total of 67 injuries were recorded 
for the football and rugby athletes who participated in the 
study. A total of 54 injuries were reported for football. Ten 
athletes (24%) were injury free, 16 athletes (38%) sustained 
only one injury, 10 athletes (24%) sustained two injuries, and 
six athletes (14%) sustained three or more injuries. Seventeen 
injuries were classified as Grade I, 11 injuries were classified 
as Grade II, and only four injuries were classified as Grade III. 
Most of the injuries were a result of direct contact (contusions, 
brachial plexus stretches, knee ligament sprains) followed by 
overuse-type injuries (shin splints, tendonitis, and muscular 
strains).

A total of 13 injuries were reported for rugby. Five athletes 
(38%) did not sustain any injuries, four athletes (31%) sus-
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tained only one injury, three athletes (23%) sustained two 
injuries, and one athlete (8%) sustained three or more injuries. 
Four injuries were classified as Grade I, three injuries were 
classified as Grade II, and only one injury was classified as 
Grade III. As with football, most of the injuries were a result 
of direct contact followed by overuse-type injuries. The fre 
quency and grade of injury between the two sports of rugby 
and football were relatively comparable.

Correlational Analysis

Correlation analysis was performed using a Pearson corre 
lation coefficient. Significant findings were obtained for foot 
ball and rugby combined and individually.

Injury rate was significantly correlated to SCAT (r = .29, 
p — .03). This correlation is considered weak at r = .29. In this 
study, a higher score on SCAT was related to a higher rate of 
injury. Those athletes exhibiting high competitive trait anxiety 
had a higher rate of injury.

Injury rate was also significantly related to tension/anxiety 
on the POMS scale (r = .43, p = .001). This correlation was 
moderate at r = .43. A reported higher degree of tension/ 
anxiety was significantly related to a higher rate of injury. 
Those athletes reporting high tension/anxiety had a higher rate 
of injury.

Severity of injury was significantly related to tension/ 
anxiety (r = .44, p = .008) and anger/hostility (r = .30, p — 
.02) and total negative mood state (r — .28, p — .038) on the 
POMS. Tension/anxiety was moderately correlated at r = .44 
and the correlation of anger/hostility and total negative mood 
state was weak at r — .30 and r = .28, respectively. A higher 
degree of tension/anxiety, anger/hostility, and total negative 
mood state was significantly related to higher severity of 
injury. Thus, those athletes reporting greater tension/anxiety, 
greater anger/hostility, and negative mood state experienced 
greater severity of injury.

Social support was significantly negatively related to ten 
sion/anxiety (r = -.32, p = .027) on the POMS. This 
correlation was moderate at r = -.32. The greater the satisfac 
tion the athlete felt with social support, the lower the degree of 
tension/anxiety. This finding is quite significant due to the 
correlation found between tension/anxiety and injury. A 
greater satisfaction with social support may have an indirect 
effect on injury rate, due to influence on tension/anxiety mood 
state. Confusion was also found to be significantly related to 
social support at p = .03, but due to the unacceptable internal 
consistency as measured by Cronbach alpha, these findings 
were disregarded.

SCAT was significantly related to tension/anxiety (r = .30, 
p = .027), anger/hostility (r = .37, p = .004), and total mood 
state score (r = .31, p = .02). These correlations were 
moderate at r = .30 for tension/anxiety and r = .37 for 
anger/hostility. A high SCAT score was significantly related to 
a high tension/anxiety, anger/hostility, and total negative mood 
state score. Thus, those athletes exhibiting high competitive 
trait anxiety also had a greater degree of tension/anxiety, 
anger/hostility, and total negative mood state.

Individually, the sports of rugby and football were found to 
have similar results. For football, consistent with the findings 
of both sports combined, tension/anxiety was significantly 
related to injury rate and severity of injury (r = .43, p = .004 
and r = .47, p = .002, respectively). These correlations were 
considered moderate. Vigor/activity was also found to be 
significantly related to injury rate (p — .02), but since the 
internal consistency of vigor/activity was less than .70 on the 
Cronbach alpha scale, this significant finding was disregarded. 
A higher rate and severity of injury was significantly related to 
a reportedly higher degree of tension/anxiety. Those football 
players who were under greater tension/anxiety experienced a 
greater frequency and severity of injury.

For rugby, the rate of injury was significantly related to 
tension/anxiety (r = .58, p = .04), but severity of injury was 
not significantly related to tension/anxiety as was found with 
football and both sports combined. Rather, depressed/dejected 
mood state was significantly related to rate of injury (r = .57, 
p = .04), which was not found in football or both sports 
combined. These correlations were considered moderate. A 
higher rate of injury was significantly related to a higher degree 
of tension/anxiety and depressed/dejected mood state. Those 
rugby players under greater tension/anxiety and a depressed/ 
dejected mood state experienced a higher frequency of injury.

DISCUSSION

In support of Andersen and Williams' 1 model, high compet 
itive trait anxiety and tension/anxiety were found to be signif 
icantly related to rate of injury, while tension/anxiety, anger/ 
hostility, and total negative mood state were significantly 
related to severity of injury. High competitive trait anxiety 
(SCAT) also played a significant role in the degree of tension/ 
anxiety, anger/hostility, and total negative mood state recorded 
by POMS.

The fact that no relationship was found between life stress 
and athletic injury may be due to SARRS, the inventory used 
to assess life stress. The Spearman rank-order correlation 
coefficient of SARRS reported by Bramwell et al3 is quite low 
(r = .42). SARRS was altered from SRRS in 1975 to better fit 
the athletic population. Even in 1975 there were shown to be 
significant differences in the individual's perception of adjust 
ment for certain life events, particularly between ethnic popu 
lations.3 SARRS was designed over 20 years ago, and since 
that time views toward many life events such as marriage, 
divorce, and discrimination have changed dramatically. It is 
suggested that SARRS may not be the ideal inventory to assess 
life stress. Rather, due to multicultural and societal differences, 
an inventory should allow the individual to assess how much 
adaptation he or she feels is required for specific events that 
have been encountered.

The differences between the sports of football and rugby 
were not dramatic. Football players under greater tension/ 
anxiety as measured by POMS experienced a greater frequency 
and severity of injury. Rugby players under greater tension/ 
anxiety and a depressed/dejected mood state experienced a 
higher frequency of injury, but not a greater severity of injury. 
It is suggested that the lack of significance found with severity
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of injury can be explained by the typical "downplaying" of 
injury by rugby players in order to stay in the game.

Social support alone did not significantly alter frequency and 
severity of injury, but expression of greater satisfaction with 
social support correlated with a lower degree of depression/ 
dejection as measured by POMS. This finding is quite signif 
icant given the fact that depression/dejection was found to be 
positively related to injury rate in rugby players. With a sound 
base of social support there is a reported lower degree of 
depression, which may have had a protective effect.

The effect of tension/anxiety, depressed/dejected mood 
state, anger/hostility, total negative mood state, and competi 
tive anxiety on increased frequency and severity of injury can 
be interpreted in light of Andersen and Williams' model. 1 
Andersen and Williams suggest that physiologic responses to 
stress and anxiety, such as increases in muscle tension and 
physical fatigue, may heighten the relationship between psy 
chological stress and physical injury. This may also be ex 
panded to include tension/anxiety, anger/hostility, depressed/ 
dejected mood state, and total negative mood state. A higher 
total negative mood state may also contribute to increased 
muscle tension and physical and mental fatigue, which may 
promote the relationship between psychological stress and 
physical injury. 1

PRACTICAL IMPLICATIONS

These findings add information to a growing body of 
literature that points to the contribution of psychological 
factors in the incidence of athletic injuries sustained in univer 
sity sport. Thus, a new dimension can be added to the Andersen 
and Williams 1 model. Andersen and Williams 1 emphasize that 
information gained from research into the stress-injury re 
sponse should not be used to label athletes as "injury-prone." 
Rather, as found by Davis,5 the findings should serve to allow 
identification of high-risk athletes who may be aided by 
psychological intervention such as mental imagery and relax 
ation techniques.

It is very difficult to conduct a study including all possible 
variables that may influence rate and severity of injury. All 
research performed in the realm of the stress-injury response 
contributes to the Andersen and Williams 1 model. Although 
many causal factors have been suggested, further research in 
the stress-injury relationship is needed to support past findings, 
identify new determinants, and identify psychological inter 
vention techniques.

Athletic trainers, medical personnel, coaches, and athletes 
should recognize possible psychological predisposing factors 
of injury and aim to instruct or refer the athlete for assistance 
in methods outlined in the Andersen and Williams' model. 
Psychological interventions such as cognitive restructuring, 
thought stoppage, and relaxation skills may be instrumental in 
reducing the incidence of injury in sport. 5 '7
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Effect of Mild Head Injury on Postural 
Stability in Athletes
Kevin M. Guskiewicz, PhD, ATC; David H. Perrin, PhD, ATC; 
Bruce M. Gansneder, PhD

Objective: Athletic trainers and team physicians are often 
faced with the dilemma of when to return athletes to participa 
tion following mild head injury. Unfortunately, clinicians rarely 
have quantitative information on which to base their decisions. 
The purpose of this investigation was to identify postural 
stability changes in athletes with acute mild head injury.

Design and Setting: High school and college male athletes 
were prescreened for postural stability before the start of their 
season. Subjects suffering injury during the season returned for 
testing on days 1, 3, 5, and 10 following injury, and 1 month 
postseason. Control subjects were selected for comparisons.

Subjects: Ten prescreened subjects (age = 17.4 ± 2.2 yr; 
ht - 183.8 ± 8.1 cm; wt = 87.7 ± 17.3 kg) returned for testing 
following an injury. Ten matched control subjects (age = 18.6 ± 
2.6 yr; ht = 185.7 ± 6.7 cm; wt = 84.5 ± 1 9.5 kg) were selected 
for comparisons. Additionally, nine subjects (eight male and 
one female) (age = 19.9 ± 4.2 yr; ht = 182.3 ± 10.9 cm; wt = 
89.6 ± 25.2 kg) who had sustained a mild head injury from 
other varsity sports teams were recruited. Nine matched con 
trols (age = 22.1 ± 3.3 yr; ht = 181.0 ± 9.9 cm; wt = 84.9 ± 
25.6 kg) were again utilized.

Measurements: Sway index and center of balance were 
measured using the Chattecx Balance System during three eye 
conditions and three surface conditions for all subjects.

Results: Repeated measures analyses of variance (ANOVA) 
for each prescreened subject's sway index revealed significant 
differences between injured subjects and control subjects on 
day 1 postinjury as compared with the prescreening and/or 
subsequent tests. The analysis for sway index and center of 
balance inclusive of all 19 subjects with mild head injury and all 
19 control subjects demonstrated increased postural sway 
compared with control subjects on day 1 postinjury during all 
platform conditions, and on day 3 during the foam platform 
condition. The analysis for center of balance using the same 
subjects revealed that injured subjects maintained their center 
of balance farther away on day 1 postinjury compared with 
subsequent tests (p < .05).

Conclusions: These findings suggest that computerized 
dynamic posturography is a useful tool in objectively assessing 
postural stability in subjects with mild head injuries. Subjects 
with mild head injury appear to demonstrate impaired postural 
stability 1 to 3 days following injury. This information should aid 
clinicians in determining when an athlete can safely return to 
participation.

Key Words: concussion, balance, postural sway

Returning athletes to competition following mild head 
injury (MHI) often creates a dilemma for athletic 
trainers and team physicians. These very important 

return-to-play decisions are too often based on subjective 
information gathered from an anxious athlete rather than from 
sound objective data. Athletes are often returned to activity 
with doubt still lingering in the mind of the clinician making 
the decision.

Mild head injury is becoming an increasingly important 
topic of discussion within the sports medicine community. The 
National Athletic Trainers' Association's Research and Edu 
cation Foundation (NATA-REF) held a Mild Brain Injury 
Summit Roundtable in 1994. Goals of the summit included 
identifying potential risks for returning to activity following 
mild head injury, developing more widely accepted guidelines

Kevin M. Guskiewicz is assistant professor and director of the Sports 
Medicine Research Laboratory in the Department of Physical Educa 
tion, Exercise and Sport Science, The University of North Carolina at 
Chapel Hill, Chapel Hill, NC. At the time of this study, Dr. Guskiewicz 
was a doctoral candidate in sports medicine at the University of 
Virginia, Charlottesville, VA. David H. Perrin is professor and director of 
the program area in health and physical education, Department of 
Human Services for the Curry School of Education, University of 
Virginia, Charlottesville, VA. Bruce M. Gansneder is a professor in the 
Curry School of Education, University of Virginia, Charlottesville, VA.

for treatment, and emphasizing the need for research and 
education in this area.25

Despite the considerable amount of protective equipment 
available to athletes today, the head and brain are still suscep 
tible to injury during athletic competition. A high incidence of 
mild head injury in contact sports is well documented. 3 '5 '6 '9 '28 
Gerberich9 estimated that approximately 250,000 head injuries 
occur annually in high school football alone and that 20% of all 
high school football players suffer a concussion every season. 
Athletic trainers and team physicians are often faced with a 
difficult decision related to returning these athletes to play, 
while having little or no quantitative information on which to 
base the decision. Determination of the severity of injury is 
sometimes difficult, especially when there is no loss of 
consciousness or amnesia. Returning an athlete to competition 
too early has the potential to become a very costly decision- 
one that could lead to death. According to Cantu7 many 
decisions are based simply on the judgment of a physician or 
athletic trainer.

Changes in simple motor skills 13 ' 15 and postural control2 ' 14 
accompany mild head injury. However, tests used to assess 
such injuries are criticized for their lack of sensitivity and 
objectivity. The areas of the brain that are disrupted as a result 
of a concussion are responsible for the maintenance of equi-
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librium. 1 '2' 12' 18 "20'29 Other studies 10 ' 1 M7 reveal that concus 
sion diminishes cerebral reserve despite apparent recovery and 
places individuals at risk for more prolonged disability after a 
second such injury.

Romberg's tests of sensory modality function are frequently 
used to test "balance" following a head injury. Despite their 
wide use, there is more to posture control than just balance and 
sensory modality,21 "24'27 '30 especially when assessing people 
with head injury.2 ' 14 The purpose of this study was to identify 
changes in postural stability in athletes with acute mild head 
injury and to develop a recovery curve based on quantitative 
measures for determining readiness to return to activity.

METHODS

Seventy college or high school football players between the 
ages of 15 and 25 years were prescreened during the preseason 
and first 2 weeks of their season. Players were recruited from 
all positions but were excluded from participation if they had 
a history of any severe visual, vestibular, or balance disorders. 
Athletes having sustained a MHI within the 6 months before 
testing were also excluded from the study. Ten subjects (age = 
17.4 ± 2.2 yr; ht = 183.8 ± 8.1 cm; wt = 87.7 ± 17.3 kg) 
suffered a mild head injury and returned for testing on days 1, 
3, 5, and 10 following injury, and one month postseason. A 
group of prescreened matched control subjects (age = 18.6 ± 
2.6 yr; ht = 185.7 ± 6.7 cm; wt = 84.5 ± 19.5 kg) was 
selected to compare group differences.

Additionally, we recruited 8 male and 1 female subjects (age 
= 19.9 ± 4.2 yr; ht = 182.3 ± 10.9 cm; wt = 89.6 ± 25.2 kg) 
who sustained MHI from other varsity sports teams and a local 
health center's emergency room. These subjects and a group of 
matched controls (age = 22.1 ± 3.3 yr; ht = 181.0 ± 9.9 cm; 
wt = 84.9 ± 25.6 kg) were assessed under the same conditions 
as prescreened subjects on days 1, 3, 5, and 10 postinjury, and 
1 month postseason.

A questionnaire that included the Galveston Orientation and 
Amnesia Test (GOAT) 17 and a list of 15 possible postconcus- 
sion symptoms (eg, headache, disequilibrium, blurred vision, 
nausea, etc) was also administered to the injured subjects 
within the first 8 hours following injury.

Measuring Device

We measured postural sway using the Chattecx Balance 
System (Chattanooga Group, Inc., Chattanooga, TN). This 
instrument measures vertical reaction forces using four elec 
tronic pressure transducers placed under the medial and lateral 
aspects of the heel and forefoot (Fig 1). The distribution of 
pressure over the forefoot plates shows fluctuations in weight 
distribution that reflect the amount of postural sway and the 
direction of postural sway in the forward/backward and left/ 
right directions. Computer analysis calculates the center of 
balance (COB), which is the average X and Y coordinates 
plotted using the "normal" COB (where X = 0 and Y = 0) as 
a reference point. 8 The Pythagorean formula was used to 
calculate the distance in centimeters of the subject's COB from 
the "normal" COB.

s'way uCsinag fourBele r ^ a °WS f°r -sessment of posture, 
ZdUJnH T n 'C PreSSUre transducers placed under the 
medial and lateral aspects of the heel and forefoot.

Deviation from the COB in any direction represents postural 
sway, measured by the sway index (SI). Sway index (in 
centimeters) reflects the degree of scatter of data about the 
subject's center of balance. The force platform measurements 
are interfaced with software that filters data collected at 100 Hz 
so that they can be sampled and analyzed at approximately 15 
Hz. Extraneous high-frequency sway oscillations are virtually 
eliminated using this technique. Each subject's COB and SI 
were measured as a representation of postural sway under the 
nine testing conditions (Table 1). Byl and Sinnott4 investigated 
intratester and intertester reliability of the instrument and 
reported correlation coefficients of .92 and .90, respectively.

Protocol

Although subjects received no visual feedback during con 
ditions 1 through 9, we provided a practice trial before testing 
that allowed them to observe their postural sway on the 
monitor in all four directions. We explained that the goal was 
to remain in an upright position, while attempting to minimize 
sway. Shoes and/or socks were removed before testing. The 
force plates were adjusted to fit the subjects' feet. The force 
plates were placed together, which allowed the subjects to 
assume the Romberg position (Fig 2a).

The first nine testing conditions involved 20-second Rom 
berg tests while standing on the force transducers under

Table 1. Balance Testing Conditions Used to Isolate Sensory 
Modalities

1 . Eyes open, normal stable platform
2. Blindfolded, normal stable platform
3. Visual-conflict dome, normal stable platform
4. Eyes open, foam-padded stable platform
5. Blindfolded, foam-padded stable platform
6. Visual-conflict dome, foam-padded stable platform
7. Eyes open, normal plantar/dorsiflexion dynamic platform
8. Blindfolded, normal plantar/dorsiflexion dynamic platform
9. Visual-conflict dome, normal plantar/dorsiflexion dynamic platform
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Fig 2. a) Subject tested with eyes open on a normal, stable 
platform; b) Subject tested with eyes blindfolded; c) Subject tested 
wearing visual-conflict dome; d) Subject tested on a foam plat 
form.

varying degrees of sensory input disruption. We instructed 
subjects to remain as motionless as possible as they performed 
two trials for each condition. We used the better of the two 
scores for data analysis. The testing conditions were randomly 
administered to avoid a learning effect.

The technique uses combinations of three visual and three 
support-surface conditions (Table 1). Altered visual conditions 
include the use of a blindfold (Fig 2b) for eliminating visual 
input and a visual-conflict dome (Fig 2c) for producing 
inaccurate vestibular and visual input. 30 During the visual- 
conflict conditions, we instructed the subjects to stare directly 
at the "X" placed on the inside of the dome, approximately 10 
cm from the face. Under normal visual conditions, we asked 
the subjects to focus on an "X" placed on a wall approximately 
3 m in front of their faces. The altered support surface 
conditions included the use of a compliant section of medium- 
density foam placed between the force transducers and the feet 
to reduce accuracy of proprioceptive feedback (Fig 2d). An 
gular perturbations of the Balance System's platform were also 
used for three of the conditions. This produces a plantar 
flexion/dorsiflexion movement pattern, which also alters pro 
prioceptive feedback about the joints of the ankle, knee, and 
hip.

Data Analysis

Two separate, mixed-model (1 between, 3 within), repeated 
measures analyses of variance (ANOVA) for sway index and 
center of balance were used to determine if significant differ 
ences existed for the two data sets. These analyses determined 
if significant differences existed across groups (between) and 
day, eye condition, and platform condition (within) for both 
measures of stability. The goal was to determine if changes in 
the dependent variables SI and COB with time (days following 
injury) and with alterations to sensory input (visual, vestibular, 
somatosensory) were dependent on group.

RESULTS

Descriptive statistics for subject characteristics are presented 
in Tables 2 and 3. Of the 19 MHI subjects, all but three 
suffered football-related injuries. Selection of the matched 
control subjects was based on a combination of baseline sway 
measures, sex, age, height, weight, and activity level. Level of 
significance (p < .05) was set a priori for all statistics.

Prescreened MHI and Control Subjects

The ANOVA for SI revealed a significant interaction for 
group by day by platform, F(10,180) = 4.24 (Fig 3). Addi 
tional significant two-way interactions were found for group by 
day, F(5,90) = 7.09; day by eyes, F(10,180) - 1.87; day by 
platform, F(10,180) = 10.65; and eyes by platform, F(4,72) = 
75.76. Tukey post hoc analysis revealed that sway index 
differences >.30 cm represented significantly more postural 
sway, as shown in Figure 3. Significant main effects were 
revealed for day, eyes, and platform. Tukey post hoc analysis, 
however, indicated that while there were group differences on 
day 1 postinjury, there were no group differences after day 1. 
Similarly, while MHI subjects' sway measures significantly 
increased preinjury to postinjury, their performance returned to 
baseline around day 3 or day 5 postinjury. The ANOVA for 
COB revealed no significant group interactions (p > .05).

Combined Prescreened and Nonprescreened MHI 
and Control Subjects

The ANOVA for SI revealed a significant interaction for 
group by day by platform, F(8,288) = 3.36 (Fig 4). Additional

Table 2. Descriptive Statistics for Characteristics of Prescreened 
Subjects (n = 10) with Mild Head Injury (MHI) and Prescreened 
Control Subjects (n = 10)

Variable

Age (yr)
Height (cm)
Weight (kg)
GOAT Score*
No. Postconcussion Sympt.f

MHI

17.4 ±2.2
183.8 ± 8.1
87.7 ± 17.3
94.5 ± 6.4
5.60 ± 1.9

Control

18.6 ±2.6
185.7 ± 6.7
84.5 ± 19.5

N/At
N/A

* Galveston Orientation & Amnesia Test = 10-item, 100-point question 
naire testing for amnesia administered immediately following injury17

f Number of postconcussion symptoms present during first 24 hours 
postinjury (15 possible)

t N/A, not applicable
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Table 3. Descriptive Statistics for Characteristics of 
Nonprescreened Subjects (n = 9) with Mild Head Injury (MHI) 
and Nonprescreened Control Subjects (n = 9)

Variable

Age (yr)
Height (cm)
Weight (kg)
GOAT Score*
No. Postconcussion Sympt.f

MHI

19.9 ±4.2
182.3 ± 10.9
89.6 ± 25.2
91.2 ± 7.7

6.1 ± 1.4

Control

22.1 ± 3.3
181.0 ±9.9
84.8 ± 25.6

N/AJ
N/A

* Galveston Orientation & Amnesia Test = 10-item, 100-point question 
naire testing for amnesia administered immediately following injury17

t Number of postconcussion symptoms present during first 24 hours 
postinjury (15 possible)

t N/A, not applicable
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Fig 3. Sway Index means (± SD) for prescreened subjects with mild 
head injury (MHI) and control subjects (CON) across each testing 
session (preseason, day 1 postinjury through day 10 postinjury, 
and postseason).

significant two-way interactions were found for group by day, 
F(4,144) = 6.74; day by eyes, F(8,288) = 23.92; day by 
platform, F(8,288) = 25.85; and eyes by platform, F(4,144) = 
62.32. The ANOVA for COB revealed a significant interaction 
for group by day, F(4,144) = 3.06 (Fig 5).

DISCUSSION

The most important finding in this study is that athletes may 
have sensory integration problems during the first few days
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Fig 4. Sway Index means (± SD) for all subjects with mild head 
injury (MHI) and all control subjects (CON) across each testing 
session (day 1 postinjury through day 10 postinjury and postsea- 
son).

following mild head injury. The overall results of our study 
indicate that athletes with acute mild head injury demonstrate 
significantly more postural sway up to 3 days following injury. 
Additionally, athletes with mild head injury demonstrate in 
creased postural sway up to 3 days postinjury as compared with 
matched control subjects. The results suggest that injured 
athletes return to baseline approximately day 3 to day 5 
following injury and eventually mimic the improved scores of 
control subjects about day 10 following injury (Figs 3 & 4). 
Furthermore, the differences between MHI and control sub 
jects are most evident when sensory input is altered through the 
inclusion of foam padding on the force transducers or when the 
platform is perturbed in a plantar flexion/dorsiflexion direction 
(Figs 3 & 4). Finally, although GOAT scores for injured 
subjects averaged only 5.50 and 8.78 points lower than 
noninjured subjects (Tables 2 and 3), differences in balance 
between the injured and noninjured subjects were more obvi 
ous. Thus, the decision to return athletes to participation based 
solely on cognitive tests such as the GOAT may not be as 
accurate.

Our study is unique in that it studied the effect of acute mild 
head injury on postural stability. Unfortunately, there are very
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Fig 5. Center of balance (± SD) for all subjects with mild head injury 
(MHI) and all control subjects (CON) across each testing session 
(day 1 postinjury through day 10 postinjury and postseason).

few studies with which our study can be compared. As such, 
our findings of this study will be compared with findings of 
more severe and chronic head injuries that are reported in the 
literature.

Sway Index

Our findings for prescreened subjects (Fig 3) and combined 
subjects (Fig 4) are the most intriguing. The results suggest that 
MHI subjects sway significantly more than control subjects on 
day 1 following injury. This difference is greater during 
conditions where somatosensory input is altered. For example, 
the moving platform produced greater differences between the 
two groups than the foam platform, whereas the foam platform 
produced greater differences than the normal platform. MHI 
subjects also swayed significantly more on day 1 following 
injury than they swayed at preseason or on subsequent tests 
after day 1 .

The set of data combining prescreened subjects with non- 
prescreened subjects increased the sample from 10 to 19 and 
revealed significant group differences at day 3 that were not 
evident in the original set of prescreened subjects. The advan 
tage of combining the data is that doubling the number of 
subjects improves the statistical power; thus, smaller differ 
ences between groups may be considered significant. The 
disadvantage of combining these subjects is that baseline 
preseason measures taken on 10 of the subjects are eliminated 
for comparison purposes. Nevertheless, the differences be 
tween MHI subjects and control subjects can be seen for as 
long as 3 days following injury on a foam platform (Fig 4). 
MHI subjects gradually regained stability around day 5 postin 
jury, at which time they demonstrated a trend similar to control 
subjects.

The increased postural sway we found during conditions 
where somatosensory input was confounded suggests that 
MHI subjects experience sensory modality interaction prob

lems up to 3 days postinjury. In uninjured people, the 
vestibular, visual, and somatosensory systems work together 
to control postural stability. In people with mild head injury 
there appears to be a communication or interaction problem 
that prevents the vestibular and/or visual systems from 
compensating for altered somatosensory (proprioceptive) 
feedback during the foam and moving platform conditions. 
Newton26 and Shumway-Cook and Horak30 state that sway 
patterns are based on the assumption that stability scores 
reflect the interaction of sensory systems. If a subject has 
difficulty balancing under conditions in which sensory 
modalities have been altered, it can be hypothesized that the 
subject is unable to ignore altered environmental conditions 
and therefore selects a motor response based on the altered 
environmental cues. This has the potential to cause prob 
lems in athletes who encounter situations during activity 
that alter sensory input to one or more systems.

Although SI increased when the eyes were closed or a 
visual-conflict dome was worn, the increases were equal for 
both MHI and control subjects regardless of day. Therefore, 
it is difficult to discriminate between visual and vestibular 
deficits. Since the eyes-closed condition and the visual- 
conflict-dome condition both eliminate visual cues, it is not 
surprising that there is no difference between these two 
conditions in the absence of a pure vestibular lesion. This 
supports the theory that MHI subjects may experience mild 
visual and/or vestibular deficiencies. We believe that dif 
ferences between MHI and controls are not revealed when 
vision is either eliminated (eyes closed) or conflicted 
(visual-conflict dome) due to the compensatory nature of 
somatosensory input. Finally, all nonprescreened subjects 
(regardless of group) swayed significantly more with their 
eyes closed and when wearing a visual-conflict dome than 
with their eyes open. These increased sway measures 
become even more apparent when somatosensory input is 
altered (foam and moving platform). These findings are 
consistent with those of Lehmann et al, 16 who found no 
significant differences in sway measured with the eyes 
closed and while wearing the visual-conflict dome. They 
did, however, report that the differences among eyes-open, 
eyes-closed, and visual-conflict conditions were greater in 
traumatically brain injured (TBI) subjects as opposed to 
able-bodied subjects. They attribute the differences to TBI 
patients' relying more on visual cues from the environment 
than able-bodied subjects. Our study did not reveal these 
same group-by-eye interactions. Therefore, MHI subjects 
evidently do not rely as much on visual cues as TBI 
subjects. A better explanation might be that TBI patients, 
unlike MHI patients, do not have adequate somatosensory 
input to compensate for visual or vestibular deficits.

Our findings on altered platform surfaces are also consis 
tent with those of Lehmann et al, 16 who reported that the 
difference between standing on a solid support and standing 
on foam is greater in the TBI population than in the 
able-bodied population. Our MHI subjects swayed signifi 
cantly more than control subjects on day 1 postinjury (all 
three support surfaces) and on day 3 postinjury (on the foam 
surface) (Fig 4). Furthermore, the differences between
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groups increased as somatosensory input 
confounded (moving > foam > normal).

became more be placing athletes at risk by returning them earlier than 3 days 
postinjury.

Center of Balance

The set of data inclusive of all 19 MHI subjects and all 19 
control subjects best represents COB changes following head 
injury. Our results suggest that MHI subjects maintain their 
COB significantly farther away from their base of support 
(normal COB) on day 1 following injury than do control 
subjects (Fig 5). Additionally, MHI subjects appear to recover 
on day 3 following injury, since they are able to position 
themselves significantly closer to their ideal COB compared to 
day 1.

The COB results are consistent with those of Ingersoll and 
Armstrong. 14 They reported that head-injured subjects (inju 
ry > 1 year old) maintained their center of pressure at a greater 
distance from the center of their base of support and made 
fewer postural corrections. The differences reported were 
particularly evident when one or more of the sensory modali 
ties were conflicted or eliminated. This is also consistent with 
our findings. The fact that MHI subjects returned to baseline 
levels on both SI and COB by 1 month postseason contradicts 
the findings of Ingersoll and Armstrong, 14 who suggested that 
head-injured patients could maintain their center of pressure at 
distances farther away from their base of support up to 9 years 
postinjury. A possible reason for this discrepancy is that they 
used several grades of head-injured patients (mild, moderate, 
severe) as compared with the mildly impaired athletes used in 
our study.

CONCLUSION

Our findings suggest there is potential to develop an 
objective clinical assessment of MHI in terms of initial 
severity as well as residual impairment through postural 
stability measures. Our findings also suggest that the effect 
of mild head injury on postural stability lasts longer than 
just 1 day postinjury and that balance deficits may be 
present in the absense of amnesia and/or other postconcus- 
sion symptoms.

Unfortunately, most clinicians do not have postural stability 
systems available. However, these findings can still be helpful 
in making decisions related to safely returning athletes to 
participation following a mild head injury. First and foremost, 
athletes sustaining a MHI should not be permitted to return to 
activity until all postconcussive symptoms have resolved. An 
athlete returning to contact sports before meeting these stan 
dards may be at risk for suffering second-impact syndrome. 
Unfortunately, most of the measures taken before making this 
decision are very subjective. Therefore, without the luxury of 
having a stability system, clinicians should consider holding 
athletes out of participation for at least 3 days following a MHI 
(assuming all other signs and symptoms have resolved). 
Clinicians should seriously consider whether or not they might
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Salary Survey of Certified Athletic Trainers 
in Delaware, New Jersey, New York, and 
Pennsylvania
James Somerville, ATC; Michael Stanwood, ATC, CSCS

Objective: The objective of this study was to obtain salary 
information from certified athletic trainers in District Two of the 
National Athletic Trainers' Association (NATA) for use as a 
reference guide to assist entry-level and experienced ATCs 
interested in obtaining athletic training positions in Delaware, 
New Jersey, New York, and Pennsylvania.

Design and Setting: Mailed survey, sample of convenience. 
This study was conducted in the Sports Medicine Department 
of a children's hospital.

Subjects: A survey was sent to all 2,274 certified members 
of District Two. Of the surveys mailed, 970 (42.7%) were 
returned. Of the surveys returned, 725 (74.7%) were from 
full-time athletic trainers, 105 (10.8%) were from part-time 
athletic trainers, and 140 (14.4%) were unusable.

Measurements: A survey consisting of 15 questions related 
to salaries and demographics of the athletic trainers' employ 
ment settings.

Results: Forty-eight percent of the respondents were em 
ployed in the clinic or hospital setting, and almost 48% of those

responding possessed a master's degree. The state with the 
highest response rate was Pennsylvania with 45% of the total. 
The highest rate of response according to experience was 27% 
from athletic trainers having 4 to 6 years of experience. Accord 
ing to practice setting, the lowest mean salary was $32,928 ± 
$10,098 at the college or university level, and the highest was 
$59,778 ± $48,803 at the professional sport level. According to 
education level, the lowest mean salary was $30,132 ± $9,584 
(bachelor's degree), and the highest was $48,070 ± $12,973 
(PT or ATC). The mean salary by state was lowest in Delaware 
($32,330 ± $12,865) and highest in New Jersey ($36,695 ± 
$12,593). The highest mean salary by years of experience was 
$57,308 ± $30,723 (25 years or more).

Conclusions: Further comparative studies in this area need 
to be conducted to recognize current trends with the intent of 
establishing national or regional standards of salary compen 
sation for certified athletic trainers.

Key Words: athletic training, salary, District Two, compen 
sation

The athletic training profession continues to evolve and 
grow through new and different employment opportuni 
ties, increasing numbers of entry-level certified athletic 

trainers, and increasing knowledge. Because of the diversity in 
the field of athletic training, it is important to obtain informa 
tion regarding salaries within the profession. It is evident that 
certified athletic trainers are interested in this issue. 1 " 8 Other 
salary studies have been conducted, 1 '4 "7 but only two4'5 related 
to a specific district. No previous studies have provided salary 
information of ATCs in Delaware, New Jersey, New York, and 
Pennsylvania. The purpose of this study was to obtain recent 
salary data that can be used for future comparison with other 
salary studies, to provide reference material for ATCs currently 
practicing in or considering relocating to District Two, and to 
provide data to the NATA should they in the future establish 
professional salary standards for certified athletic trainers.

METHODS

A questionnaire was designed and sent to all 2,274 certified 
members listed in the 1994 NATA Membership Directory in 
District Two along with a self-addressed stamped envelope; a 
cover letter was also mailed to each member at the address 
listed in the directory. We requested reply within 6 weeks. 
Budgetary constraints prohibited a follow-up mailing.

James Somerville is athletic trainer and Michael Stanwood is coor 
dinator in the Sports Medicine Department, Alfred I. duPont Institute 
Pediatric Hospital, Wilmington, DE.

The survey consisted of 15 questions and was designed to 
provide anonymity for each respondent. Survey topics included 
highest earned academic degree, practice setting, years of 
experience as a certified athletic trainer, state in which cur 
rently employed, annual salary, and whether a full-time or 
part-time position was held. Information regarding other cer 
tifications and credentials, nonathletic training responsibilities, 
and supplemental income was also obtained.

RESULTS

Of the 2,274 surveys mailed, 970 were returned (42.7%). 
There were 830 usable questionnaires, which gave us a 36.4% 
response rate. One hundred forty were not usable because 33 
(3.4%) were pursuing higher education on a full-time basis, 30 
(3.1%) are not currently employed as an athletic trainer, 19 
(2%) no longer work in District Two, and 58 (6%) returned 
incomplete questionnaires. Of the 830 usable surveys returned, 
725 (87.3%) were from full-time athletic trainers, and 105 
(12.7%) were from part-time trainers. Several factors related to 
income and job description. Three hundred thirty-eight 
(46.6%) of full-time athletic trainers reported they had some 
form of supplemental income. It is unknown whether this is by 
choice or necessity. The survey also asked athletic trainers to 
state what other certifications outside of athletic training, if 
any, they possessed. Answers included, but were not limited to, 
emergency medical technician, licensed or registered physical 
therapist, registered nurse or bachelor of science in nursing,
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certified strength and conditioning specialist, certified teacher, 
massage therapist, and physical therapy assistant. First-aid and 
CPR certifications were not considered in this study. Of ATCs 
responding, 349 (48.1%) possess some other national or state 
certification. Full-time athletic trainers who reported having 
responsibilities outside of athletic training in their job descrip 
tions numbered 384 (53%).

The response rate was broken down by practice setting, 
academic degree earned, state in which employed, and years of 
experience as an ATC. The largest response according to 
athletic employment setting was 372 (44.8%) from trainers 
working in the clinic or hospital setting. Regarding educational 
degree, 396 (47.7%) have master's degrees. The largest re 
sponse rate by state was Pennsylvania with 375 (45.2%). 
Athletic trainers having 4 to 6 years of experience had the 
largest response rate in this category with 224 (27%).

The highest mean salary for full-time athletic trainers in 
District Two was for those in professional sports, earning 
$59,778 (± $48,803), while college or university athletic 
trainers had the lowest salary, $32,928 (± $10,098) (Table 1). 
According to educational degree, athletic trainers who also 
have a physical therapy degree earn the most, $48,070 (± 
$12,973), and athletic trainers with a bachelor's degree earn the 
least, $30,132 (± $9,584) (Table 2). New Jersey reports the 
highest-paid athletic trainers in District Two, earning $36,695 
(± $12,593). The salary according to experience ranges from 
$26,904 (± $6,584) for athletic trainers with up to 3 years of 
experience, to $57,308 (± $30,723) for athletic trainers with 
25 or more years of experience (Table 3). Of all ATCs in 
colleges, universities, and high schools, the teacher-athletic 
trainer has the highest salary, earning an average of $40,695 (± 
$10,443).

DISCUSSION

As more certified athletic trainers enter the work force, it is 
important to compile salary information to determine trends 
both now and in the future. Differences in salaries according to 
geographic location, practice setting, academic degree, and 
experience are areas that need to be explored. We found one 
study4 that included these variables. Our survey included the 
professional and corporate settings as well.

In comparison with the survey done in District Four, the 
high school athletic trainer earned slightly more ($36,410 ± 
$10,064) in District Two than in District Four ($35,696 ± 
n/a).4 Similar results were reported in the clinical setting. 
District Two ATCs working in the clinic averaged $33,910 (± 
$14,623), while District Four clinical athletic trainers earned

Table 1. Salary According to Practice Setting (Full-Time 
Positions) (Mean ± SD)

Table 2. Salary According to Education (Full-Time Positions) 
(Mean ± SD)

Setting Salary

Secondary or High School
College or University
Clinic or Hospital
Professional Sports
Corporate

$36,410 ±$10,064
$32,928 ±$10,098
$33,910 ± $14,623
$59,778 ± $48,803
$44,780 ± $28,379

171
197
343

9
5

23.6
27.2
47.3

1.2
.6

Degree

Bachelor's
Master's
Doctorate
PT and ATC

Salary

$30,132 ± $9,584
$34,883 ± $14,983
$47,656 ± $6,982
$48,070 ± $12,973

n

285
351

9
80

%

39.3
48.4

1.2
11.0

Table 3. Salary According to Experience (Full-Time Positions) 
(Mean ± SD)

Years Experience

0-3
4-6
7-9
10-12
13-15
16-18
19-21
22-24
25+

Salary

$26,904 ± $6,584
$30,1 83 ±$7,643
$35,720 ± $10,602
$40,525 ±$13,081
$42,155 ± $13,563
$47,01 6 ±$23,945
$54,730 ±$22,112
$49,983 ± $9,827
$57,308 ± $30,723

n

182
207
109

84
73
32
20

6
12

%

25.1
28.5
15.0
11.6
10.1
4.4
2.8

.8
1.6

$32,500 (± n/a).4 The most substantial fluctuations were 
observed in the college setting. District Four reported an 
average salary of approximately $25,000 (± n/a) for Division 
I college athletic trainers,4 while District Two reported an 
average of $31,942 (± $8,548). Division II college athletic 
trainers earned a mean salary of $30,000 (± n/a) in District 
Four compared with a mean of $39,406 (± $12,632) in District 
Two. Also, Division III ATCs made substantially less in 
District Four ($22,667 ± n/a) than in District Two ($31,270 ± 
$8,829). Why is there such a large discrepancy between the 
two districts in salaries at the college settings? If it is due to 
geographic location, it would stand to reason that there would 
be similar discrepancies at the clinical settings.

The largest response to our questionnaire was from full-time 
ATCs working in the clinical setting (343, 47.3%). This was 
twice the number of responses received from athletic trainers 
employed in the high school setting (171, 23.6%). Moss found 
that there were four times more entry-level positions for ATCs 
in the clinical setting than in the high school setting.5 If this is 
typical across the board, it would stand to reason that there are 
more athletic trainers employed in the clinical settings, thus, 
the higher response from clinic-based ATCs to our question 
naire. Also, more athletic trainers responded from the college 
setting (197, 27.2%) than from high schools (171, 23.6%). This 
is interesting since there are many more high schools than 
colleges. The high school setting seems to be the one in which 
to concentrate prospective employment efforts.

Our survey indicates a large influx of ATCs in the work 
force in recent years. We observed a high number (389, 53.7%) 
of athletic trainers with fewer than 6 years of experience 
responding. If this trend continues with no increase in employ 
ment opportunities, there will soon be a disproportionate ratio 
of ATCs for available jobs. This could pose a serious problem 
for those interested in entering the profession in the future.

We also found almost identical mean salaries for athletic 
trainers in the college setting at the Division I ($31,942 ± 
$8,548) and Division III ($31,270 ± $8,829) levels. The
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number of respondents (77, 10.6%) was identical. Considering 
that Division I athletics typically generate considerably more 
revenue than Division III athletics, it is surprising that ATCs 
do not have higher salaries at the Division I level. At the same 
time, athletic trainers working at the Division II level averaged 
$39,406 (± $12,632). It is uncertain why Division II athletic 
trainers' salaries are more than $7,000 higher, on average, than 
Divisions I and III. This may be partially due to the lower 
response rate (33, 4.6%).

Future studies need to be conducted to determine ATC 
salary norms for the purpose of establishing a regional or 
national salary standard by the NATA. Comparisons between 
districts as well as comparisons with other allied health 
professions need to be made to establish a basis for such a 
standard. This cannot be done without obtaining the needed 
information. The NATA should support each district, not only 
by funding, but also administratively, to obtain needed data 
regarding salaries. The athletic training profession changes and 
evolves constantly and will continue to do so in the future. We

need to plan ahead for these changes. In order to effectively 
plan for the future, we must determine where we are today.
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The Effectiveness of the Aquaflex Gel Pad in 
the Transmission of Acoustic Energy
Brian Klucinec, ATC

Objective: The purpose of this study was to assess the 
effectiveness of the Aquaflex Gel Pad in the transmission of 
acoustic energy.

Design and Setting: This was a comparative study that 
utilized descriptive statistics for result interpretation. The inde 
pendent variables included ultrasound intensity, interposed 
materials, and trials. The dependent variable was peak-to-peak 
voltage output recorded via an oscilloscope. The study was 
conducted in a ventilated research laboratory.

Measurements: Three trials were conducted with six com 
binations of material interposed between a conducting (1 MHz) 
and a receiving sound head. The interposed materials were as 
follows: 1) ultrasound gel, 2) gel plus a gel pad, 3) gel plus a gel 
pad and pig tissue sample (0.90 cm of subcutaneous fat), 4) gel 
plus a gel pad and a pig tissue sample (1.8 cm of subcutaneous 
fat), 5) gel plus thin pig tissue sample, and 6) gel plus thick pig 
tissue sample. Each interposed material combination was 
tested at the intensities (W/cm2) as follows: 0.10, 0.25, 0.50, 
1.00, 1.50, and 2.50.

Results: The gel pad proved to be an efficient couplant in the 
delivery of high-frequency acoustic energy. Using ultrasound 
gel as the base line (100% transmissivity) it was concluded that 
the gel pad transmitted more acoustic energy at every intensity 
except at 0.1 W/cm2 . The gel pad used with the two thick 
nesses of subcutaneous fat gave comparable results. Gel used 
with the two thicknesses of subcutaneous fat yielded results 
that warrant further investigation.

Conclusions: \ believe gel pads are a practical choice for 
clinical applications of ultrasound over uneven surfaces. The 
reusable gel pads offer the clinician a convenient and reliable 
method for delivering ultrasound energy to the patient. I believe 
it is preferable to use the gel pad with ultrasound gel directly 
applied to the patient and at the sound head-gel pad interface 
as opposed to using the traditional water bath immersion 
method.

Key Words: ultrasound, transmissivity, gel pad

There are many couplants commercially available for 
ultrasound transmission. 1 A couplant or coupling agent 
is a medium used to transfer sound waves. 12 The main 

function of the coupling agent is to provide high transmission 
with low absorption of ultrasound energy. Any ultrasound 
energy absorbed by the coupling agent is said to be attenuated. 1 
Characteristics of coupling agents include viscosity, ease of 
use, salt content, cost, and the ability to exclude air. 9 ' 13

The exclusion of air is important due to the reflection of the 
sound waves that may occur at couplant-tissue interfaces. 13 
The viscosity determines how much of the couplant will be 
needed per treatment. The ease of use of the couplant refers to 
the relative lubrication provided by the coupling agent. 12 ' 13 A 
low salt content couplant minimizes salt buildup on the sound 
head over time, thus decreasing the potential of damage to the 
crystal housed in the transducer.9 Lastly, cost of the couplant 
may be the determining factor for what is used in the 
clinic. 12 ' 13

Some coupling agents, such as topical gel, have been 
demonstrated to transmit sound energy efficiently. 1 '6' 11 ' 12 Oth 
ers, like water, are inefficient.4'5 Recently, gel pads have been 
made commercially available. These pads function as a cou 
pling agent by themselves or when used with a topical gel. 8 
The purpose of the gel pad is to provide patient comfort and

At the time of this study Brian Klucinec was an undergraduate at 
Slippery Rock University, Slippery Rock, PA 16057. Currently, Mr. 
Klucinec is a graduate student at the Krannert School of Physical 
Therapy, University of Indianapolis, 1400 East Hanna Avenue, India 
napolis, IN 46227. This article earned Mr. Klucinec recognition as first 
runner-up in the 18th Annual Student Writing Contest.

protection over bony protuberances or irregular surfaces. 8 
Because topical gel has been proven to transmit more ultra 
sound energy than glycerin, mineral oil, or water, 1 '4'5 '6 ' 11 ' 12 the 
gel pad, theoretically, should exhibit the same quality as topical 
gel. This may not be the case. The purpose of this in vitro study 
was to determine the effectiveness of a commercial gel pad in 
delivering sound energy to pig tissue.

MATERIALS AND METHODS

Instrumentation

A 1-MHz Intelect 225 P ultrasound unit (Chattanooga Corp., 
Chattanooga, TN), with a 5.0 cm2 sound head and an effective 
radiating area (ERA) of 4.0 cm2, was used to deliver acoustic 
energy at selected intensities. The unit was calibrated before 
the first trial. A detachable transducer having the same ERA 
was utilized to receive the signal sent by the 1-MHz unit by 
patching the coaxial cable into an oscilloscope via a bus net 
connector. For recording purposes, a 100 Ms/sec 450 Gould 
digital storage oscilloscope (Gould Inc., Ilford, United King 
dom) was used to record peak-to-peak values at various 
intensities. For accuracy and consistency, a two-dimensional 
level was used to fix all movable instruments.

Procedure

To perform the pilot trials and experiment, a platform 
apparatus (Fig 1) was constructed out of steel, aluminum, and 
plexiglass. The foundation consisted of a 50-lb aluminum
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Fig 1. The constructed apparatus.

block with 1/4-inch holes drilled into it at 1-inch intervals. 
Four 1/4-inch rods were fixed in these holes 7 inches apart and 
secured by nuts with washers. Two pieces of plexiglass were 
made to slide vertically along these rods creating two horizon 
tal platforms. In the center of the plexiglass platforms, holes 
were drilled to house the transducer heads. The bottom piece of 
plexiglass was fixed and housed the receiving sound head. The 
top piece of plexiglass was movable and housed the transmit 
ting transducer. The detachable sound head was fixed in a 
hand-tightened vise surrounded by foam to protect the trans 
ducer. The surface of the detachable sound head was then made 
level and flush with the bottom piece of plexiglass.

The transmitting transducer was placed in the hole drilled in 
the top piece of plexiglass allowing the ERA to be parallel to 
the ERA of the receiving sound head. The transmitting sound 
head was made parallel to the receiving sound head by viewing 
the ERA through a convex mirror and using a level. The 
transmitting sound head was then fixed to the top plate by 
creating a "harness" for the transducer neck. This harness was 
made from two pieces of thicker plexiglass. One piece was 
fixed with bolts while the other was allowed to move by slots 
to adjust for tightness. Fixation of the transmitting transducer 
created only one movable piece throughout the duration of the 
experiment.

Pilot trials were conducted to test the accuracy of the 
apparatus (Fig 2). The pilot trials were conducted with the use 
of an Aquaflex Ultrasound Gel Pad (Parker Laboratory, Or 
ange, NJ) and Liqua Sonic Ultrasound Gel (Chester Labora 
tory, Erlanger, KY). Each trial was conducted by placing 
ultrasound gel at each interface to prevent reflection of the 
acoustic energy. The transmitting transducer was then lowered 
until it reached contact with the gel pad. The movable piece, 
supported by four nuts and washers, was made parallel to the 
bottom piece using a two-dimensional level. To record the 
data, the ultrasound unit was turned on, set at 100% continu 
ous, then manually adjusted to the desired intensity. The 
peak-to-peak voltage was recorded immediately. Three pilot 
trials were completed. After each trial, the constructed appa 
ratus was disassembled, cleaned, and reassembled.

50
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5 -

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

Power (W/cm")

Fig 2. Mean voltage output of the three pilot trials at selected 
intensities.

During this project, ultrasound transmission was measured 
at six intensities with six different material combinations 
interposed between the sound head. The six materials were: 1) 
ultrasound gel, 2) gel plus a gel pad, 3) gel plus a gel pad and 
a pig tissue sample (0.90 cm of subcutaneous fat), 4) gel plus 
a gel pad and a pig tissue sample (1.8 cm of subcutaneous fat), 
5) gel plus the thin pig tissue sample, and 6) gel plus the thick 
pig tissue sample.

Pig tissue was selected because the ratio of skin, fat, muscle, 
and bone is similar to that of humans.7 The first tissue sample 
had the dimensions of 4 inches by 4.75 inches with 0.90 cm of 
subcutaneous fat. The second tissue sample had dimensions of 
4 inches by 4.50 inches with 1.8 cm of subcutaneous fat. The 
tissue was obtained fresh, then frozen, and finally thawed 
before the testing. The tissue was thawed in lukewarm water 
approximately 20 hours in advance and then allowed to warm 
to room temperature. Room temperature was recorded by a 
digital thermoprobe at 72.5° F. Because the two tissue samples 
differed in the amount of hair on the skin, one sample was 
trimmed to be visibly similar to the other sample. This was 
done knowing that the tissue with more hair would have 
attenuated more acoustic energy.2'3 Before beginning each 
trial, care was taken to cleanse the plexiglass, transducers, and 
tissue samples with tap water. This was done to free the 
instruments and tissue samples of debris that might have 
accumulated.

Three trials were conducted for each of the six interposed 
materials. Care was taken to place an adequate amount of 
ultrasound gel at each interface to prevent reflection. Care was 
also taken to eliminate any air trapped at each interface by 
firmly pressing down on the tissue and gel pad. For each 
material trial set up, the movable segment of the apparatus was 
lowered until contact was made with the tissue, gel pad, or gel. 
The segment was then made parallel to the fixed segment by
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Table 1. Trial 1 Ultrasound Interposed Materials with Peak-to-Peak Voltages Read at Specified Intensity Levels (W/cm2)

Intensities

Interposed materials

Gel
Gel + pad
Gel + pad + thin tissue
Gel + pad + thick tissue
Gel + thin tissue
Gel + thick tissue

0.10

1.66
1.16
1.16
1.16
1.00
2.16

0.25

7.33
11.50
2.66
5.50
4.50

10.00

0.50

10.20
12.30
8.33
7.33
6.00

14.80

1.00

16.00
19.70
17.70
11.70
8.66

21.70

1.50

20.20
26.30
12.20
18.50
10.30
27.00

2.50

25.30
27.30
20.00
24.50
12.70
36.80

adjusting the nuts under the movable segment and checked 
with the two-dimensional level.

Ultrasound transmission was read at six selected intensities 
during each trial. Starting at the lowest intensity, the ultrasound 
unit was turned on and manually adjusted to the desired 
intensity. The peak-to-peak voltage of the sine wave was 
recorded immediately. The ultrasound unit was then shut off 
and the intensity turned down. Each interposed material was 
tested in the same sequence of intensities. The interposed 
material was not subjected to continuous ultrasound exposure 
because increasing thermal responses reduces the impedance of 
the tissue. 10

After testing each material at each intensity, both transduc 
ers and surrounding ultrasound gel were examined for debris 
that might have interfered with the test. Between each trial, 
new ultrasound gel was placed at the interfaces to ensure an 
adequate interface.

RESULTS

Figure 2 represents the mean voltage output of pilot trials 1, 
2, and 3 at specified intensity levels. The data recorded for each 
pilot trial were similar. The repeatability of peak-to-peak 
values for each pilot trial set the foundation for the following 
trials.

Peak-to-peak voltages for each interposed material at spec 
ified intensity levels during the three trials are presented in 
Tables 1, 2, and 3, respectively. The average peak-to-peak 
voltages from the three trials are presented in Table 4. The gel 
pad proved to be an efficient couplant in transmitting acoustic 
energy (Fig 3). Using ultrasound gel as a base line (100% 
transmissivity), as much as 27% more acoustic energy was 
transmitted through the gel pad. The gel pad transmitted more 
acoustic energy at every intensity except at 0.10 W/cm2 . The 
gel pad used with the two thicknesses of subcutaneous fat gave 
comparable results (Fig 4). This finding is in agreement with a

recent report2 that ultrasound does penetrate through subcuta 
neous fat.

The trials using ultrasound gel with the thin and thick tissues 
produced perplexing results. The peak-to-peak voltages of the 
ultrasound gel and the thick tissue sample were more than 
double compared with the ultrasound gel used with the thin 
sample (Fig 5).

DISCUSSION

The gel pad was an efficient transmitter of acoustic energy. 
The gel pad interposed with the two thicknesses of tissue 
produced similar results. The tissue samples differed only in 
the thickness of subcutaneous fat.

There was a discrepancy when the gel pad was removed and 
both thicknesses of tissue were subjected to just ultrasound gel 
as the conducting medium. The ultrasound gel used with the 
thick tissue produced more than twice the voltage output 
compared with the interposed material of gel and thin tissue. 
There may be several explanations for this finding. Pressure 
variations may have been a contributor to changes in transmis 
sivity throughout the experiment. 12 In applying pressure to the 
tissue, a quantity of the ultrasound gel may have been dis 
persed, leaving only a thin film of gel. The thin layer of gel 
coupled with the thicker subcutaneous fat sample may have 
aided in the conduction of the acoustic energy, leading to 
increased transmission of acoustic energy and consequently 
increased voltage readings. However, the magnitude of differ 
ence in acoustic energy transmission between the two tissues 
plus ultrasound gel for all three trials suggests that pressure 
differences may not have been the cause. This study was 
limited to a 1-MHz ultrasound unit; other frequencies may 
yield different results. Lastly, the BNR (beam nonuniformity 
ratio) of the 1-MHz ultrasound unit was 3.5 to 4.0:1. The poor 
crystal quality may have caused the vast range in the voltage 
readings.

Table 2. Trial 2 Ultrasound Interposed Materials with Peak-to-Peak Voltages Read at Specified Intensity Levels (W/cm2)

Intensities

Interposed materials

Gel
Gel + pad
Gel + pad + thin tissue
Gel + pad + thick tissue
Gel + thin tissue
Gel + thick tissue

0.10

1.83
1.33
1.16
1.16
1.33
2.00

0.25

8.33
9.66
3.66
4.66
4.33
9.50

0.50

11.80
13.80
7.00
6.66
6.16

14.20

1.00

16.70
19.30
14.00
14.00
9.00

20.30

1.50

20.00
24.30
15.50
17.20
11.50
25.30

2.50

25.80
30.50
21.20
22.30
15.00
34.50
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Table 3. Trial 3 Ultrasound Interposed Materials with Peak-to-Peak Voltages Read at Specified Intensity Levels (W/cm2)

Intensities

Interposed materials

Gel
Gel + pad
Gel + pad + thin tissue
Gel + pad + thick tissue
Gel + thin tissue
Gel + thick tissue

0.10

2.00
1.16
1.16
1.00
1.50
1.50

0.25

9.00
10.20
4.33
5.83
5.66
9.83

0.50

12.80
12.80
6.66
8.33
8.00

13.00

1.00

18.00
21.20
13.00
12.80
12.30
19.20

1.50

22.00
26.20
16.50
13.70
14.80
22.30

2.50

28.00
32.50
21.00
25.50
17.20
34.00

Table 4. Ultrasound Interposed Materials with Average Peak-to-Peak Voltages from Trials One, Two, and Three Read at Specified 
Intensity Levels (W/cm2)

Intensities

Interposed materials

Gel
Gel + pad
Gel + pad + thin tissue
Gel + pad + thick tissue
Gel + thin tissue
Gel + thick tissue

0.10

1.83
1.38
1.16
1.12
1.28
1.89

0.25

8.22
10.45
3.55
5.33
4.83
9.78

0.50

11.60
12.97
7.33
7.44
6.72

14.00

1.00

16.90
20.10
14.90
12.83
9.99

20.40

1.50

20.73
25.60
14.73
16.47
12.20
24.87

2.50

26.37
30.10
20.73
24.10
14.97
35.00
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Fig 3. Comparison of gel and gel + pad conditions.
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Fig 4. Comparison of gel + pad + thin tissue and gel + pad + thick 
tissue conditions.

I believe that gel pads are a practical choice for clinical 
applications of ultrasound over uneven surfaces. The causes of 
differing results when ultrasound gel was used with thin and 
thick tissues are not apparent and warrant further investigation. 
Until gel pads became commercially available, the traditional 
clinic method of ultrasound application to bony areas was done 
via water bath. Forrest and Rosen4'5 have demonstrated that 
water baths are a relatively inefficient method of delivering 
high-frequency acoustic energy. Ultrasound application under 
water fails to increase the temperature of the target tissue to a 
therapeutic level. I believe gel pads are the couplant of choice

for ultrasound treatments over bony prominences. My findings 
suggest that gel pads are an efficient couplant in the delivery of 
high-frequency acoustic energy.

The reusable gel pads offer the clinician a convenient and 
reliable method for delivering ultrasound energy to the patient. 
When treating soft tissue around bony prominences, it is 
preferable to use the gel pad with ultrasound gel directly 
applied to the patient and at the sound head-gel pad interface as 
opposed to using the traditional water bath immersion method.
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Fig 5. Comparison of gel + thin tissue and gel + thick tissue 
conditions.
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Ankle and Thigh Skin Surface Temperature 
Changes With Repeated Ice Pack 
Application
Janice E. Palmer, MA, ATC; Kenneth L. Knight, PhD, ATC

Objective: Most of the research on cold applications has 
been performed on nonexercising supine subjects during a 
single cold pack application. Most athletic injuries occur during 
exercise, which increases skin temperature. Exercise before ice 
application will also increase ankle skin temperature during the 
rewarming phase. The purpose of this study was to examine 
the effects of activity on subsequent ice pack applications and 
rewarming using standard immediate care procedures.

Design and Setting: Three experimental conditions (20-, 
30-, and 40-minute ice pack applications) were applied to 12 
subjects in a repeated measures design. Subjects rode a 
bicycle ergometer for 15 minutes before ice application to the 
ankle and opposite thigh, and were active (walking with 
crutches, simulated showering and dressing) for 20 minutes 
following application. Subjects rested with the limb elevated for 
an additional 40 minutes. Ice packs were then reapplied for the 
appropriate time (20, 30, or 40 minutes) followed by 60 minutes 
of rest with the limb elevated.

Subjects: Twelve (8 males, 4 females) college-aged volun

teers. Only subjects with good-to-high fitness levels were 
accepted for this study.

Measurements: Ankle skin, thigh skin, and atmospheric 
temperatures were measured every minute using an Iso- 
thermex (Columbus Instruments, Columbus, OH).

Results: Thigh temperature changes during the first ice 
application were greater during the 30- and 40-minute condi 
tions than the 20-minute condition. Ankle and thigh tempera 
ture changes during the first ice application and rewarming, and 
for the entire trial were greater during the 40-minute condition 
than the 20- or 30-minute conditions. Throughout the first ice 
application and rewarming, and the entire trial, thigh tempera 
ture changes were greater during the 30-minute condition than 
the 20-minute condition.

Conclusions: During immediate care procedures following 
injury, ice packs should be reapplied immediately following 
showering, changing clothes, and returning home.

Key Words: ice application, cryotherapy, ankle and thigh, 
skin surface temperatures

C ryotherapy has become the most widely accepted mo 
dality for the immediate care of acute sport inju 
ries. 3 '4' 12 ' 13 '21 Ice applications reduce the magnitude of 

secondary hypoxic injury by decreasing tissue temperature. 
This decrease reduces the rate of metabolism and the need for 
oxygen,4 resulting in quicker healing, rehabilitation, and re 
covery. 15

Skin and subcutaneous tissue temperatures decrease imme 
diately with ice application. 2'5 '6' 11 Deep tissue temperature 
decreases at a slower rate than surface temperatures. 8 ' 11 ' 12 To 
maintain lowered skin temperatures, an application- 
reapplication protocol is followed, reducing the chances of 
secondary hypoxic injury. The majority of individuals disagree 
on their recommendations for time on and time off.22 Knight15 
suggested an intermittent application protocol of 30-minutes on 
and 90-minutes off for the acute stage of injury to help 
maintain a lowered tissue temperature.

Most of our knowledge of the body's response to cold 
applications is the result of research on nonexercising supine 
subjects during a single cold pack application. 19 '22'24'28 In 
nonexercising individuals, the second application of an ice 
pack lowers temperatures to a greater extent than the first and 
results in lower temperatures during rewarming.24 Most ath 
letic injuries occur during exercise, which increases skin

Janice E. Palmer has just finished physiotherapy school at the 
University of Halifax in Halifax, Nova Scotia, Canada. 
Kenneth L. Knight is now professor of physical education at Brigham 
Young University in Provo, Utah.

temperatures.9 ' 18 '25 '26 Indeed, exercise before ice pack appli 
cation will increase ankle skin temperature during the postap- 
plication or rewarming. 19

Protocols for most research in this area have required the 
subject to be supine. 19 '22 '24'28 In real life, an injured athlete will 
shower, change clothes, and return home after icing the injured 
part. It seems that this activity would increase the rate of 
rewarming, but this has not yet been examined. This study 
examined the effects of activity following ice pack application 
on tissue rewarming and the effect of the activity on subse 
quent ice pack applications and rewarming.

METHODS

The design of this experiment was a 2 X 3 factorial with 
repeated measures on both factors. Skin surface temperatures 
were measured in the ankle and opposite thigh while subjects 
underwent three conditions (20, 30, and 40 minutes of ice 
application and reapplication). On 3 separate testing days, at 
least 48 hours apart, subjects lay supine for 5 minutes, rode an 
exercise bike for 15 minutes, had ice packs applied for the 
specified time, simulated showering for 20 minutes, rested 
supine for 40 minutes, had the cold pack reapplied for the 
specified time, and rested without cold packs for 60 minutes. 
Treatment orders were established according to two balanced 
3X3 Latin squares and subjects were randomly assigned to 
these orders.

Eight males (age = 23.6 ± 1.2 yr; ht = 70.6 ± 2.0 in; wt = 
179.5 ± 29.5 Ib) and 4 females (age = 22.0 ± 0.8 yr; ht =
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64.8 ± 1.3 in; wt = 147.7 ± 17.9 Ib) participated. During an 
orientation session prior to testing, subjects gave informed 
consent and were screened for any contraindications to the 
treatments, including cold allergies and any previous heart 
conditions.

During testing, subjects were supine on a table with their 
ankles elevated 6 inches. During the preapplication period, six 
thermocouples (TX 31; Columbus Instruments, Columbus, 
OH) were taped in place with 1/2-inch X 1-inch Dermiclear 
(Johnson & Johnson, New Brunswick, NJ) so that the tip of the 
thermocouple remained exposed. The thermocouples on the 
ankle were positioned over the anterior talofibular ligament. 
The thermocouples on the anterior thigh were positioned 7 cm 
above and 7 cm below a point midway between the tibial 
tuberosity and the anterior superior iliac spine. All positions 
were marked with a felt tip pen so that the thermocouples were 
applied to the same position each day. The thermocouples were 
attached to a electronic temperature measuring device (Iso- 
thermex; Columbus Instruments, Columbus, OH) interfaced 
with a 386 computer.

Subjects performed a submaximal bicycle stress test. l From 
these results, maximal oxygen consumption (predicted maxi 
mum was VO2 = 40.8 ± 8.4 L/min for males and VO2 = 
35.5 ± 4.4 L/min for females) and fitness level were predicted. 
Subjects were classified into fitness levels using oxygen uptake 
capacity (mL/kg X minute) predicted from heart rate and 
workload. All subjects scored in the good-to-high fitness level 
range.

Temperature recording began when the thermocouples were 
attached. Ankle, thigh, and atmospheric temperatures were 
measured every minute except during the second exercise 
period. The subjects performed a 15-minute ride on a bicycle 
ergometer (Fitron; Cybex, Ronkonkoma, NY) using a target 
heart rate range of 60% to 80% of their age-predicted maxi 
mum heart rate.20

A 20-, 30-, or 40-minute ice pack application followed the 
first exercise period. One ice pack was applied to the lateral 
aspect of the ankle and another to the anterior aspect of the 
opposite thigh. In both instances, they were centered over and 
covered the thermocouples and were secured with 6-inch 
elastic wraps. The ice packs were manually compressed every 
5 minutes to minimize the thermal gradient.28

Following the first application, the ice pack and elastic wrap 
were removed for 20 minutes, during which subjects simulated 
showering and changing clothes. For 5 minutes each subject 
walked slowly on crutches using a partial weight-bearing 
four-point gait (100 m at 1.41 m/sec), followed by 5 minutes of 
balancing on one leg (while showering), then 5 minutes of 
minimal activity while standing (dressing), and finally 5 
minutes of slow crutch walking. The elastic wraps were then 
reapplied to the ankle and thigh for 40 minutes.

A second ice pack was applied 60 minutes after removing 
the first. The second ice pack application was equal in duration 
of time to the first ice application. The second ice pack was 
then removed and the elastic wrap was immediately reapplied 
for 60 minutes.

Data were analyzed using SPSS-X on a Vax computer. A 
Multivariate ANOVA was significant; therefore, one-way 
ANOVAs and Duncan's tests were used for post-hoc analysis.

RESULTS

Skin temperature decreased immediately and rapidly after 
ice application and continued to decrease gradually for the 
duration of the application (Tables 1 and 2). The temperatures 
at time = 0 were different between the ankle and thigh (F(l,l 1) 
= 32.3, p = .0005) and between the three ice pack application 
conditions (F(2,22) = 3.4, P = -05). Due to this difference, 
temperature changes (from beginning to end of time period) 
were computed and used for subsequent analysis (Table 3). 
Temperature changes during exercise were not significantly 
different between conditions (F(2,22) = 1.0, p = .38).

The thigh temperature changes during the first ice applica 
tion were greater during the 30- and 40-minute conditions than 
during the 20-minute condition (F(2,22) = 11.9, p = .0005, 
Duncan post hoc p < .05). Temperature changes were not 
different between conditions in the ankle during the first ice 
pack application (F(2,22) = 3.0, p = .07) or during the second 
ice pack application in the ankle (F(2,22) = 1.6, p = .23) or 
thigh (F(2,22) = 1.5, p = .24).

The temperature changes were not different between condi 
tions during the first rewarming of the ankle (F(2,2) = 2.8, p = 
.13) or thigh (F(2,22) = 1.2, p = .32) nor during the second 
rewarming of the ankle (F(2,22) = .7, p = .51). Thigh

Table 1 . Ankle Skin Temperature During Three Conditions of Ice 
Pack Application (n = 12, Mean ± SD, °C)

Length of Application of Cold Pack

Condition Time 20 min 30 min 40 min

Exercise

Ice application

-15 30.2 ±1.0 30.7 ±1.4 30.7 ±1.0

0 29.6 ± 1.2 30.1 ± 1.0 29.9 ± 1.6
1

10
20
30
40

18.6 ± 2.2
7.9 ± 1.9
5.9 ± 2.0

18.7 ±2.4
9.3 ± 3.5
5.5 ± 1.2
5.2 ± 1.4

19.4 ±3.0
8.7 ± 2.8
6.3 ± 1.8
5.2 ± 1.2
4.4 ± 1.2

Activity 
First rewarming

Ice application

21
30
40
50
60

1
10
20
30
40

26.4
27.4
28.2
28.9
29.2

17.1
7.2
5.3

± 1.7
± 1.8
± 1.9
± 1.9
± 1.9

±2.0
± 1.7
± 1.3

25.8
26.8
27.9
28.6
29.0

18.4
7.8
5.0
4.8

± 1.
4- "|

± 1.

± 2.
± 1.

7
9
9
,0
.9

± 3.0
±2.9
+ -|

± 1
.5
.8

24.5
24.9
25.7
26.5
26.9

16.8
7.0
4.5
3.8
3.8

± 1.
± 2.
±2,
±2,
± 2

±2
± 2
± 1
± 1

,9
,2
.2
.2
.3

.7

.4

.8

.3
± 1.3

Second rewarming 1 
10 
20 
30 
40 
50 
60

10.3 
16.3 
19.2 
20.9 
22.2 
23.3 
24.1

4- 

4-

4- 

4- 

4- 

4-

1. 
1, 
2 
2 
2 
2 
2

,0 
.8 
.4 
.5 
.6 
.8 
.8

9.4 
15.6 
18.5 
20.3 
21.7 
22.8 
23.7

± 1.5 
± 1.8 
± 2.2 
± 2.3 
±2.4 
± 2.4 
±2.4

8.3 
14.1 
16.8 
18.5 
19.9 
20.9 
21.9

± 1 
± 1 
± 1 
± 1 
± 1 
± 1 
± 1

.3 

.0 

.2 

.4 

.7 

.8 

.8
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Table 2. Thigh Skin Temperature During Three Conditions of Ice 
Pack Application (n = 12, Mean ± SD, °C)

Length of Application of Cold Pack

Condition Time

Exercise -15

Ice application 0
10
20
30
40

Activity
First rewarming 21

30
40
50
60

Ice application 1
10
20
30
40

Second rewarming 1
10
20
30
40
50
60

20

32.0

31.6
6.6
4.8

27.6
28.8
29.9
30.8
31.1

16.4
5.6
4.6

10.2
20.4
23.5
25.5
27.1
28.2
29.0

min

± 1.0

± 0.9
± 1.5
± 1.0

± 1.9
± 1.8
± 1.6
± 1.5
± 1.3

± 2.1
± 0.9
± 1.0

± 1.2
± 1.2
± 1.3
± 1.4
± 1.4
± 1.4
± 1.4

30 min

32 .1 ±

32.0 ±
7
5
4

26
27
28
29
30

17
6
5
4

9,
19,
22,
24,
25,
28.
27.

.5±

.2 ±

.2 ±

.8±

.8 ±

.7 ±

.6 ±

.2 ±

.4 ±

.6 ±

.1 ±

.6 ±

.7 ±

.6 ±

.6 ±

.4 ±

.7 ±

.8 ±

.9 ±

0.6

0
2
1
0

1
1
1
1
1

2
1
1
1

1,
1,
1,
1,
1.
1.
1.

.9

.5

.4

.9

.8

.9

.8

.7

.5

.4

.7

.4

.2

.3

.8
,7
.7
.7
,6
.5

40 min

32.1 ±

32.0 ±
6.8 ±
4.8 ±
3.8 ±
3.5 ±

26.0 ±
26.7 ±
27.7 ±
28.6 ±
29.2 ±

15.9 ±
5.2 ±
4.4 ±
3.8 ±
3.5 ±

8.9 ±
18.4 ±
21.6 ±
23.4 ±
24.7 ±
25.8 ±
26.7 ±

1 .0

0.9
2,
1,
0,
0,

2,
2,
1,
1,
1,

3,
1,
1,
1,
1,

1,
1.
1.
1.
1.
1.
1.

.0

.0

.7

.6

.4

.2

.9

.8

.6

.2

.5

.2

.2
,3

.0

.1

.3

.5

.6
,8
,8

temperature changes during the second rewarming were sig 
nificantly different (F(2,22) = 4.5, p — .02, Duncan post hoc 
p < .05), with a greater temperature change during the 
20-minute ice pack application than during 30- and 40-minute 
conditions. The temperature changes during second ice pack 
application and second rewarming were not significantly dif 
ferent between conditions in the ankle (F(2,22) = .3,p = .73), 
or thigh (F(2,22) = .4, p = .68).

Both ankle and thigh temperature changes during first ice 
pack application and rewarming were different between con 
ditions. In the ankle, the 40-minute condition was greater than 
the 20- or 30-minute conditions (F(2,22) = 12.8, p = .0005, 
Duncan post hoc p < .05). In the thigh, the 40-minute 
condition was greater than the 20- or 30-minute conditions, and 
the 30-minute condition was greater than the 20-minute con 
dition (F(2,22) = 28.9, p = .0005, Duncan post hoc p < .05).

The ankle temperature changes for the entire trial were 
greater during the 40-minute condition than during the 20- or 
30-minute conditions (F(2,22) = 6.9, p = .005, Duncan post 
hoc p < .05). The thigh temperature changes were greater 
during the 30- and 40-minute conditions than during the 
20-minute condition, and the 40-minute condition was greater 
than the 30-minute condition (F(2,22) = 19.3, p = .0005, 
Duncan post hoc p < .05).

Atmospheric temperatures were different between condi 
tions (F(2,3633) = 2.2, p = .0005) but were within an 
acceptable range (25.2°C, 25.1°C, 25.3°C).

DISCUSSION

The rapid decrease in the ankle and thigh skin temperatures 
during the first few minutes of, and the slow and steady decline 
for the duration of, the ice pack application was in agreement 
with others.5 ' 19'23 '24'28 The ankle temperature changes during 
the first rewarming were greater than those previously recorded 
by Post,24 but were within the same range at the end of the 
second rewarming. The simulated activity associated with 
showering, changing clothes, and returning home on crutches 
caused the body parts to warm more quickly than previously 
thought.

Our ankle temperatures following 30 minutes of ice appli 
cation and subsequent rewarming were 2°C to 10°C greater 
than recorded in previous studies (29.0° ± 1.9°C now vs 19.8° 
± 1.9°C to 27.5° ± 3.1°C previously). 19 '22 '24 It is possible that 
the heat of the shower may have intensified this rewarming. Ice 
reapplication protocols have not considered the effects of 
activity following ice application. A reapplication protocol of 
30 minutes on and 90 minutes off15 is suitable for supine 
individuals or an athlete once he/she has returned home, but if 
an athlete is showering or returning home, this protocol delays 
reapplication too long. Ice should be reapplied immediately 
after the athlete showers and/or returns home.

Decreases in ankle skin temperature changes were midway 
between those previously reported 19 '22 '24 '28 (Table 4). The 
reason for these differences is not apparent. Mancuso et al, 19 
whose temperatures were lower than ours, suggested that 
atmospheric temperature may have affected their skin temper 
atures. Post24 disagreed because there was not a direct rela 
tionship between limb and atmospheric temperature. The 
differences may be due to differences in the temperature- 
measuring instruments: Isothermex in this study and a telether- 
mometer (Model 44TD; Yellow Springs Instruments (YSI), 
Yellow Springs, OH) and temperature probes (YSI Model 402) 
in the previous study. Our thigh temperature changes during 
ice application were within the range as previously reported 
research from our lab using the Isothermex 14 device (Table 4).

Thigh temperature change during ice pack application is 
faster than change in the ankle or forearm, but slower than in 
the fingers. The fingers re warm at a faster rate than the forearm 
and ankle. 16' 17 Finger temperature returned to preimmersion 
temperature within 15 minutes of ice pack removal. Recovery 
periods of up to 7 hours have not been sufficient for temper 
atures to return to preapplication levels. 5 Rewarming of the 
ankle and forearm were reported to take in excess of 2 hours. 
Similar results have been reported in the lower leg.23 Calf 
temperatures following immersion in 12.5°C to 15°C water for 
30 minutes resulted in a temperature 3.6°C less than preim 
mersion after 180 minutes and about 2°C less after 6 to 7 hours.

Ankle temperature increases due to exercise before ice pack 
application were less than those found by Mancuso, 19 but 
similar to Edwards.9 Mancuso 19 reported an increase of 2.1°C 
and 2.3°C in skin temperature during 15 and 30 minutes of 
treadmill running at 60% to 80% VO2 maximum. Our subjects 
increased 0.7°C (ankle) and 0.2°C (thigh) during a 15-minute 
bicycle ride at 60% to 80% VO2 maximum. Edwards9 reported 
an increase of 1.0°C (at an atmospheric temperature of 28°C)
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Table 3. Temperature Change During Selected Time Periods at the Ankle and Thigh (°C)

Length of Application of Cold Pack

Condition 20 min 30 min

Temperature increased during time period (+); temperature decreased during time period (-).
* 40- minute greater than 20- and 30-minute conditions (p < .05).
t 40- and 30-minute greater than 20-minute condition (p < .05).
t 40- and 30-minute greater than 20-minute condition, and 40-minute greater than 30-minute condition (p < .05).
§ 30- and 40-minute less than 20-minute condition (p < .05).

Table 4. Temperature Change in Various Sites During First Ice Application (°C)

40 min

Ankle
Exercise
First ice pack application
Second ice pack application
First rewarming
Second rewarming
First ice pack application and first rewarming
Second ice pack application and second rewarming
Entire trial

Thigh
Exercise
First ice pack application
Second ice pack application
First rewarming
Second rewarming
First ice pack application and first rewarming
Second ice pack application and second rewarming
Entire trial

-.6 ± 1.5
-23.7 ± 2.6
-23.9 ± 2.5
+23.3 ± 3.0
+ 18.8 ±3.0

-.4 ± 1.7
-5.0 ± 2.1
-5.4 ± 3.0

-.4 ±1.0
-26.8 ± 1.4
-26.5 ± 1.2
+26.3 ± 1.4
+24.4 ± 1.2

-.5 ± 1.3
-2.1 ± 1.0
-2.6 ± 1.6

-.6 ± 1.1
-25.0 ± 2.1
-24.2 ± 2.2
+23.8 ± 2.8
+ 18.9 ± 2.0
-1.1 ± 1.8
-5.3 ±1.6
-6.4 ± 2.5

-.1 ± 1.0
-27.8 ± 1.4
-25.6 ± 1.5
+26.0 ± 1.3
+23.2 ± 1.6
-1.8 ± 1.4
-2.4 ± 0.9
-4.2 ± 1.3

-.8 ± 1.2
-25.5 ± 2.1
-23.2 ± 2.5
+22.5 ± 2.2
+ 18.2 ± 1.9
-3.0 ± 1.7*
-5.0 ± 1.4
-8.0 ± 2.0*

+ .1 ± 1.0
-28.5 ± 1.3f
-25.6 ± 1.9
+25.6 ± 1.5
+23.2 ± 1.3§
-2.9 ± 1.7*
-2.4 ± 1.3
-5.3 ±1. 8$

Length of Ice Application Atmospheric Temperature

Measuring Device 20 min 30 min 40 45

Ankle
Urban (28)
Mlynarczyk (22)
Mancuso (19)
Post (24)

Present Study

YSI
YSI
YSI
YSI

Isothermex

26.0
26.8

22.1
22.3
23.7

28.7
28.0
21.9
23.1
23.7
24.0

24.0
28.9 25.9

24.8
24.0

25.5 25.2

Thigh
Knight
DKZ (unpublished)
DKA (unpublished)
DKB (unpublished)
Present Study

YSI
Isothermex
Isothermex
Isothermex

23.6
26.2
25.7
26.8

24.3
26.8
26.0
27.8

24.9

26.2
28.5 25.2

in ankle skin temperature during a 30-minute bicycle ride at 
40% to 60% VO2 maximum. This difference was probably due 
to a combination of two facts: bicycle riding is an exercise 
specific to the lower extremities, while treadmill running is 
more general and requires the use of the entire body.27 Second, 
the duration of the ride was less. The increase in thigh 
temperature may have been different than the ankle because of 
better heat dissipation due to a larger surface area and 
increased vascularity of muscle.

Ankle and thigh temperature changes are greater after 
40-minute ice applications than after 20-minute ice applica 
tions. Mlynarczyk22 reported that ankle temperature changes 
were greater after a 20-minute condition than after a 45-minute 
condition. Thigh temperature following the first ice applica

tion, and both the ankle and thigh following the second ice 
application, showed a similar trend.

These data confirmed Post's24 report that ankle temperatures 
were lower in all conditions during the second cycle of ice pack 
application and rewarming. Thigh temperature changes during 
second ice pack application, however, did not demonstrate this 
trend. Temperatures were lower at the end of rewarming. 
Cooling during the second ice application did not cause the 
temperature change during the second rewarming to be lower 
than the first rewarming, which is in agreement with Post.24

Subjects complained of pain a number of times throughout the 
treatment sessions, but they experienced the most pain during the 
40-minute application. Two subjects claim to have suffered ill 
effects as a result of the treatment sessions. A week later they
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began experiencing a "pins-and-needles" sensation in the lateral 
aspect of the ankle and into the fourth and fifth toes with light 
touch. Nerve palsy is thought to be induced by cold application, 
tight elastic wraps, or a combination of the two.7 ' 10 One of the 
subjects had mentioned that the elastic wrap was very tight. She 
had participated in previous cold studies with no adverse effects. 
The possibility of a delayed effect of cold and/or elastic wraps has 
not been discussed and needs further investigation.

Repeated ice applications are a common and appropriate 
treatment for acute injuries. The critical factor appears to be the 
exercise following ice pack application. It appears that ice 
should be reapplied immediately after activity rather than being 
delayed. The body part that is to be iced determines the length 
of ice pack application. Further research is needed in the area 
of specific application protocols for specific body parts.
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Comparison of Stretching with Ice, 
Stretching with Heat, or Stretching Alone on 
Hamstring Flexibility
Gary R. Brodowicz, PhD, FACSM; Robert Welsh, MA; James Wallis, MS

Objective: To investigate the efficacy of stretching with ice 
for increasing hamstring flexibility.

Design and Setting: Supine hamstring flexibility was mea 
sured before and after subjects accomplished a 20-minute 
hamstring stretching routine. Two groups of eight subjects 
accomplished the routine using one of two modalities. A control 
group (n = 8) accomplished the routine without a modality. The 
measurements were compared.

Subjects: Twenty-four male collegiate baseball players.
Measurements: Heat or ice applied to the hamstring.
Results: We found differences in the responses among 

subject groups. Supine hamstring flexibility after stretching with

ice was greater than both stretching with heat and stretching 
alone. Scores after stretching with heat and stretching alone 
were not different.

Conclusions: The results of our investigation suggest that 
the application of ice may provide enhanced short-term im 
provements in hamstring flexibility over heat or stretching 
alone. Further research is necessary to investigate the possible 
mechanisms for these improvements and to determine whether 
similar results can be obtained with other muscle groups.

Key words: cryotherapy, stretching, flexibility

Adequate flexibility is an important characteristic of 
physical fitness. Many athletic teams devote attention 
to the development or maintenance of flexibility, 

mainly through the use of various stretching exercises. There 
continues to be debate regarding the optimal technique(s) for 
stretching and flexibility training.

Numerous researchers have attempted to determine how 
temperature influences range of motion,2'3 '4'6' 10' 11 ' 13 ' 16 ' 17 but it 
appears that there are no clear answers. The purpose of this 
study was to investigate the efficacy of cryostretching for 
increasing supine hamstring flexibility. We compared stretch 
ing with ice, stretching with heat, and stretching alone.

METHODS

Subjects

A convenience sample of 24 healthy male college baseball 
players (age = 20.7 ± 1.2 yr, ht = 73.0 ± 2.6 in, wt = 
192.1 ± 16.4 Ib) agreed to participate in the study. The 
University of Portland subcommittee on research involving 
human subjects granted approval for the study. All subjects 
gave voluntary written informed consent before participation. 
Subjects were involved in daily baseball training sessions and 
weight resistance exercise training 3 days per week. We 
verbally screened all subjects to ensure that none suffered from 
injuries or disabilities involving the hamstring muscle group.

Gary R. Brodowicz is an associate professor in the Department of 
Public Health Education at Portland State University, P.O. Box 751, 
Portland OR 97207. At the time of the study, Robert Welsh was a 
master's degree student at the University of Portland. James Wallis is 
assistant professor and head athletic trainer in the Department of 
Athletics at Portland State University, Portland, OR.

Equipment

A Leighton flexometer9 (Fig 1) was used to assess hamstring 
flexibility for the pretest and posttest. We performed pilot tests 
using 12 subjects (18 to 41 years) to compare the Leighton 
flexometer with a standard goniometer in the measurement of 
supine hamstring flexibility. The measurements made with the 
Leighton flexometer appeared to be more consistent, and the 
flexometer was easier to use than a double-arm goniometer.

We applied standard hot packs (110°F to 115°F), secured 
with an elastic wrap, to the posterior thigh in subjects who 
stretched with heat. Subjects who stretched with ice used 
bags filled with crushed ice held in place over the hamstring 
muscle group with an elastic wrap. The area covered by the 
hot packs or crushed ice was approximately 10 inches by 19 
inches and included the central portion of the hamstring 
muscle group.

Procedures

Each subject performed a supine hamstring flexibility pretest 
between 1:00 P.M. and 2:00 P.M. on the test day. We positioned 
each subject supine and securely strapped a Leighton flexom 
eter to the lateral aspect of the right mid-calf (Fig 2). To 
stabilize the pelvis and contralateral leg, the test administrator 
secured the contralateral leg at the knee and secured both hips 
at the anterior superior iliac spine. After the flexometer was 
zeroed, the athlete was asked to raise his leg as far as possible 
without bending the knee. Subjects kept the ankle in a neutral 
position (90°) in an attempt to reduce the variability caused by 
dorsiflexion and plantar flexion. The test administrator did not 
assist the subject and gave only verbal encouragement, locking 
the flexometer at the terminal position of hip flexion. Three 
trials were administered, with a 20-second rest between trials. 
We tested the subject's left leg using the same protocol. The
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Fig 1. Leighton flexometer.

average of three trials was used as the supine hamstring 
flexibility score for each leg, with the sum of the scores for the 
two legs used as the dependent variable.

We randomly assigned subjects to treatment groups. The 
group that stretched with heat (n = 8) performed a 20-minute 
stretching routine with hot packs secured to the posterior thigh 
of each leg; the group that stretched with ice (n = 8) performed 
the same stretching procedures with ice bags secured to the 
posterior thigh of each leg; the group that only stretched (n = 
8) performed the stretching routine without a modality. 
Stretching consisted of 2 single- and 2 double-leg static 
stretches (modified hurdler's stretch and sit-and-reach) held for 
3 minutes each. Total stretching time was 20 minutes.

A posttest supine hamstring flexibility test was conducted by 
the same test administrator immediately after the experimental 
treatment in the same manner as the pretest.

Statistical Analysis
Simple descriptive statistics summarized the physical 

characteristics of each subject. The dependent variable 
(supine hamstring flexibility score) was the sum of the mean 
scores for the right and left leg. To examine effects on 
supine hamstring flexibility, we used a 2-way group-by-time 
repeated measures analysis of variance (ANOVA) with 
modality (stretch with heat, stretch with ice, and stretch 
only) as the grouping factor and trial (pretest, posttest) as

Pretest and Posttest Supine Hamstring Flexibility Scores

Fig 2. Subject performing supine hamstring flexibility test.

the repeated measures factor. Tests of simple main effects 
were performed with ANOVA followed by Newman-Keuls 
multiple comparison procedure to identify different means. 
We used paired t tests to evaluate the differences between 
pretest and posttest means for each treatment group. Statis 
tical significance was accepted at p ^ .05.

RESULTS

Group means for the pretest and posttest supine hamstring 
flexibility scores are presented in the Table. ANOVA indicated 
a main effect for modality (F(2,21) = 3.77; p < .05), trial 
(F(l,21) = 63.14; p < .05), and modality by trial interaction 
(F(2,21) = 6.83;;? < .05). Tests of simple main effects (1-way 
ANOVAs performed on pretest group means and on posttest 
group means) demonstrated no difference between the pretest 
scores for the three groups (F(2,21) = 1.54; p = .24). Posttest 
means were found to be different (F(2,21) = 6.66; p < .05). 
The Newman-Keuls multiple comparison procedure revealed 
that the mean for the group that stretched with ice was greater 
than the means for both the group that stretched with heat and 
the group that only stretched. There was no difference between 
the means for the group that stretched with heat and the group 
that only stretched.

The treatment-by-trial interaction indicated that there were 
differences between the groups in their responses to the various

Group

Stretch + heat

Stretch + ice

Stretch only

Right

84.6
(7.7)

86.5
(5.6)

83.9
(8.0)

Pretest*

Left

87.4
(8.2)

90.5
(6.9)

81.5
(8.1)

Sum

172.0
(14.4)
177.0

(9.2)
165.4
(15.4)

Right

88.8
(5.7)

95.1
(8.3)

85.9
(8.7)

Posttest*

Left

90.9
(3.9)

99.8
(7.6)

86.4
(8.1)

Sum

179.6
(8.3)

194.9f
(11.6)
172.3
(16.6)

* Given in degrees and standard error of the mean.
t Greater than stretch + heat and stretch only (p < .05).

Journal of Athletic Training 325



treatments. Paired t tests showed that each group made im 
provements in supine hamstring flexibility.

DISCUSSION

Our results are contrary to those of others. 3 '5 ' 11 ' 14 ' 16 Differ 
ences in protocols, subjects, treatments, and data analysis may 
be partly responsible. A study investigating the effects of mild 
activity, heat, cold, and heat with mild activity on the range of 
motion at the wrist, elbow, ankle, and knee found that cold 
application (immersion in 10°C water for 10 minutes) was 
inferior to all other treatments, with the exception of the 
knee. 16 The investigation of different joints hampers compar 
isons with the present study.

Another study investigated the effects of static stretching, 
sauna warm-up, cold applications, and exercise warm-up on 
flexibility at the hip joint and found that ice application had no 
effect on straight leg flexion in 70 male students.5 The duration 
of cold application (2.5 minutes) may have limited any 
hypothesized beneficial effects of the treatment.

Superficial heat followed by a 1 -minute stretch and 
superficial cold followed by a 1-minute stretch were com 
pared with stretching alone using 12 males and 12 females 
aged 18 to 39 as subjects. 17 A significant increase in 
hamstring length was noted regardless of the treatment used, 
with no significant differences detected between treatments. 
This experiment was different from ours in that thermal 
treatments were followed by stretching; our subjects per 
formed stretching with heat or ice. Also, the stretching 
consisted of a single 1 -minute stretch whereas our subjects 
performed several 3-minute stretches.

Flexion, abduction, and external rotation in the right hip 
were measured in a study that compared the combination of 
heat and stretching with heat alone and stretching alone.6 Heat 
followed by stretching increased hip flexion range of motion 
immediately after and 30 minutes after the treatment, but the 
increase was not significantly greater than stretching alone. 
Heat alone did not increase range of motion at the hip joint. 
This study again differed from ours in that the stretch was 
performed after the 20-minute heat treatment and the passive 
stretch was held for only 7 seconds.

A study similar to ours found that both cryotherapy (ice) and 
thermotherapy (hydrocollators) improved immediate hip range of 
motion (measured with a goniometer) but detected no difference 
between the treatments. [ ' The methodology of our study differed 
in several respects. We chose to measure hamstring flexibility 
with a Leighton flexometer instead of a goniometer. We also 
selected as our dependent variable the sum of the flexion scores 
(mean of 3 trials) for both legs. Our study design included a 
control group (stretch only) that allowed us to investigate the 
efficacy of temperature manipulations during a stretching proto 
col. It is unknown to what extent the use of athletes as subjects 
contributed to the difference in conclusions. The primary differ 
ence in our study is that we chose to examine the combined effect 
of static stretching and temperature manipulations on range of 
motion. An important limitation of our study is that the small 
convenience sample (n = 8 per group) limited our ability to detect 
any statistically significant difference between the means of the

group that stretched with ice and the group that stretched with 
heat.

One study that investigated the effect of brief cold applica 
tion on passive hip flexion was performed on 40 college-age 
volunteers. 12 Fluori-Methane spray (Gebauer Co., Cleveland, 
OH) (6 applications of 5 seconds each) in combination with 
stretching increased passive hip flexion 8.78°, but it was 
concluded that there was no significant improvement in passive 
hip flexion. Unlike our investigation, the total duration of cold 
application was only about 30 seconds, limiting any meaning 
ful comparison to our results.

What are possible mechanisms for the cold-induced facili 
tation of flexibility in this study? A diminished proprioceptive 
feedback after stretching with ice may somehow act to increase 
range of motion. A review of several studies revealed that 
short-term cold application has little affect on proprioception. 8

Another plausible mechanism relates to the effects of cool 
ing on the stretch reflex. One study demonstrated that cooling 
a stretched muscle caused a depression of the stretch reflex.7 In 
theory, this effect could have allowed our subjects to stretch 
further during the leg flexion test. The activation of the stretch 
reflex in our subjects was minimized because of the slow, 
controlled stretch performed during the stretching protocol and 
the leg flexion test.

The beneficial effects of cold application during stretch 
ing may be related to effects on muscle spasm or pain 
sensation. 1 The use of ice and low-load prolonged stretch 
may be useful for increasing the range of motion where 
inflammation or painful factors contribute to reduced func 
tion in patient populations. 10 Our study included only 
healthy athletes who were free from any known injuries or 
disabilities to the hamstrings, so it is unlikely that leg 
flexion was limited by abnormal pain or spasm. On the other 
hand, when ice treatment is combined with static stretching, 
the athlete may find it easier to endure the mild discomfort 
commonly felt at the terminal position of the stretch. One 
study reviewed evidence suggesting that stretching com 
bined with cold application for the purpose of increasing 
range of motion should be used only in certain situations. 15 
These include 1) when it is desired to tear connective tissue, 
2) instances where intense pain warrants the use of cold- 
induced analgesia, and 3) muscle spasticity. 15 We interpret 
our results as supporting the use of ice during stretching, but 
we advise that caution be used in its practical application. 
We agree that after cooling it would be prudent to v/arm up 
properly to minimize stress-induced muscle tears. s

In conclusion, the results of this investigation suggest that 
the application of ice while stretching may provide enhanced 
short-term improvements in flexibility over heat or stretching 
alone. Further research must be performed to uncover the 
mechanism(s) involved.
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The Effects of Prophylactic Brace 
Construction Materials on the Reactive 
Responses of the MCL During Repetitive 
Impacts
Patrick E. Patterson, PhD, PE; Jay Eason, MS

Objective: The purpose of the present study was to inves 
tigate the effect of different construction materials on the ability 
of a prophylactic brace to reduce the stresses sustained by a 
surrogate medial collateral ligament (MCL) under low-energy 
repetitive impact conditions.

Design and Setting: A surrogate leg was fixed at both the 
hip and foot with the knee in full extension. A prophylactic 
brace was attached to the surrogate leg and the system struck 
by an impactor weighing either 6.68 kg or 16.9 kg.

Subjects: A single brace design (Am Pro Knee Guard) was 
used. Three different materials (nylon, aluminum, graphite) were 
used in constructing the brace uprights.

Measurements: Tension in the MCL was measured under all

conditions of brace material and impactor weight. In addition, 
the impact impulse response of the system was evaluated.

Results: The graphite and aluminum uprights showed sig 
nificant reductions in both MCL peak tension magnitude (from 
12 to 21% improvement) and in the impulse response of the 
MCL (from 36 to 47% improvement) when compared to the 
no-brace condition.

Conclusions: The present study indicates that the choice of 
brace upright material does have a significant effect on the 
transmission and absorption of low-level repetitive impact 
forces at the MCL and should be an important consideration in 
the design of better knee braces.

Key Words: knee braces, MCL protection, brace materials

The value of prophylactic bracing as a means of prevent 
ing or reducing knee injury in athletes has created 
significant controversy over the years. Studies of the 

possible protective effects for noninjured athletes have 
shown mixed results. Longitudinal studies evaluating the 
actual use of braces over the course of multiple football 
seasons have generated findings ranging from indications 
that braces effectively reduce, 8 ' 14 have no effect on,9 ' 18 or 
even increase,7 ' 15 the occurrence of injuries. Some studies 
have found a significant reduction in the total number of 
injuries occurring, but not in their severity. 16 Other studies 
did not find a reduction in the total number of injuries 
occurring, but instead found a reduction in the injury 
severity as evidenced by performing 70% fewer surgeries on 
those injuries. 17 Biomechanical testing of cadaver and 
surrogate legs has been no less mixed, with results ranging 
from the determination that the braces are effective, 5 have 
limited effectiveness, 2 '3 or are ineffective 1 ' 13 in providing 
protection to the medial collateral ligament (MCL).

No clear consensus has been reached regarding the value of 
bracing the knees of noninjured athletes. A possible explana 
tion for the wide variety of results found in the literature, 
including the anecdotal reductions, might be the magnitude of 
the typical impacts found in sport. Most impacts that occur 
during a sporting event are well below the level of severity that 
will cause permanent damage to the MCL. However, the

Patrick E. Patterson is an associate professor in the Department of 
Industrial and Manufacturing Systems Engineering and the Biomedical 
Engineering Program, Iowa State University, Ames, IA 50011. At the 
time of the study, Jay Eason was a graduate student in the Biomedical 
Engineering Program at Iowa State University.

cumulative effects of these lesser impacts could set the stage 
for future major injury. Researchers have found that many 
athletes sustaining major knee injuries had ligamentous laxity 
caused by previous knee injuries,4 indicating that chronic 
exposure to less than severe levels of impact must be consid 
ered as a possible contributing factor in sustaining catastrophic 
injuries.

To determine whether the choice of material used in the 
manufacture of the brace uprights would be a significant 
factor in reducing both the peak tension magnitude sus 
tained by, and the reactive impulse provided by, the MCL 
during repetitive low-energy impacts, we struck a surrogate 
leg protected by braces with uprights made from three 
different materials. It was anticipated that use of stiffer 
construction materials in the brace uprights would signifi 
cantly reduce both the peak tension and reactive impulse 
provided by the MCL.

METHODS

Since the objective of the present study was to test the effect 
of material stiffness on a brace's ability to protect the MCL, a 
single brace style was used to eliminate any differences due to 
brace configuration. Uprights made of three different materials 
were tested with the results compared to a control condition in 
which no brace was used.

The Test Apparatus

The supporting frame for the surrogate leg and impactor 
pendulum was constructed with the leg held in a fixed position
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by pins located through the hip and ankle (Fig 1). These pins 
were inserted into bearing sleeves isolated from framework 
vibrations by the use of rubber bushings.

The pendulum pivoted on an axle inserted into the bearing 
sleeves at the height of the hip pin and located to impact 
directly on the surrogate knee joint at the bottommost point of 
its swing. The impactor surface was a football helmet rigidly 
attached to the pendulum.

The surrogate leg bones were made from square aluminum 
tubing with a wall thickness of 0.32 cm, selected to limit 
torsional motion on impact. Aluminum was chosen because it 
has strength, stiffness, and bending characteristics similar to 
bone. 11 The leg's size and shape were based on the character 
istics of the average male: tibia and femur lengths of 35.1 cm 
and 45.7 cm, respectively, and thigh and calf circumferences of 
59.5 cm and 37.5 cm, respectively. 12 The leg's tissue was built 
up from layers of gel and foam to match the bulk and 
consistency of normal tissue.

Load Cell-

Spring Sel

Fig 1. The experimental setup. The insert provides details of the 
knee joint without the knee brace.

The pendulum impacted on the lateral surface of the knee 
causing it to open on the medial side, an action resisted by the 
surrogate MCL. The MCL was modeled by a 0.95-cm stranded 
steel cable with a working load rating of 444.5 kg, a value 
similar to that used in similar surrogate studies. 11 The proximal 
end of the cable was clamped to a bar attached to a set of six 
springs having a spring constant of 470 N/cm. These springs 
transmitted forces via a steel U-bolt and flat plate to a quartz 
load cell (Fig 1).

The brace used in this research was the Am Pro Knee Guard 
(Athletic Training Specialists, Ames, IA), a uniaxial preventive 
brace having bilateral uprights fabricated from nylon. Cuffs, 
formed from a combination of polypropylene and polyethyl 
ene, are held onto the leg by bands of neoprene with VEL- 
CRO® attachments (see Randall, Miller and Schurr14 for 
photograph). The uprights were removed and duplicated in 
both 6061-T6 aluminum and graphite fiber. The static bending 
stiffness for each of the materials was 8 N/cm for nylon, 230 
N/cm for aluminum, and 264 N/cm for graphite.

Procedure

The leg was fixed at both the hip and foot with the knee fully 
extended for all impact conditions, simulating a worst case 
knee impact situation. Brace-leg coupling was performed as 
recommended by the brace manufacturer and checked before 
each trial.

Two different loads were placed on the pendulum, repre 
senting low-impact (6.68 kg) and high-impact (16.9 kg) con 
ditions. These load values were selected based upon the results 
of a pilot study. The study determined the maximum impact 
value that the leg-brace combination could oppose without 
allowing the surrogate MCL to elongate more than 12.6%, a 
value beyond which an actual ligament would typically be 
torn.3 The high-impact condition was arbitrarily set at 75% of 
this value.

The pendulum was manually raised until it contacted a 
notched marker and then released to begin the collection loop 
of the data acquisition program. A photocell gate, fixed to the 
frame of the apparatus in the path of the pendulum, was 
connected to a Keithley A/D converter (Keithley Metra Byte 
Corporation, Taunton, MA) and constantly monitored by the 
program. Data collection was started before impact, when the 
photocell was tripped by the impactor. The impactor struck 
directly on the lateral aspect of the knee joint (Fig 1) and was 
not allowed to rebound. This sequence was repeated 100 times 
for each material.

Data Analysis

To analyze the data statistically, we performed independent 
t tests comparing the four conditions of cable (MCL) tension 
for each of the two pendulum loads. The four conditions 
represented data from the control (impacts on the leg with no 
brace), the Am Pro brace as manufactured (nylon uprights), the 
Am Pro modified with aluminum uprights (aluminum), and the 
Am Pro modified with graphite uprights (graphite). Data are
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summarized as mean ± SD, with differences considered to be 
significant at p < 0.01.

Additional comparisons evaluated the reduction in reactive 
impulse at the MCL compared to a nonbraced knee. During an 
impact the momentum of the striking object must be reduced to 
zero (dissipated) before the struck body's structures are dam 
aged. A momentum value by itself does not provide informa 
tion regarding how it changes value (from a maximum value 
to, hopefully, zero). An impulse value was used to provide this 
information. An impulse is a time history of a force as it relates 
to the change in momentum over a specific interval; that is, 
FaAt = mAv, where Fa is the average force acting during a time 
interval (At) to cause a change in momentum (mAv).

An infinite number of time and force combinations are possible 
that will change momentum to a required value. For example, 100 
N applied over a 1-second interval provides the same capability 
for reducing an object's momentum as does 50 N applied over 2 
seconds, 100 Ns. The difference between these impulses is the 
effect each has on a structure; high force over a short time interval 
indicates a quicker stop with potentially damaging effects, while 
the same impulse delivered by use of a low force over a longer 
period acts to soften the blow.

Of particular interest is the impulse that must be resisted by 
the MCL during this time interval. The impact momentum 
delivered to the knee must be reduced to a low level before the 
internal structures, such as the MCL, are loaded beyond their 
capacity. The brace-leg coupling characteristics, which affect 
how successfully the system transmits forces to the soft tissues, 
dictate the proportion of the total resistance (ie, residual needs 
provided in the form of tension and reactive impulse) that must 
be provided by the MCL to preserve structural integrity. A load 
uniformity ratio, defined as the ratio of peak tension to average 
tension, was used as an indicator of the energy absorption 
characteristics of the brace-leg combinations. A higher ratio 
indicates a sharper rise and fall of tension in the ligament due 
to high deceleration response characteristics (large Fa, small 
At) of the brace-leg combination. A plot of the force in the 
MCL over time was used to further aid interpretation of the 
impulse.

RESULTS

The impact of loads striking a surrogate knee under conditions 
of low constant velocity indicated that the material selected for 
constructing the uprights in a knee brace does make a significant 
difference in MCL protection. Since the aluminum and graphite 
configurations were much stiffer than the nylon, it was anticipated 
that they would provide greater MCL protection than either the 
control or the original configuration.

Peak Tension
Tension measurements in the MCL were taken under both 

low- and high-impact conditions. Aluminum and graphite 
uprights reduced MCL tension from 12% to 21% compared to 
the no-brace condition. All comparisons with the control were 
significant [t(198), p < .01], except for the nylon versus 
no-brace comparison in the low-impact condition. The means 
and standard deviations of the MCL tension data are shown in 
the Table.

Reactive Impulse
The time history of the tension in the MCL, as it attempted 

to reduce the residual momentum of the impactor, was also 
averaged for each brace material in the two impact conditions. 
This reactive impulse was used to compare how well each 
brace-material-leg combination dissipated the impact forces. 
Aluminum and graphite uprights reduced the reactive impulse 
of the MCL from 36% to 47% compared to the no-brace 
condition. This was in contrast to the uprights made from 
nylon. Not only were the peak and average tension greater in 
the nylon upright condition, but also the time over which the 
force was applied was greater, further increasing the impulse 
(Fig 2). Significant differences from the control were found for 
all reactive impulse comparisons [t(198), p < .01] (Table).

DISCUSSION

Our results show that upright material selection does have a 
significant effect on the transmission and absorption of low-

Comparisons of Means (Standard Deviations): Peak Tension, Impulse, Load Uniformity Ratio (LUR), and Impact Safety Factor (ISF)

Brace Material

No Brace
Low*
High

Nylon
Low
High

Aluminum
Low
High

Graphite
Low
High

Peak Tension (N)

427.4 (3.2)
1314.7(22.6)

439.4 (2.5)
1443.6(13.9)

339.6 (2.6)
1099.7(33.1)

362.1 (1.2)
1174.2(17.6)

Impulse (Ns)

51 .5 (0.68)
264.8 (0.04)

48.6 (0.48)
281 .9 (2.25)

27.7 (0.29)
170.6(4.29)

28.8 (0.08)
153.3(2.26)

LUR

3.9(0.01)
2.4 (0.02)

3.9(0.01)
2.4 (0.02)

5.6 (0.02)
2.8 (0.03)

5.6 (0.02)
3.1 (0.02)

ISF

—
—

o.n
-8.9

18.2
16.7

17.2
10.5

* Low- and high-impact conditions.
t Stated as a percentage (%). Positive values indicate an improvement over the no-brace condition.
All possible comparisons were significant (p < 0.01) except for the plastic versus no-brace comparisons in the low-impact condition.
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Fig 2. Averaged impulse shapes for each condition: (a) low impact; (b) high impact.

(b)

level, repetitive impact forces at the knee. Stiffer materials, 
which better resisted bending, provided more protection to the 
MCL in this test situation. That is, the MCL was required to 
provide a smaller proportion of the total resistance to an impact 
when protected by a brace made of stiffer materials.

We found that the graphite and aluminum brace-leg units 
provided additional protection to the MCL in the form of 
improved impact absorption. This finding could account for 
the wide variety of results found in the literature, including 
the anecdotal injury reductions seen in several studies. 8 ' 14 
Most impacts that occur during a sporting event are well 
below the level of severity needed to damage the MCL 
permanently. However, the cumulative effects of these 
lesser impacts could lead to laxity of the ligament and a 
propensity for future major injury.4 Our findings imply that 
braces may be well suited for reducing the effects of minor 
impacts such that the involved structures are less likely to 
sustain microtraumas that could, over time, result in the 
sustaining of a more severe injury.

Unexpectedly, the nylon material performed no better than 
wearing no brace at all and, in the high-impact condition, not 
only provided no reduction in peak tension from the control 
case but actually demonstrated values higher than those found 
in the no-brace condition. Similar counterintuitive results have 
been reported previously in a study of anterior cruciate 
ligament forces during bracing 1 and in a survey of injury rates.7

The impulse results indicated that the stiffer materials provided 
a greater degree of protection than either the original nylon brace 
material or no brace at all. For the low-impact condition all braces 
demonstrated a reduction in the average impulse at the MCL 
compared to the no-brace condition. Similar results were found in 
the high-impact condition, except for the original nylon material, 
which again performed more poorly than no brace at all. Interest

ingly, while the tensions seen at the MCL were greater in 
magnitude in the high-impact case, as expected, the load unifor 
mity ratio actually improved when compared to the low-impact 
case. This indicates a more uniform distribution of the forces over 
time for the high-impact condition.

We suggest that the design of the Am Pro Knee Guard, and 
prophylactic braces in general, accounted for the surprising nylon 
upright results. The brace design provided only a small space 
between the joint and the hinge (joint line clearance). In this 
situation only the most rigid of materials could prevent knee joint 
contact, even in our low-impact conditions. The resulting joint 
line contact concentrates forces on the knee that should be 
distributed along the brace to the soft tissues. This contact actually 
increases the damaging forces because a three-point bending 
effect is created by the brace-leg combination.6' 13 However, we 
noted that even during this nonoptimum joint line contact only the 
nylon material was unable to provide additional protection to the 
MCL. Since the nylon bent more easily in response to an impact, 
little transference of the impact forces to the coupled soft tissues 
could take place before the contact between the brace upright and 
the surrogate knee occurred.

This study focused on the reactive impulse needed by the MCL 
to reduce impactor momentum after the brace-leg contributions, 
by considering the time history of the impact. France, Paulos, 
Jayaraman, and Rosenberg6 assessed the impact response of a 
braced knee by testing several commercially available braces and 
defined an Impact Safety Factor (ISF), which was based on a ratio 
of the peak tensions of the braced to unbraced knee divided by 
their respective momentum values. A minimum ISF of 1.50, equal 
to a 30% reduction in MCL load, was arbitrarily proposed as a 
standard level of safety. They concluded that the tested braces 
were biomechanically inadequate. However, they felt that with 
refinements in brace material properties and mechanical design,

332 Volume 31 • Number 4 • December 1996



preventive knee bracing could be made effective in preventing 
injury. The values of ISF for the conditions of the present study 
varied from 0.9 (plastic, high impact) to 1.2 (aluminum and 
graphite, high impact, and aluminum, low impact), providing a 
maximum load reduction of only 18% at the MCL, well below the 
recommended level of 30%. However, if the impulsive nature of 
the impacts is accounted for, much greater protection is provided 
than is indicated by the ISF method (Table, Fig 2) for this range 
of impacts.

Since the combination of factors surrounding any impact 
to a knee (energy content of the blow, its location, surface 
type, angle of impact, strength, fatigue, etc) cannot be 
controlled in the real world, it is most difficult to assess 
epidemiologic and anecdotal data. The higher incidence for 
braced athletes reported in some studies7 ' 15 may be the 
result of exposures to high-energy impacts outside the 
expected range of protection provided by a brace. Future 
research will investigate brace-leg units by use of increased 
impact velocities, a variety of impact locations, a variety of 
leg volumes, and the consideration of muscle fatigue. While 
upright material rigidity provides significantly better pro 
tection to the MCL than no brace at all, additional design 
characteristics must evolve to provide both increased struc 
tural rigidity and force transference capability if protection 
from more severe acute injuries is desired. However, the 
results of the present research demonstrated a marked 
reduction in force and impulse transference to the MCL for 
both the graphite and aluminum materials during low- 
energy impacts, indicating that there exists a range of 
impact values for which a brace may provide much needed 
protection. By combining with our results information from 
studies indicating that a good brace fit does not necessarily 
provide the best force reduction characteristics, 10 it may be 
possible to design protective braces in which the brace-leg 
coupling configuration is less form fitting and less move 
ment restrictive than today's generation of braces.

Our research implies that today's braces can contribute 
much needed protection to the MCL under certain circum 
stances, provided appropriate materials are used in their con 
struction. However, more research is needed before a definitive 
assessment can be made regarding their effectiveness in a wide 
variety of circumstances.
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Effect of Closed Chain Exercise on 
Quadriceps Femoris Peak Torque and 
Functional Performance
John R. Wawrzyniak, MA, PT, ATC, CSCS;
James E. Tracy, MS, PT, ATC, CSCS; Peter V. Catizone, PT, ATC;
Rich R. Storrow, PT

Objective: To determine the effect of a 6-week leg press 
training program on quadriceps femoris peak torque and lower 
extremity functional performance.

Design and Setting: A 2 x 3 factorial design. A private 
university-based outpatient physical therapy clinic was used for 
testing. The university strength and conditioning center was 
used for training sessions.

Subjects: A volunteer sample of thirty nonathletic, college- 
age females participated. All thirty subjects completed the 
study.

Measurements: Subjects were randomly assigned to either 
a control group (Gcon) or an exercise group that performed 
isotonic unilateral leg presses through either 0 to 60° (G60) or 0 
to 90° (G90) of knee flexion. Subjects trained 3 days/wk for 6 
weeks using the DAPRE technique. Pre and post isokinetic 
testing of the quadriceps femoris at 60°/sec and hop tests for 
distance and time were measured.

Results: Both training groups showed significant pre-post 
increases (p < .05) for: concentric peak torque, eccentric peak

torque, and hop test for distance. G60 showed a significant 
decrease in hop test for time values. Significant increases (p < 
.05) in eccentric peak torque was seen between training groups 
and the control group, concentric peak torque was significantly 
greater only in G90 as compared to Gcon . No significant differ 
ences were observed between G60 and G90 for any of the 
measured variables. There were no differences between the 
three groups for any of the functional hop test measurements.

Conclusions: Unilateral leg press exercise performed 
through 0 to 90° of knee flexion increases concentric and 
eccentric peak torque while training from 0 to 60° improves 
eccentric torque. No changes in functional performance as 
measured by hop tests were seen in any groups. Transference 
between closed kinetic chain (CKC) exercise and open kinetic 
chain testing was supported, but not between CKC and func 
tional performance testing.

Key Words: closed kinetic chain exercise, leg press, func 
tional testing, isokinetic testing

The leg press is a commonly used closed kinetic chain 
(CKC) exercise included early in many rehabilitation 
programs designed to increase quadriceps femoris 

strength and simulate normal functional activity.2'7 ' 14' 18 '22 '24 
Wilk and Andrews24 recommend that leg presses be performed 
actively from 0 to 60° of knee flexion to minimize anterior 
tibial shear force following anterior cruciate ligament (ACL) 
reconstruction. Many functional sports and nonsport-related 
activities require knee flexion through a range of at least 0 to 
90°; therefore, strengthening of the knee musculature within 
this range, at the appropriate time in the rehabilitation program, 
is essential if normal function within this range is expected. To 
date, no studies have compared strength and functional

John R. Wawrzyniak is a staff physical therapist at Penn State
University, The Hershey Medical Center in Hershey, PA and was an
undergraduate physical therapy student at East Carolina University at
the time of this study.
James E. Tracy is an associate clinical professor of physical therapy at
East Carolina University in Greenville, NC.
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Maiden, MA and was an undergraduate physical therapy student at
East Carolina University at the time of this study.
Rich R. Storrow is a staff physical therapist at Rehab Services,
Lakemore, OH and was an undergraduate physical therapy student at
East Carolina University at the time of this study.

changes after a leg press training program, performed through 
specific ranges of motion (ROM).

Only a few studies7 '20'26 have attempted to compare isoki 
netic or functional changes following a CKC exercise protocol. 
The effects of lateral step-up exercise on quadriceps femoris 
strength and lower extremity performance have been investi 
gated in two recent studies. 20 '26 Results from these studies 
show no significant increases in isokinetic torque of the 
quadriceps femoris with either a 6-week progressive step-up 
program without resistance20 or a 4-week daily adjusted 
progressive resistance exercise (DAPRE) protocol. 26 Worrell 
et al26 did, however, find significant improvements in the 
following CKC functional tests: hop test for time, hop test for 
distance, leg press, and maximal step-up repetitions with body 
weight plus 25%. A study by Fowkes-Godeck7 reported that 
CKC hip sled exercise training produced isokinetic strength 
gains in the quadriceps femoris greater than or equal to gains 
by subjects who trained using open chain exercise at all speeds 
tested.

Although several studies have supported the use of CKC 
exercise in reducing anterior shear forces at the 
knee2'9 ' 10 ' 14' 17 ' 18 '21"24 '27 and patellofemoral forces,5 ' 14 ' 16 only a 

recent study by Cordova et al4 compared quantitative changes 
in isokinetic and functional testing following an isotonic leg 
press training protocol. Their results showed significant in-
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creases in both isotonic and isokinetic strength after a leg press 
training program but did not find these strength increases to 
correlate positively with increases in one-legged-jump reaction 
force. Further quantification of strength and functional perfor 
mance following leg press exercise through specific ranges of 
motion would allow athletic trainers and/or clinicians to better 
substantiate their use of CKC exercises, such as the leg press, 
and more clearly define which exercises are most effective in 
achieving a patient's specific goals.

The purpose of this study was to determine the effect of 
unilateral isotonic leg press training performed from 0 to 60° 
and 0 to 90° of knee flexion on quadriceps femoris peak 
eccentric and concentric torque as well as functional perfor 
mance in hop tests for distance and time. It was hypothesized 
that subjects in either training group would significantly 
increase quadriceps femoris eccentric and concentric peak 
torque and performance in the hop tests versus the control 
group. Furthermore, it was also hypothesized that the group 
exercising from 0 to 90° of knee flexion, because they were 
working through a ROM similar to that being tested isokineti- 
cally, would produce the greatest increases in concentric and 
eccentric peak torque.

METHODS

A 2 X 3 factorial design was used in this study with time 
(pretest/posttest) being one independent variable and training 
group (control, 0 to 60° of knee flexion and 0 to 90° of knee 
flexion) the second independent variable. The following four 
dependent variables were analyzed: 1) concentric, and 2) 
eccentric, peak torque of the quadriceps femoris muscle at 
60°/sec, 3) hop test for distance, and 4) hop test for time.

Subjects

Thirty healthy college-aged females volunteered to partici 
pate in this study (Table 1). Subjects did not engage in any 
aerobic or weight training program during the 6 months prior 
to this study and had no history of knee pathology or surgery 
in either leg. Before subjects gave informed consent, they were 
familiarized with the purpose and procedures of the study.

of external weight for each training session. A standard 
window lock and numerical scale was attached to the rail of the 
leg press. The numerical value of the window lock position that 
corresponded to the desired degree of knee flexion (either 60° 
or 90°) was recorded for each subject. A Monark cycle 
ergometer (Monark-Crescent, Varberg, Sweden) was used 
during the warm-up phase prior to each exercise and testing 
session.

Testing Procedures
One week prior to pretesting, all subjects completed an 

orthopedic medical history form followed by an orthopedic 
screening of the knee, which included ROM, strength (manual 
muscle testing), and ligamentous stability testing. Subjects 
were randomly assigned to one of three groups. Within each 
group a treatment leg was randomly chosen using a balanced 
design to assure that each group contained an equal number of 
right and left legs. This random assignment of treatment legs 
was done to better represent the random occurrence of knee 
injuries typically seen in rehabilitation, thus obtaining groups 
that represented a typical patient population.

One week prior to testing, subjects participated in an 
orientation session in which they were instructed in the correct 
techniques involved with concentric and eccentric isokinetic 
testing of the knee extensors on the Biodex at 60°/sec and 
functional hop tests for distance and time. Subjects were 
allowed to practice each test until they were comfortable with 
that test.

All subjects were tested one week before and one week after 
a 6-week training protocol using a counterbalanced design for 
the four dependent variables: 1) hop test for distance, 2) hop 
test for time, 3) concentric isokinetic testing, and 4) eccentric 
isokinetic testing. Prior to each testing and training session we 
monitored each subject in warm-up exercises that consisted of 
riding a bicycle ergometer for 5 minutes at a resistance of 2.0 
Kpds at 50 RPM (100 watts), followed by stretching the 
quadriceps femoris, hamstring, hip adductors, and gastrocne- 
mius muscle groups. Three of the investigators assumed the 
same role for all measurements of the functional and isokinetic 
testing.

Instrumentation

Concentric and eccentric peak torque of the quadriceps 
femoris muscle was measured using a Biodex dynamometer 
(Biodex Corporation, Shirley, NY). The Biodex was calibrated 
prior to each testing session according to the manufacturer's 
guidelines. 1

A standard hack squat leg press machine (Nordic Fitness 
Products, Raleigh, NC) was used, which allowed the addition

Table 1. Description of Subjects (means ± SD)

Group Age (yrs) Height (cm) Weight (kg)

Gcon(n = 10) 
G60 (n = 10) 
G9o(n - 10)

21.80 ± 2.97 
21.70 ± 2.67 
21.90 ± 2.38

163.58 ± 7.20 
167.39 ± 5.55 
167.89 ± 9.31

60.24 ± 8.96 
59.65 ± 7.65 
64.41 ± 12.34

Hop Tests
Each subject performed a maximal single-leg hop test for 

distance, which was measured by recording the distance from 
the starting position to the landing position of the heel of the 
tested leg.26 Two warm-up hops were allowed. After a 
2-minute rest period, three hops were performed, and the 
average score was recorded to the nearest millimeter.

Hop test for time measurements were made by recording the 
time it took subjects to cover a distance of 20 ft with 
consecutive single-leg hops. Each subject was instructed to 
assume a crouched position on one leg while one researcher 
stood next to the finish line with a stopwatch. Timing began 
when the subject sprang from the starting position and ended 
when the subject crossed the finish line.24 Subjects were 
allowed two submaximal warm-up hops covering the 20-ft
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distance. Following a 1-minute rest period, each subject 
performed three maximal hops. The three trials were averaged 
and recorded to the nearest 1/100 of a second.

Isokinetic Testing

Subjects were positioned on the Biodex dynamometer with 
the height and seat position adjusted to align the dynamome 
ter's axis of rotation with the anatomic axis of the knee joint. 
The shin pad was positioned 2.5 cm proximal to the medial 
malleolus. The thigh and waist restraints were adjusted until 
snug, and we instructed the subjects to position their hands on 
opposite shoulders to stabilize the trunk. Gravity was corrected 
according to the manufacturer's recommendation. 1

Isokinetic concentric and eccentric quadriceps femoris peak 
torque of the trained leg was measured at 60°/sec. Each subject 
was instructed to perform three submaximal (50%) and two 
maximal warm-up repetitions of concentric followed by eccen 
tric contractions with 3 minutes rest between the two sets of 
contractions. Following a 5 -minute rest period, each subject 
performed two separate isokinetic tests: 1) five maximal 
repetitions of concentric knee extension (using quadriceps 
femoris) from 90° of knee flexion to 10° of knee flexion and, 
2) five repetitions of maximal eccentric knee extension (using 
quadriceps femoris) from 10° of knee flexion to 90° of knee 
flexion. A 5-minute rest period was allowed between concen 
tric and eccentric contractions, and order of testing was 
assigned based on a counterbalanced design. The maximal 
concentric and eccentric peak torque occurring during the five 
repetitions was recorded for data analysis. Subjects were 
verbally encouraged during the testing sessions to induce 
maximal contractions.

Training Protocol

Subjects were randomly assigned to one of three equal 
groups: a) Gcon , which performed no exercise, b) G60, which 
performed leg press exercise from 0 to 60° of knee flexion, and 
c) G90, which performed leg press exercise from 0 to 90° of 
knee flexion. Subjects in the training groups performed unilat 
eral isotonic leg press exercise (Fig 1), three times a week for 
6 weeks. The exercise protocol used in this study was designed 
to provide maximal overload in a controlled manner to the 
quadriceps femoris muscle, using exercise equipment com 
monly found in the clinic or training room.

Each subject's knee ROM was measured during the leg press 
with a goniometer prior to the first exercise session. A window 
lock was positioned to provide a block (Fig 2) and limit knee 
flexion ROM depending on the group assignment. This value 
was recorded on each subject's data sheet to ensure reliability 
between training sessions. Each subject's foot placement on 
the weight sled platform was standardized by marking the 
platform with tape for each session with the feet in 20° of 
abduction.

Subjects were instructed in specific warm-up exercises on 
the leg press machine, which included 2 sets of 10 repeti 
tions of double-leg and 1 set of 10 repetitions of single-leg 
press exercise with 55 pounds (weight sled with no external

Fig 1. Subject positioning on the hip sled apparatus during exercise 
training sessions.

Fig 2. Knee flexion range of motion measurement for leg press 
exercise.

weight) performed through the ROM of their designated 
training group. This served to refamiliarize subjects with the 
ROM required for their particular training group. We used 
the daily adjusted progressive resistive exercise (DAPRE) 
technique, consisting of four sets of single-leg press exer 
cise. 13 This resistance program is designed to provide 
maximum overload for each training session. The DAPRE 
protocol provided adjusted working weights for each set and 
session based on the number of repetitions performed during 
the third and fourth sets, respectively. Original working 
weight for each subject was estimated from the results of a 
10-repetition maximum test performed prior to the first 
exercise session. Subjects performed 10 repetitions at half 
this working weight, followed by six repetitions at three- 
fourths working weight, a maximum number of repetitions 
at full working weight, and a fourth set at an adjusted weight 
depending on the number of repetitions the subject was able 
to perform in the third set. If subjects were able to complete 
seven repetitions or more, an adjustment to the working 
weight was made for the next training session. 13
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Statistical Analysis

A multivariate analysis of variance (MANOVA) was used to 
determine if differences exist across training condition and 
time on the linear combination of four variables using the 
Wilk's lambda criterion. This was done to determine if an 
overall significance occurred among the three groups. Univar- 
iate F-tests were performed on each separate dependent vari 
able. Following a significant omnibus test, the Tukey multiple 
comparison procedure was used to locate specific group 
differences. Significance was determined at the p < .05 level. 
Hop test for distance interclass correlation coefficient (ICC) for 
the three pretest trials for all 30 subjects was .85 with a 
standard error of measurement (se) of 5.68 cm. Hop test for 
time ICC for the three pretest trials for all subjects was .93 with 
a se of .075 seconds.6

RESULTS

Means and standard deviations for quadriceps femoris peak 
concentric and eccentric torque values and functional hop tests 
values are presented in Tables 2 and 3, respectively. Both 
training groups showed significant increases in quadriceps 
femoris peak concentric and eccentric torque and performance 
in the hop test for distance from pre- to posttesting. Hop test for 
time values significantly decreased in G60 from pre- to post- 
testing. MANOVA testing revealed significant pre- and post- 
test differences among the groups (F(8,48) = 2.83, p — .012).

Univariate analysis for each dependent variable (Table 4) 
revealed significant differences in peak concentric torque 
values (F(2,27) = 6.52, p — .005) and peak eccentric torque 
(F(2,27) = 9.90, p = .001). No significant difference among 
the three groups was seen in hop test for time values (F(2,27) 
= .712, p = .50) or hop test for distance values (F(2,27) = 
3.03, p = .065). Tukey post hoc testing demonstrated greater 
concentric peak torque and eccentric peak torque values for 
G90 compared to Gcon . The G60 group showed a significantly 
greater eccentric peak torque value as compared to Gcon . No 
significant differences were seen between the G60 and G90 
training groups for any of the dependent variables.

DISCUSSION

CKC exercises have, in the last few years, replaced open 
kinetic chain exercise as the treatment of choice for strength- 

Table 2. Quadriceps Femoris Peak Torque Values at 60°/sec 
(means ± SD)

Table 3. Functional Hop Test (Distance and Time) Value 
(means ± SD)

Pretest Posttest

G

Concentric (ft-lbs)
Eccentric (ft-lbs)

Concentric
Eccentric

90
Concentric
Eccentric

127.85
160.18

131.59
169.61

136.72
178.63

+
-t-

+
+

-t-
+

21.77
28.06

19.26
20.51

29.49
36.64

129.40
166.14

141.34
201.40

152.36
211.71

± 24.18
± 36.87

± 22.40*
± 20.07*

± 22.55*
± 29.80*

Pretest Posttest

Gcon

Hop test distance (cm) 
Hop test time (sec)

Hop test distance (cm) 
Hop test time (sec)

Ggo
Hop test distance (cm) 
Hop test time (sec)

150.39 ± 17.28 
2.33 ± 0.36

159.69 ± 15.41 
2.11 ± 0.19

159.64 ± 15.91 
2.19 ± 0.29

152.43 ± 16.94 
2.30 ± 0.38

166.15 ± 13.67* 
2.02 ± 0.19*

167.63 ± 16.84* 
2.11 ± 0.28

Significant pre-post test changes p < .005

Table 4. Between Group Differences for Dependent Variables*

Concentric peak torque
Eccentric peak torque
Hop test distance
Hop test time

Gcon

a
a
a
a

G60

a,b
b
a
a

G90

b
b
a
a

* Significant pre-post test increases p < .005

* Groups with same letter are not significantly different p < .05

ening the lower extremity following surgery.2 ' 8 '9 '21 '22'24 '27 
There are a number of advantages related to the performance of 
CKC exercise, including co-contraction of the hamstrings and 
quadriceps femoris,2 '9 '28 increased joint stability through 
greater joint congruency,2 increased tibio-femoral joint load 
ing,27 and functional lower extremity movement using eccen 
tric and concentric contractions at the hip, knee, and ankle.26 
Stresses placed on the limb are also similar to normal weight 
bearing, thus increasing proprioception and prevention of bone 
and muscle atrophy.3 The use of CKC exercise early in the 
rehabilitation program reduces patellofemoral forces,5 ' 14 ' 16 
promotes quadriceps strengthening, 14' 17 '21 '22 '24 prevents loss of 
knee flexion range of motion,22 '24 and increases proprioceptive 
input.9 ' 14 ' 16

The results of our study indicate that an aggressive 6-week 
DAPRE leg press protocol performed from 0 to 90° of knee 
flexion significantly improved isokinetic concentric and eccen 
tric peak torque, while leg press performed from 0 to 60° 
significantly improved only isokinetic eccentric peak torque. 
These results support transference of muscle strength gains 
between CKC exercise and open chain testing, but not between 
CKC and functional performance testing. These results differ 
from those reported by Worrell et al,26 who reported significant 
improvement in five functional tests after a 4-week lateral 
step-up protocol, but no significant improvement in isokinetic 
concentric knee extension peak torque. Reynolds et al20 also 
reported no significant improvement in concentric or eccentric 
knee extension peak torque at 60°/sec after a 4-week lateral 
step-up protocol and suggested that open chain assessment of 
muscle strength may not adequately assess strength changes 
incurred via CKC exercise. Fowkes-Godek7 reported signifi 
cant quadriceps strength gains following 8 weeks of hip sled 
training during open and CKC testing, but no specific func 
tional test comparisons were made.

Our methods differed from other CKC training studies in 
that both knee ROM and resistance were controlled throughout

338 Volume 31 • Number 4 • December 1996



the study. The lack of significant isokinetic strength increases 
reported by Worrell and Reynolds may be attributed to a short 
training period of only 4 weeks,26 insufficient quadriceps 
overload during the 6 weeks of training,20 variations in the 
degree of knee flexion between subjects, and failure to exercise 
through the ROM tested isokinetically. 20 '26 Kannus 11 has 
suggested that exercises should be performed through the range 
where peak torque in the quadriceps femoris occurs.

The improvements in quadriceps femoris peak torque we 
found are likely attributed to an increase in neural adaptation,25 
resulting in increased motor unit recruitment and possibly 
muscle hypertrophy. 16 We hypothesize that, as knee flexion 
increases, greater demand is placed on the quadriceps femoris 
to extend the knee during the "press" or concentric phase of the 
movement. The G90 group exercising from 0 to 90° of knee 
flexion would therefore have greater demand placed on the 
quadriceps mechanism, while the G60 group may place greater 
demand on the hip extensors to push the weight. Electromyo- 
graphic analysis 12 of the quadriceps during the leg press 
exercise indicates that peak EMG activity occurs between 93° 
and 113° of knee flexion. Although our exercise groups did not 
train past 90° of knee flexion, it is reasonable to assume that 
the G90 group would experience greater quadriceps activity as 
compared to the G60 group because they closely approached 
this range. This hypothesis is supported by our results, which 
showed a significant improvement for G90 in both quadriceps 
concentric and eccentric peak torque as compared to Gcon . The 
specificity principle 15 could also contribute to an increase in 
isokinetic peak torque values seen in the G90 group since this 
group's training closely approximated the ROM used during 
the isokinetic testing.

We believe that proper execution of leg press exercise and 
the ability to stop at a specific point in the ROM emphasize 
eccentric quadriceps contraction and proprioceptive control. 
Eccentric quadriceps peak torque in both the G60 and G90 
groups improved significantly compared to the Gcon. This is 
due to the fact that training groups will improve versus a 
control group that does no training. The finding that no 
significant differences were found between training groups for 
eccentric strength changes can be theorized to occur because 
maximal values of eccentric torque during isokinetic testing are 
usually observed early in the ROM. Both groups would have 
trained through this ROM, using eccentric control to lower the 
weight sled to the ROM stop. Because G60 performed this 
exercise through less knee flexion ROM, they were able to 
tolerate a greater working weight as compared to G90 . Al 
though the distance traveled by the weight was less, the 
increased load provided a greater mechanical advantage of the 
quadriceps musculature and less patellofemoral reaction force 
and resulted in a significant increase in quadriceps peak torque 
from pre- to posttesting.

Several authors2'9 '21 '22 '24 have described the importance of 
CKC training to more accurately simulate athletic activity and 
prepare athletes for return to sports after injury. Although, 
statistically, no significance was seen in univariate analysis of 
the functional hops between groups, the pre-post test mean 
differences in the hop test for distance followed a pattern of 
improvement similar to that found with isokinetic testing. The

G90 and G60 showed mean hop distances that were greater than 
the control group. Increased variability within subjects along 
with measurement error could have accounted for the tests' not 
being statistically significant. These results differed from 
Worrell et al,26 who demonstrated increases in both the hop test 
for distance and time after a progressive lateral step-up 
protocol. Increased proprioceptive input with lateral step-up 
exercise may have accounted for these differences.

Athletic trainers and clinicians continue to develop rehabil 
itation protocols that allow athletes to return to functional 
activities as quickly as possible. The athletic trainer needs to 
consider the effect each exercise will have on maximizing 
strength in atrophied muscles, the forces acting on joints, and 
tension created in surgically repaired structures such as the 
ACL. Earlier conservative protocols designed to protect the 
repaired or injured structures during rehabilitation often re 
sulted in significant disuse atrophy of the quadriceps femoris 
and a slow return to competitive athletics. 19 More recently, 
CKC exercises, such as the leg press and minisquats, have been 
advocated to strengthen muscles early in the rehabilitation (7 to 
14 days)2 '5 '22 of patients with lower extremity pathology. 
Several authors advocate limiting the ROM to 0 to 30°23 or 0 
to 60°24 of knee flexion to prevent strain on the ACL graft. 
Protection of the graft is obviously important early in the 
rehabilitation process of the ACL, but leg press exercise can 
also be incorporated into the rehabilitation and training of 
nonsurgical patients. At some point, even with the ACL 
patient, the athletic trainer must progress the exercise program 
to match the functional needs of the patient.

The results of our study indicate that exercising in a 
controlled ROM of either 0 to 60° or 0 to 90° of knee flexion 
provides sufficient overload to result in significant quadriceps 
femoris strength gains. The results also indicate that isotonic 
leg press training may not have a specific functional training 
effect as evidenced by the lack of significant improvements in 
functional tests after the training program.4 Additional research 
is needed to investigate the changes in functional testing 
following leg press exercise.

CONCLUSIONS

Six weeks of leg press exercise performed 3 d/wk with the 
DAPRE protocol from 0 to 90° of knee flexion significantly 
improved concentric and eccentric quadriceps femoris peak 
torque. Leg press training from 0 to 60° degrees of knee flexion 
produced an increase in a quadriceps eccentric peak torque. No 
significant differences were found between the two training 
groups for any of the measured variables. There was no 
significant difference in hop test for time or distance values 
among the three groups. These results support transference 
between CKC exercise and open chain testing, but not between 
CKC and functional performance testing. The athletic trainer 
may therefore consider larger ranges of motion to increase 
concentric versus eccentric muscle strength in a leg press 
exercise program but should not expect increases in peak 
torque to correlate with increases in functional performance. 
Clinicians could also develop protocols using specific ROMs
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of leg press depending on the specific functional needs of the 
patient.
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Reliability of Ground Reaction Forces 
During a Vertical Jump: Implications for 
Functional Strength Assessment
Mitchell L. Cordova, MA, ATC; Charles W. Armstrong, PhD

Objective: To determine the reliability of ground reaction 
force during a vertical jump.

Design and Setting: Two test sessions 48 hours apart in 
which subjects performed five maximal vertical jumps with their 
right lower extremity on a force platform without arm move 
ment. Applied Biomechanics Laboratory at the University of 
Toledo.

Subjects: Nineteen healthy males (n = 12) and females (n = 
7), with an average age of 21.3 years and 23.2 years, respec 
tively, from the University of Toledo participated in this study. 
The average height for males and females was 70.0 and 66.6 
inches, respectively. The average weight for males was 170.5 
Ibs., while the average weight for females was 132.4 Ibs.

Measurements: Reliability of the peak vertical ground reac 
tion force and vertical impulse was assessed using the formula 
for intraclass correlation coefficient (2,1) (ICC [2,1]).

Results: Measurement of peak vertical ground reaction force 
was demonstrated to be very reliable (ICC [2,1] rxx = .94; 
SEM = .003% BW), whereas the reliability estimate for vertical 
impulse was not very reliable (ICC [2,1] rxx = .22; SEM = .24% 
BW seconds). Furthermore, no significant relationship was 
found between peak vertical ground reaction force and vertical 
impulse. (BW = body weight; SEM = standard error of mea 
surement).

Conclusions: We conclude that peak force measured during 
a one-legged vertical jump is reliable and may provide an 
alternate method of evaluation of lower extremity functional 
strength.

Key Words: ground reaction forces, vertical jump, functional 
strength assessment, closed kinetic chain

A common issue in rehabilitation involves the determi 
nation of an individual's readiness for return to normal 
levels of activity. This is particularly problematic in 

dealing with athletes, since their normal level of activity may 
involve musculoskeletal stress that far exceeds that of a 
nonathletic population. Often subsequent injury occurs when 
athletes are returned to competition too early, which may result 
from inaccuracies in the assessment of their functional abili 
ties. To resolve this problem, clinicians have recently begun to 
emphasize the use of functional testing following rehabilita 
tion. 14 ' 15 '20'25 In contrast to more traditional methods of assess 
ment that focus on isolated joint testing, functional testing 
involves the evaluation of complete skills necessary for com 
plex sport activities. It is felt that such assessment may be more 
relevant to the ability of athletes to perform these skills in the 
context of their specific sport. 3 ' 14' 15 ' 17 ' 19 As such, functional 
testing may provide a better estimate of the athlete's true 
readiness for return to activity.

Much of the present research regarding lower extremity 
assessment has focused on quantifying functional agili- 
t^ 14,15,20,25 wniie iittie data exists on the topic of functional 
strength.5 ' 16 In some studies, 16'23 the expression "functional 
strength" has been associated with lower extremity strength 
training, yet it has not been clearly delineated. Although 
assessing functional strength is important following rehabilita-

Mitchell L. Cordova is a graduate assistant and doctoral student in 
biomechanics in the Department of Health Promotion and Human 
Performance at The University of Toledo.
Charles W. Armstrong is a professor in the Department of Health 
Promotion and Human Performance and director of the Applied Bio 
mechanics Laboratory at The University of Toledo.

tion, it is necessary to first develop a construct for defining 
functional strength. Conceivably, a logical definition of func 
tional strength is "the force produced by the lower extremity in 
a movement specific to sport," where most sport activities 
involve the lower extremity positioned in a closed kinetic 
chain.3 ' 17 However, both functional agility and functional 
strength assessment are important for the total rehabilitation of 
athletes when considering their return to competition.

Since many sports involve jumping movements or similar 
activities dependent on the generation of lower extremity 
power, 10' 18 the vertical jump appears to provide a useful means 
of estimating lower extremity functional strength. Vertical 
jump performance is a well-documented measure of human 
power.2 ' 11 '21 Peak force produced during a one-legged vertical 
jump correlates highly with peak power and vertical jump 
height attained.4 '6 Generation of peak force results from the net 
muscle moments created by the knee and hip extensors and 
ankle plantarflexors during propulsion. Another variable useful 
in evaluating lower extremity strength is vertical impulse. 
Vertical impulse represents the product of force and time 
during the propulsion phase of the jump. Essentially, vertical 
impulse is an accelerating force where a change in momentum 
occurs on the body. 13

Directly measuring peak vertical ground reaction force and 
vertical impulse during the propulsion phase of a one-legged 
vertical jump may provide a valid means for quantifying 
estimates of lower extremity functional strength. However, as 
with all evaluation techniques and protocols, functional testing 
is very much dependent on the reliability of the test.24 
Unfortunately, no data exist concerning the reliability of peak 
vertical ground reaction force and vertical impulse produced
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during a functional task. Since the one-legged vertical jump 
appears to be a relevant test of functional strength, and 
analyzing ground reaction forces from the test provides insight 
into lower extremity force production, assessing the reliability 
of peak vertical ground reaction force and vertical impulse 
emerges as necessary. Thus, the purposes of this investigation 
were: 1) to determine the test-retest reliability of peak vertical 
ground reaction force and vertical impulse created during a 
one-legged vertical jump; and 2) to determine the relationship 
between peak vertical ground reaction force and vertical 
impulse produced during a one-legged vertical jump.

METHODS

Nineteen healthy student volunteers participated in the 
study. Subject characteristics are presented in Table 1. The 
investigator ensured that each subject read and signed an 
informed consent form approved by the University of Toledo's 
Human Subjects Research Review Committee. Participants 
reported no previous lower extremity injury, orthopaedic ab 
normalities, vestibular problems, or vision problems. All were 
familiarized with the purpose of the study and testing proce 
dures.

One-Legged Vertical Jump Protocol

All participants performed the one-legged vertical jump 
protocol using the right lower extremity. Subjects reported to 
the laboratory on three separate occasions. The first meeting 
consisted of an orientation session in which the investigator 
instructed the subjects on the proper technique of the jump and 
the subjects performed multiple trials until they felt comfort 
able with the established jump protocol. They were then 
required to come in the next day for the first test session. At the 
beginning of the first test session subjects placed their right 
foot on the middle of the force plate, with their contralateral 
knee flexed at 90° to prevent the left foot from touching the 
force platform. They began each jump from an upright posi 
tion. The protocol allowed for countermovement, although arm 
movement during the jump was restricted by having subjects 
cross their arms against their chests.5 Arm swing used during 
the vertical jump has been shown to increase peak force 
compared to jumps performed without arm movement; 11 '21 
thus, we wanted to evaluate force production consequent to 
lower extremity strength only. We instructed the subjects not to 
go past 90° of knee flexion with the right extremity during this 
countermovement. Once the subject was set on the force 
platform, the investigator gave the command "go," which 
initiated the subject's jump. Each subject had 5 seconds to 
complete the jump. Subjects rested 1 minute between trials and 
were encouraged to jump maximally on each trial. The second

Table 1 . Description of Subject Characteristics (Mean ± SD)

Age (yr) Height (in) Weight (Ib)

Males (n = 12) 
Females (n = 7)

21.3 ±4.6 
23.2 ± 5.3

70.0 ± 2.3 
66.6 ± 4.3

170.5 ± 28.7 
132.4 ± 25.9

series of testing occurred 48 hours later under the same testing 
procedures.

Data Collection

Subjects performed one-legged vertical jumps on a force 
platform (AMTI, model OR5-1; Newton, MA). The force 
platform was interfaced through a 12-bit analog-to-digital 
converter (Data Translations Inc, model DT2,801; Marlbor- 
ough, MA) to a PC Brand 386 microcomputer. The raw force 
data were sampled at 200 Hz and digitally filtered with a 
second-order, low-pass Butterworth digital filter with the 
cut-off frequency set at 6 Hz. The program sampled the vertical 
ground reaction force data for each trial for a 5-second period. 
Customized software was used to perform an ensemble average 
of the 5 test trials for each subject from session 1 and session 
2. The average peak vertical ground reaction force and vertical 
impulse for each subject from session 1 and session 2 were 
used for analysis.

Statistical Analysis

To estimate the reliability of peak vertical ground reaction 
force and vertical impulse the intraclass correlation coefficient 
(2,1) (ICC [2,1]) as described by Shrout and Fleiss22 was used. 
The ICC (2,1) was chosen as the reliability estimate since it 
provides an estimate that includes the variability of measure 
ments taken by any investigator on any subject. 22 The ICC 
(2,1) is represented by the following equation: 22 ICC (2,1) = 
(BMS-EMS)/{BMS + (k-l)EMS + [k(JMS-EMS)/n]}, 
where BMS = between mean square, EMS = residual mean 
square, IMS = between judges mean square, k = the number 
of sets of scores, and n = the number of persons observed. 
Mean square terms were acquired using the univariate F- 
statistic within the reliability statistics using SPSS for Win 
dows v6.1 software (SPSS Inc, Chicago, IL). The standard 
error of measurement (SEM) was calculated as described by 
Gullickson. 9 It evaluates the difference between a subject's 
true score and observed score for a given test. A Pearson- 
product moment correlation was calculated between average 
peak vertical ground reaction force and average vertical im 
pulse to determine the relationship between these two kinetic 
parameters. The level of significance was set a priori at p < 
.05.

RESULTS

In Table 2 the means and standard deviations are shown, as 
well as the reliability data for peak vertical ground reaction 
force and vertical impulse for each test session. The coefficient 
of stability estimate calculated for peak vertical ground reac 
tion force was considered high (rxx = .94), whereas for vertical 
impulse, a low reliability estimate (rxx = .22) was discovered. 
No significant correlation (p > .05) was found between peak 
vertical ground reaction force and vertical impulse for test 1 
(rxy = —.21) and test 2 (rxy = —.28). These values can be seen 
in Table 3.

Journal of Athletic Training 343



Table 2. Descriptive Statistics (Mean ± SD) and Reliability 
Information for Ground Reaction Force Parameters for Test 1 
and Test 2

Variable

PVGRF (%BW)|
Min
Max

VI (%BW sec)§
Min
Max

Test 1

1 .90 ± .23
1.62
2.51
1.30 ± .50

.77
2.30

Test 2

1.92 ± .26
1.60
2.45

.91 ± .22

.10
1.16

ICC*

.94

.22

SEMf

.003

.24

* ICC, intraclass correlation coefficient.
t SEM, standard error of measurement.
$ PVGRF, peak vertical ground reaction force; BW, body weight.
§ VI, vertical impulse.

Table 3. Correlation Coefficients of Peak Vertical Ground 
Reaction Force and Vertical Impulse for Test Session 1 to Test 
Session 2

PVGRF^ PVGRFo

VI
-.21*
-.28*

-.19*
-.27

t PVGRF, peak vertical ground reaction force.
| VI, vertical impulse.
* These correlations are not significant (p > .05).

DISCUSSION

In the most applied sense, the main objective of the vertical 
jump is to achieve maximum vertical height. To obtain 
maximum vertical height, the body's center of gravity needs to 
be as high above the ground as possible, with the greatest 
vertical velocity at the instant of take-off. 6 ' 11 Sequential 
segmental rotations act to move the body's center of gravity, 
vertically, in a rectilinear path. 13 These segmental rotations 
result in external forces, or ground reaction forces, that are 
created as the jumper pushes against the ground to overcome 
inertia in accelerating the body upward. Due to Newton's 
second law, vertical displacement of the body's center of 
gravity can be influenced by manipulating the components of 
the vertical ground reaction force. Thus, evaluation of these 
components provides insight into the strategy that the individ 
ual has employed to maximize vertical jump height.

No previous literature was found reporting reliability esti 
mates for peak vertical ground reaction force and vertical 
impulse produced during a one-legged vertical jump. The high 
test-retest reliability of the peak vertical ground reaction force 
obtained in this study (rxx = .94) indicates that this measure 
ment is stable over time. These results are consistent with those 
from a similar study" involving a two-legged vertical jump in 
which the reliability of peak vertical ground reaction force was 
reported to be .97. The high coefficient of stability for peak 
vertical ground reaction force found in this study indicates that 
maximal force produced by the leg extensor and ankle plan- 
tarflexor muscles during the jump is reproducible.

Quantifying the peak force generated during the vertical 
jump has important clinical implications: it may be an accurate 
and appropriate measure of one's ability to generate lower 
extremity power. It also allows the clinician to assess an 
athlete's lower extremity strength during a functional move

ment. This is significant because it considers the muscular 
force produced by the lower extremity in a weight-bearing 
closed kinetic chain environment. Furthermore, since peak 
force produced during a one-legged jump yields consistent 
results, the relative contribution of the noninvolved limb can be 
controlled. Additionally, a significant and high relationship has 
been demonstrated between peak vertical force produced and 
jump height achieved.4'6 This suggests that peak vertical 
ground reaction force is a good indicator of lower extremity 
muscle strength and strongly predicts functional performance. 
Furthermore, peak force measured during a one-legged vertical 
jump appears to be more functional and sport-specific than 
traditional open kinetic chain testing procedures.

It may be argued that we should have measured pure vertical 
jump height from a simple jump and reach test. The problem 
with this measurement is that arm movement significantly 
increases peak force production, and, ultimately, greater jump 
height is attained during the jump. 21 As a result, arm move 
ment masks the segmental torque production created by the 
lower extremity musculature during the jump-and-reach test. 
However, if vertical jump height achieved is of interest to the 
clinician, it can be calculated more accurately, from the kinetic 
and temporal variables produced by the force-time curves, by 
analyzing the ground reaction forces.6

The relationship between impulse and momentum is quite 
interesting when considering vertical jump performance. The 
impulse-momentum relationship exists because the product of 
the applied force and time (impulse) determines the change of 
momentum an object possesses. Momentum is simply the 
product of a given mass and its velocity. 13 If a change in 
momentum is to occur, an impulse must be applied. With 
respect to the force-time curve, impulse is characterized as the 
area under the curve. This area can easily be determined by 
multiplying the magnitude of force by the duration of time 
occurring at each point throughout the curve. Because vertical 
impulse is a function of force and time, it represents the 
interaction between force generated and time during the jump.7 
A change in vertical impulse is therefore dependent on changes 
in either force or time.

Since the purpose of pushing-type activities is to cause an 
increase in the velocity of a body or object, the time in which 
the applied force is acting should be maximized. 13 In terms of 
vertical jump activity, a compromise between the development 
of maximal force and maximal time of force production needs 
to exist. Vertical jump performance can suffer if the subject 
fails to maximize leg extension acceleration or propulsion time 
in generating the impulse during the jump. Basically, providing 
more time for the force to accelerate the body during the jump 
enables more time for the applied force to create a greater 
take-off velocity. 13 Dowling and Vamos6 evaluated the impor 
tance of vertical velocity produced at take-off and its contri 
bution to vertical height attained. They found that subjects who 
acquired the greatest jump height achieved the greatest vertical 
velocity at take-off, which resulted from a greater vertical 
impulse. Knowledge of the vertical impulse in relation to peak 
force production is critical for the sports therapist in evaluating 
an athlete's functional strength because it can then be known if 
a deficit exists in either the force or time of force production.
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Although maximum force development is critical, the time in 
which the individual generates the force must be considered. 

In this study, there was poor test-retest reliability for vertical 
impulse, unlike the results reported by Harman et al. 11 As 
previously indicated, their subjects performed two-legged 
jumps, which may be associated with enhanced balance and 
motor control during the jump. This may have positively 
affected the consistency of the involved movement patterns, 
which would be reflected in the reliability scores. In the present 
study, we found measurement of peak vertical ground reaction 
force to be highly reliable. As a result, it appears that time was 
the factor being manipulated, thus leading to the poor reliabil 
ity for vertical impulse. In other words, subjects were able to 
produce consistent peak force output of the leg extensor 
musculature; however, the duration of this force changed. 
Perhaps, the poor reliability estimate found for vertical impulse 
was due to the unique neuromuscular strategies involved in 
performing a one-legged vertical jump. 8 In a simulation study 1 
evaluating the effects of muscle strengthening on vertical jump 
height, it was found that increasing muscle strength while 
ignoring control mechanisms of the jump led to a decrease in 
jump height. In considering one-legged vertical jump perfor 
mance, balance may be an important neural component to train. 
These strategies may be better explained and further explored 
with electromyography.

In examining the correlation coefficients between peak 
vertical ground reaction and vertical impulse in test 1 and 
between peak vertical ground reaction force and vertical 
impulse in test 2 (Table 3), a nonsignificant relationship was 
found. This result can be explained by the fact that the 
measurement of vertical impulse proved to be very unreliable. 
Additionally, the moderate sample size used in the study may 
have contributed to poor statistical power and thus a nonsig 
nificant relationship. Based on the magnitude of the correlation 
coefficients found between peak vertical ground reaction force 
and vertical impulse in test 1 (-.21) and between peak vertical 
ground reaction force and vertical impulse in test 2 (-.28), 
sample sizes of 92 and 47, respectively, would have yielded a 
significant relationship with the probability set at .05 for a 
two-tailed test. 12 It should be remembered that sample size 
affects not the magnitude of the relationship but rather the 
accuracy of the relationship. 12 Further research should be done 
to explore the relationship of these variables in attempting to 
evaluate lower extremity functional strength using this proto 
col.

In conclusion, measurement of peak vertical ground reaction 
force during a one-legged vertical jump is reliable and allows 
the clinician to evaluate lower extremity strength during a 
sport-specific movement. Force platform dynamometry pro 
vides an alternative and accurate way to evaluate lower 
extremity force in estimating closed kinetic chain strength. 
Additional research needs to be done using the above- 
mentioned protocol to establish the sensitivity and validity of 
measurements comparing force production in injured and 
noninjured extremities.

REFERENCES

1. Bobbert MF, Van Soest AJ. Effects of muscle strengthening on vertical 
jump height: a simulation study. Med Sci Sports Exerc. 1994:8:1012- 
1020.

2. Bosco C, Luhtanen P, Komi PV. A simple method for measurement of 
mechanical power in jumping. Eur J Appl Physiol. 1983;50:273-282.

3. Bunton EE, Pitney WA, Kane AW, Cappaert TA. The role of limb torque, 
muscle action and proprioception during closed kinetic chain rehabilitation 
of the lower extremity. J Athl Train. 1993;28:10-20.

4. Busko K. An attempt at the evaluation of the lower extremities' power 
during a vertical jump on a dynamometric platform. Biol Sport. 1988;5: 
219-225.

5. Cordova ML, Ingersoll CD, Kovaleski JE, Knight KL. A comparison of 
isokinetic and isotonic predictions of a functional task. J Athl Train. 
1995;30:319-322.

6. Dowling JJ, Vamos L. Identification of kinetic and temporal factors 
related to vertical jump performance. J Appl Biomech. 1993;9:95-110.

7. Gagnon M, Robertson GE, Norman RW. Kinetics. In: Dainty DA, Norman 
RW, eds. Standardized Biomechanical Testing in Sport. Champaign, IL: 
Human Kinetics; 1987:45-46.

8. Gauffin H, Tropp H. Altered movement and muscular-activation patterns 
during the one-legged jump in patients with an old anterior cruciate 
ligament rupture. Am J Sports Med. 1992;20:182-192.

9. Gullickson H. Theory of Mental Tests. New York, NY: John Wiley; 
1950:117.

10. Harman EA, Rosenstein MT, Frykman PN, Rosenstein RM, Kraemer WJ. 
Estimation of human power output from vertical jump. J Appl Sport Sci 
Res. 1991;3:116-120.

11. Harman EA, Rosenstein MT, Frykman PN, Rosenstein RM. The effects of 
arms and countermovement on vertical jumping. Med Sci Sports Exerc. 
1990;22:825-833.

12. Hinkle DE, Wiersma W, Jurs SG. Applied Statistics for the Behavioral 
Sciences. 3rd ed. Boston, MA: Houghton Mifflin; 1994:117-118, 625.

13. Kreighbaum E, Barthels KM. Biomechanics: A Qualitative Approach for 
Studying Human Movement. 3rd ed. New York, NY: Macmillan; 1990: 
352-358.

14. Lephart SM, Perrin DH, Fu FH, Gieck JH, McCue FC, Irrgang JJ. 
Relationship between selected physical characteristics and functional 
capacity in the anterior cruciate ligament-insufficient athlete. J Orthop 
Sports Phys Ther. 1992; 16:174-181.

15. Noyes FR, Barber SD, Mangine RE. Abnormal limb symmetry determined 
by function hop tests after anterior cruciate ligament rupture. Am J Sports 
Med. 1991;19:513-518.

16. Olson KD. Strength, Speed, and Power Gains With Isokinetic Training 
Versus Isotonic Training With the DAPRE Technique. Terre Haute, IN: 
Indiana State University; 1992. Thesis.

17. Palmitier RA, An KN, Scott SG, Chao EY. Kinetic chain exercises in knee 
rehabilitation. Sports Med. 1991;! 1:402-413.

18. Payne AH, Slater WJ, Telford T. Use of a force platform in the study of 
athletic activities. In: Martin TP, ed. Biomechanics of Sport. Brockport, 
NY: State University of New York College; 1975:185-205.

19. Prentice WE. Closed kinetic chain exercise. In: Prentice WE, ed. Reha 
bilitation Techniques in Sports Medicine. 2nd ed. St. Louis, MO: Mosby; 
1994:97-110.

20. Risberg MA, Eckland AE. Assessment of functional tests after anterior 
cruciate ligament surgery. J Orthop Sports Phys Ther. 1994;19:212-217.

21. Shetty AB, Etnyre BR. Contribution of arm movement to the force 
components of a maximal vertical jump. / Orthop Sports Phys Ther. 
1989;11:198-201.

22. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater 
reliability. Psychol Bull. 1979;86:420-428.

23. Smith MJ, Melton P. Isokinetic versus isotonic variable resistance train 
ing. Am J Sports Med. 1981;9:275-279.

24. Thomas JR, Nelson JK. Research Methods in Physical Activity. 2nd ed. 
Champaign, IL: Human Kinetics; 1990:343.

25. Worrell TW, Booher LD, Hench KM. Closed kinetic chain assessment 
following inversion ankle sprain. J Sport Rehabil. 1994;3:197-203.

Journal of Athletic Training 345



Evaluation of Sports-Related 
Temporomandibular Dysfunctions
Matthew E. Sailors, MEd, PT, ATC

Objective: To analyze the steps used in evaluation of sports- 
related temporomandibular dysfunctions and make recommen 
dations for treatment and referral based upon the evaluation 
findings.

Data Sources: This review searched Cinahl (1982 to 1995) 
and Medline (1986 to 1995). Key words searched included 
"sports related temporomandibular dysfunction," "temporo 
mandibular dysfunction," and "temporomandibular joint."

Data Synthesis: This paper provides an introduction to the 
anatomy and biomechanics of the temporomandibular joint 
(TMJ) as well as causes of temporomandibular disorders in 
athletes. An analysis of the evaluative steps used for the

temporomandibular joint is also given. Findings that suggest 
specific temporomandibular dysfunctions are discussed.

Conclusions/Recommendations: Recommendations 
about when dental consultation is most appropriate or if 
conservative treatment is indicated are included. Hopefully, this 
will provide the sports medicine practitioner with a better 
understanding of the joint and its dysfunctions, as well as 
eliminate some unnecessary and costly dental referrals for our 
athletes.

Key Words: Temporomandibular dysfunctions, sports inju 
ries, evaluation

O rganized sports activities are responsible for many 
traumatic and nontraumatic injuries. Injuries to the 
head and neck regions are relatively common, espe 

cially in those sports classified as collision or contact sports, 
such as football, rugby, wrestling, and soccer,2 where the head 
is often used as a striking object in the game. One injury that 
can occur is temporomandibular dysfunction (TMD), currently 
the most common orofacial disorder seen by health care 
workers today.7 TMDs encompass a group of pathologies 
arising from the masticatory musculoskeletal system that lead 
to preauricular pain, temporomandibular joint (TMJ) dysfunc 
tion, pain in the muscles of mastication, limitations or devia 
tions in mandibular range of motion, noises during mastication 
or mandibular function, or a combination of the 
above. 3 ' 7 -' U4 -' 6

In the past, TMDs have often mistakenly been associated 
with chronic pain patients and patients with psychological 
overlay, with counseling advocated as a main form of treat 
ment despite the presence of strong clinical evidence of 
orthopedic dysfunction and inflammation. 8 ' 10 ' 15 ' 18 This has 
been counterproductive for many TMD patients because only a 
small percentage develop chronic pain. 15 A second factor 
influencing the successful return to sport of athletes with TMD 
is that dentists are currently the primary professionals involved 
in TMD evaluation and treatment. While dentists have the most 
experience in dealing with TMDs and should serve as the 
primary referral source for these patients, some dentists may 
lack the training that the orthopedic sports medicine practitio 
ner has in musculoskeletal evaluations and treatment proce 
dures for soft tissue inflammatory conditions. 10

Considering the above information, the purposes of this 
paper are to review the anatomy and biomechanics of the 
temporomandibular region, to review the causes of TMD, and
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to provide an analysis of the common evaluation procedures 
and tests used for diagnosing TMD. Hopefully, this will benefit 
the sports medicine practitioner in evaluating TMD and in 
recognizing when dental consultation is best indicated.

ANATOMY AND BIOMECHANICS OF THE 
TEMPOROMANDIBULAR REGION

The temporomandibular complex focuses around the TMJ. 
The TMJ is a true sy no vial joint 10 ' 19 and comprises the 
mandibular condyle, an internal fibrocartilaginous disc, and the 
glenoid fossa of the temporal bone of the cranium (see Fig 
I). 10 ' 17 ' 19 -20 Movement of the TMJ is primarily dependent upon 
gravity and the muscles of mastication (temporalis, masseter, 
medial, and lateral pterygoid) 10 ' 11 ' 17 although rapid opening of 
the mouth or opening against resistance requires the use of the 
digastric, suprahyoid, infrahyoid, and mylohyoid muscles. 9 ' 17

Opening the mouth is achieved through the two combined 
motions, rolling and translation, of the mandibular condyle. 
Rolling occurs with relaxation of the muscles of mastication 
which allows the mandibular condyle to roll upon the fibro 
cartilaginous disc until midrange of opening is 
achieved. 10 ' 11 ' 19 '20 During this anterior rolling of the mandible 
there is a relative posterior rotation of the disc on the 
condyle. 10' 11 ' 19 '20 At this point, further opening is performed 
by the contraction of the lateral pterygoid muscle, which 
causes the condyle and disc to translate forward. 10' 11 '20 Con- 
dylar translation is limited to about 15 mm at maximal 
opening, with the disc translating only half of that distance. 10 
Closing the mouth is controlled by the muscles of mastication 
and reverses the mechanical actions described above. 10' 11 ' 17 ' 19

The mandibular condyle fits onto the disc and is shaped to 
allow rolling and translation to occur easily. The mandibular 
condyle' s capsular support is loose, and the chief ligamentous 
restraint is provided by the temporomandibular ligament, 
which resists lateral motion of the mandible. 19
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Fig 1. Lateral view of the mandible and cranium illustrating A) 
glenoid fossa, B) disc, C) articular tubercle, D) posterior glenoid 
spine, E) mandibular condyle, and F) lateral pterygoid muscle.

The fibrocartilaginous disc divides the joint space into upper 
and lower cavities 10' 19 and permits translation to occur. The 
disc is attached to the lateral pterygoid muscle and the posterior 
and lateral collateral ligaments and is more firmly attached to 
the mandible than it is to the cranium. With translation, the disc 
will slide with the mandible until it is blocked by the articular 
tubercle of the temporal bone. 17 '20 The disc, however, can 
become displaced in conditions of internal derange 
ment, 1 '5 ' 8 "10 ' 18 which results in altered joint mechanics and 
progressive signs and symptoms of TMD. It should be noted 
that the disc is considered the one structure in the TMJ 
region that is least adaptable to stresses placed upon it. 18 
This is because the other structures (muscles, ligaments, and 
capsule) have the capability of adaptation through hypertro 
phy, thickening, or repair to stress placed upon them. 18

In the adult population, the disc lacks nerve endings and, 
therefore, is not a source of pain. There are nerve endings in the 
retrodiscal tissues and the temporomandibular capsule, though, 
and the alteration in condylar mechanics that occurs with 
derangement of the disc leads to pressure on these structures, 
which results in pain. 8 The evaluation procedures for diagnos 
ing disc derangement will be covered later in this article.

CAUSES OF TMD

In the athletic population there are multiple causes of TMD.4 
First and foremost is trauma to the mandible itself.4'5 ' 10' 13 
Many sports, such as boxing, soccer, and rugby, do not require 
the use of headgear, and some sports that use headgear, such as 
wrestling, hockey, football, and baseball, often use headgear 
that does not adequately protect the temporomandibular region. 
In addition, some noncontact sports, such as water skiing and 
snow skiing,2 or track and field events, such as the shotput,20 
produce situations that may place the temporomandibular 
region at risk. Unfortunately, the competitive spirit in athletes

sometimes leads to a loss of composure on the playing field, 
resulting in fighting that can easily traumatize the TMJ. 22

Direct blows to the mandible can lead to anterior disloca 
tion, 17 inflammatory responses in the muscles of mastication, 10 
ligamentous laxity,9 and TMJ derangements.4 In examining a 
group of 779 patients with TMD, Bakland and Boyne4 found 
that 42% of these persons were able to associate a traumatic 
incident with the onset of symptoms and that just over 5% of 
these injuries were sports related or the result of physical blows 
to the mandible,4 suggesting that TMD is certainly a potential 
sports injury, even though trauma accounts for only a modest 
percentage of cases in the general population. 11 Fortunately, it 
has been shown that TMD resulting from trauma is no more 
difficult to treat than, and has as good a prognosis as, TMD 
resulting from other causes. 13 Treatment for traumatic condi 
tions usually consists of thermal and electrical modalities for 
inflammation and relief of the pain-spasm cycle followed by 
gentle stretching and strengthening exercises. Waide et al20 
present some excellent illustrations for TMD exercises and 
should be referred to for this portion of the treatment program.

A second predisposing factor of TMD in the sports popula 
tion is stress.4' 8 ' 10' 11 ' 13 ' 18 Competitive athletes, whether at the 
recreational, high school, collegiate, or professional level, are 
constantly under stresses to better their own performances, 
maintain starting roles, maintain eligibility, and assist team 
performances, not to mention experiencing the stresses of 
everyday life. Typically, in the athletic population, stress is a 
secondary factor in the cause of TMD.4 Usually the athlete has 
had a previous traumatic episode that he or she does not 
associate with the current TMD, which has been magnified by 
stress.4 "Coping" has been identified as a strategy for handling 
stress or dealing with injury. 18 Most successful athletes have 
developed their own methods of coping with stress, but 
counseling in stress management can be very beneficial, 
especially for younger athletes, in curing as well as preventing 
stress-related TMD.4' 18

Stress and trauma affect the temporomandibular region in a 
similar manner. Trauma causes muscle guarding due to the 
pain-spasm cycle, which increases the pull of the lateral 
pterygoid muscle on the disc, resulting in a stretching of the 
posterior and lateral collateral ligaments, 18 whereas stress 
causes overactivity of the muscles of mastication, which results 
in a clenching or gnashing of the mandible (bruxism), creating 
a similar problem. 8 ' 11 ' 13 ' 18

Another cause of TMD is structural anomaly, which may 
present in the forms of malocclusion, enlarged mandibular 
condyles, decreased joint space, or missing teeth. 8 ' 11 ' 16 ' 18 In the 
past, sports such as ice hockey have appeared to view missing 
teeth as a symbol of experience and physical play, with little 
regard for the long-term effects on mandibular function. 
Current knowledge, however, suggests that abnormal tooth 
alignment or tooth loss can lead to long-term changes in 
mandibular function and mechanics that may predispose the 
athlete to TMD.4 The use of a simple mouthguard will 
minimize tooth loss in sports and thereby serve to decrease the 
number of TMDs seen in athletes.4' 12
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EVALUATION AND DIAGNOSIS OF PROBLEMS IN 
THE TEMPOROMANDIBULAR REGION

The TMJ, being a synovial joint, should be evaluated along 
the same lines as other synovial joints. This should include a 
thorough history, postural inspection, palpation, range of mo 
tion, muscle testing, and referral for special testing as indicat- 
ecj 3,7,10,11,14-16 j n acidition, the TMJ region often requires
mediate auscultation (use of a stethoscope to listen for TMJ 
noise during motion) in determining joint noises.7 ' 11 ' 16 In cases 
of severe trauma, if a fracture is suspected, or if the teeth are 
damaged, immediate referral should always be made regardless 
of the presence of a TMD.

As with all joint evaluations, the first step in evaluating the 
TMJ is a thorough history. Questions asked in the history are 
the same as those used in standard orthopedic exams (ie, chief 
complaint, mechanism of injury, date of onset, past medical 
history, what increases and decreases symptoms, pain ranking 
and intensity, etc). In addition, the athlete should be questioned 
about recent and past dental history since dental procedures can 
lead to development of TMD due to the prolonged, exagger 
ated opening of the mouth. 10 ' 14 "" 16

If the history leads to suspicion of a TMD, there are several 
common signs and symptoms that a TMD will manifest. Most 
patients will complain of a jaw ache, earache, and/or headache 
with possible dizziness. 3 '5 ' 10' 14 " 16 Other signs and symptoms 
include facial pain, decreased mandibular range of motion, and 
crepitus, clicking, popping, or grating in the TMJ with man 
dibular movements. 3 '5 ''°' I4~ 16 In some cases of internal disc 
derangement, the mandible may actually become locked or 
stuck at a fixed position or have an excessive loss of mo 
tion. 5 ' 10'21 It should be noted that complaints of temporoman- 
dibular joint noise by themselves are not considered pathog- 
nomic for TMD,7'" since it has been estimated that as much as 
44% of the general population has some clicking or noise in the 
TMJ region. 1 ' 16

The next step in the evaluation is to examine general facial 
appearance and posture. This involves assessment of several 
regions. 10 Facial symmetry should be quickly examined visu 
ally. Hypertrophy of the masseter muscle, which is commonly 
seen in those individuals participating in heavy weight-training 
programs, should be assessed. The masseter is easily seen by 
having the athlete clench the jaw closed very tightly.6 There 
should be equal size bilaterally.

Postural assessment for forward head and rounded shoulders 
is performed by having the athlete stand next to a plumb line. 
Using a lateral view, the external auditory meatus should line 
up with the lateral tip of the acromion, and the acromion should 
line up with the greater trochanter of the femur (see Fig 2). A 
common mistake in assessing forward head posture is to 
simply line the ear up to the acromion. If the shoulders are 
rounded forward due to pectoralis muscle tightness, this will 
result in a false-negative finding. Other problems to be aware 
of are scoliosis and cervical torticollis, which affect the 
length-tension relationships of the muscles attaching to both 
sides of the mandible, thereby creating an uneven pull to one 
side. 10 The final step in the visual postural assessment is 
examination of teeth occlusion. If the teeth are maloccluded, or

Fig 2. Plumb line assessment of posture from the lateral view.

lined up improperly, this will lead to internal disc derangement 
and requires appropriate dental referral for reshaping or grind 
ing of the teeth or the use of a dental appliance for correction. 10

Palpation of the TMJ region is quick and simple to perform; 
however, the examiner should wear examination gloves for 
most of this procedure. The external skin surface and superfi 
cial muscles of mastication can be palpated with the bare hand 
for increase in temperature and muscle tone. Palpation of the 
masseter muscle uses the same technique described above. The 
athlete clenches the jaw to assist in locating the muscle bellies, 
and these are palpated during both contraction and relaxation. 
The temporalis muscle should be palpated over its origin and 
muscle belly, from just above the eye to above the zygomatic 
arch, back to the posterior auricular area. 10' 17 As before, if the 
athlete clenches the jaw during palpation, the muscle is very 
easy to locate. These muscles should not normally be painful to 
palpate so pain is considered a positive finding for TMD. 9' 15 
Other muscle groups to palpate are the hyoid muscles and the 
sternocleidomastoid muscles, since these are occasionally 
painful with dysfunctions of the temporomandibular region.

The lateral aspect of the temporomandibular joint space is 
palpated just anterior to the ear, and the chief findings of 
inflammation or trauma to the joint are swelling, increased 
temperature, or pain with palpation. To perform this, have the 
athlete open and close the mouth several times while palpating
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bilaterally. The mandibular condyles on both sides should 
move smoothly and equally. If the examiner feels one side 
rotate before the other or shift laterally while the mandible is 
moving, this may indicate a TMD. Next, while wearing 
examination gloves, the posterior aspect of the TMJ capsule 
can be palpated. Standing in front of the athlete with the little 
fingers inside the athlete's ears, the examiner presses very 
gently anteriorally (see Fig 3). The examiner has the athlete 
open and close the mouth several times, assessing for pain and 
palpating for equal motion bilaterally. Pain upon closing is 
indicative of posterior capsulitis and usually requires a dental 
referral since this condition is often caused by a mandibular 
condyle positioned too far posteriorally. Occlusal treatment, 
such as grinding or reshaping of the teeth, may be necessary to 
reposition the condyle more anteriorally. 10

Range-of-motion testing involves a visual component and a 
goniometric component. TMJ motion allows three planes or 
directions of motion that should be examined: opening and 
closing, lateral excursion, and mandibular protrusion. Opening of 
the mouth varies in degree of motion available based on the 
physical size of the individual being evaluated; therefore, a 
general guideline to use for mandibular opening is to see if the 
athlete can place two knuckles or fingers in the open mouth (see 
Fig 4). If the athlete cannot place two knuckles in the mouth, this 
is a positive finding for hypomobility.5 ' 10'20 If the athlete can place 
three or more knuckles in the mouth, this is a positive finding for 
hypermobility.5 ' 10'20 Opening can also be measured by marking 
on a tongue depressor the distance between the maxillary and 
mandibular teeth and then measuring that distance in millimeters 
if a more objective measurement is desired.

Opening and closing of the mouth during its range of motion 
should be examined very carefully visually. Often, lateral 
deviations will occur during opening and closing in TMD 
patients, which can indicate some specific disorders. 10 For 
example, with opening, a deviation occurring early in the 
motion opposite the side of involvement is usually caused by 
muscle spasms. However, a deviation at midrange of motion 
will be due to a muscle imbalance. Finally, a deviation to the 
involved side at the end range of opening is most often due to 
posterior capsulitis.9 The athletic trainer is well prepared to

Fig 3. Palpation of the posterior temporomandibular joint space.

Fig 4. General mobility testing of mandibular opening with two 
fingers at the proximal interphalangeal joints.

treat these conditions. However, if the athletic trainer is unsure 
of the diagnosis, a dental referral should be made.

Lateral excursion of the mandible involves a bilateral 
comparison of the motion and again compares the maxillary 
and mandibular teeth as landmarks. A side-to-side difference 
and/or pain with the motion are positive findings for a TMD. 10

Protrusion, or jutting of the jaw forward, again uses the teeth 
as landmarks, and an objective measurement in millimeters 
should be taken. As stated earlier, due to size differences, there 
are no reliable norms across age and sex groups established for 
TMJ motions as there are for the knee or shoulder, for example. 
Therefore, the measurements are used only for later compari 
son to see if progress is being made with treatment. As a 
guideline, though, normal opening has been described as 40 to 
60 mm,5 ' 19 lateral excursion at 7 to 12 mm,5 ' 19 and protrusion 
at 6 to 9 mm. 19

Manual muscle testing of the TMJ region is confined to 
testing resisted opening and resisted closing6' 10 as lateral 
deviation and protrusion are tested with active motion during 
the range of motion evaluation. To perform the muscle test for 
the masticatory muscles, have the athlete open the mouth 1 to 
2 cm; apply a stabilizing hand to the forehead and a resistance 
force to the chin as the athlete attempts to close the mouth. To 
resist opening of the mouth, have the athlete open the mouth 1
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to 2 centimeters, apply a stabilizing force to the occiput, and 
apply a resistance force under the chin as the athlete attempts 
opening. Pain and/or weakness with the tests are positive 
findings for TMD.'° As with all muscle tests, a gradual onset 
of force should be used so the athlete can resist the motion 
appropriately.6 ' 10

The final step in the clinical evaluation for TMD involves 
mediate auscultation. 7 ' 9 This is most beneficial in assessing the 
presence of osteoarthritis of the TMJ, which will present with 
grinding or crepitus at the end range of motion 10 and can also 
aid in diagnosing internal disc derangements. Disc derange 
ments are divided into two categories: reducing derangements 
and nonreducing derangements. 1 '5 '8 ' 10'21 A reducing derange 
ment is often referred to as a reciprocal click, where the athlete 
will have a click at 15 to 20 mm opening the mouth and then 
a second click at 10 to 15 mm of closing of the mouth. 8 ' 10 This 
is due to an anteriorally displaced disc, and the later in opening 
that the click occurs, the more anterior the disc is. 10 A 
nonreducing disc derangement is similar to a serious meniscal 
tear in the knee. The disc will get in the way of the mandibular 
condyle and prevent normal translation from occurring. This 
results in mandibular opening being limited to 15 to 20 mm of 
motion. A lateral deviation to the affected side will occur with 
opening, and there will be a decrease in lateral excursion 
toward the affected side. 5 '8 ' 10'21 Any athlete with a suspected 
disc derangement should be referred to the dentist for further 
evaluation.

The technique for auscultation of the TMJ is very simple. 
Place a stethoscope over the lateral aspect of the joint and ask 
the athlete to open and close the mouth several times; listen for 
joint noise. As stated previously, if the only positive finding to 
this point is joint noise, then a TMD has not been con 
firmed.7 ' 11 Joint noise should serve only as a confirmation of 
TMD after the examiner has discovered range-of-motion loss 
and pain with palpation, since these two tests have been shown 
to be 95% sensitive in diagnosing TMD when used together. 14

Imaging techniques, such as radiographs, computerized 
tomography scans, and magnetic resonance imaging, are com 
monly used by dentists and physicians to view the TMJ region. 
Radiographs are taken in a panoramic view and in open- and 
closed-mouth positions."' 15 ' 16 '20 Radiographs are indicated if 
osteoarthritis is suspected but are not very beneficial in 
diagnosing disc derangements.9 ' 16 CT scans and MRI are 
considered the most accurate imaging methods for TMD, 16 but, 
unfortunately, these methods are more costly, time consuming, 
and not readily available to most sports medicine facilities. It 
should also be noted that in the case of mandibular condyle 
malpositioning as the cause of TMD, all imaging methods are 
viewed with skepticism since it has been shown that condylar 
positioning is highly variable in both symptomatic and asymp 
tomatic subjects and, therefore, should not be used as a sole 
diagnostic criterion for TMD. 16

CONCLUSION

With the training that sports medicine practitioners have in 
evaluation and treatment of inflammation, muscle imbalance, 
and postural problems, the athletic trainer should play an

integral part in the management of sports-related TMD. How 
ever, if unsure of the athlete's diagnosis or if faced with 
conditions such as fractures, dislocations, internal disc de 
rangements, or malocclusion, appropriate dental or team phy 
sician referral should be made.
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Avulsion of the Inferior Canaliculus in a 
Collegiate Wrestler: A Case Study
Kenneth L. Cameron, MA, ATC, CSCS; Robert D. Kersey, PhD, ATC, CSCS; 
Jack Ransone, PhD, ATC

Objective: The purpose of this case study is to aid sports 
health care personnel in understanding the accurate identifica 
tion and treatment of traumatic sports injuries involving struc 
tures of the lacrimal system.

Background: A 21-year-old, 118-pound wrestler sustained 
an avulsion of the inferior canaliculus of the right eye during a 
match. The injury resulted when the athlete was struck on the 
right cheek by the opponent's head, producing an inferior and 
lateral force. Following the initial control of hemorrhage, the 
athlete was permitted to complete the match. Upon initial 
evaluation, it was determined that the medial aspect of the 
lower right lid had been avulsed. The injury was approximately 
1 cm in length. The athlete completed the match before being 
referred to the hospital for further evaluation.

Differential Diagnosis: Avulsion of the medial one-sixth of 
the lower right eyelid, involving damage to the inferior canalic 
ulus and complete avulsion of the inferior medial canthal 
tendon.

Treatment: Surgical intervention was indicated in order to 
restore the lacrimal drainage system and to ensure patency of 
the inferior canaliculus. A bicanalicular silicon intubation pro

cedure was utilized by the physician. Initial postoperative 
treatment included the application of topical antibiotics for 
seven days. The athlete was permitted to return to full partici 
pation within 1 week with the use of a wrestling face mask. The 
superficial sutures were removed 14 days following surgery and 
at that time the athlete was cleared for unrestricted activity. The 
silicon-reinforced medial canthal tendon suture was removed 6 
weeks following surgical repair. The bicanalicular silicon stent 
was removed 6 months following initial injury and surgical 
intervention. No complications were noted throughout the 
6-month postoperative stage or at the time of a follow-up 
interview 2 years postinjury.

Uniqueness: This is a relatively uncommon injury to encoun 
ter in athletics and one that has not been well addressed in the 
existing sports medicine literature.

Conclusions: When injury to the medial aspect of the eye 
occurs, recognition of the potential for lacrimal system involve 
ment is essential. Therefore, the athletic trainer should be 
familiar with the anatomy of the lacrimal system and the 
potential for such injuries.

Key Words: lacrimal system, canthal tendon, laceration

T he extreme nature of athletics may lead to a variety of 
facial injuries. Some areas of the face are more suscep 
tible to injury than others. 13 Injury to the medial canthal 

area of the eye is relatively uncommon.7 This area is protected 
by the nose and the superior orbital rim. However, when such 
an injury occurs, it may involve the severing of the canaliculi. 
It is critical that canalicular lacerations are correctly evaluated 
and repaired. Failure to recognize lacerations of the medial 
eyelid, with involvement to the lacrimal drainage system, may 
result in a disruption of this system. Complications from a 
nonfunctional lacrimal system include epiphora, excessive 
discharge, irritation, and the possibility for infection.7

FUNCTIONAL ANATOMY OF THE LACRIMAL 
SYSTEM

Knowledge of the functional anatomy of the lacrimal system 
is essential for the successful evaluation and treatment of 
injuries to this complex. The main function of the lacrimal 
apparatus is the secretion and drainage of tear fluid. 12 The 
secretion of tear fluid is important for the lubrication of the eye 
and also acts to provide the basic refractive mechanism of the

Kenneth L. Cameron is an athletic trainer in the Department of 
Physical Education at the United States Military Academy, West Point, 
NY. Robert D. Kersey and Jack Ransone are associate professors in 
the Department of Human Performance at San Jose State University, 
San Jose, CA.

eye. Ineffective function of the tearing mechanism may result 
in global cracking, infection, or impaired optical capacity of 
the eye. The major components that make up the lacrimal 
system can be seen in Figure 1 . 4

The lacrimal gland is located superior and immediately 
lateral to the orbit and is responsible for the secretion of tear 
fluid. Tear fluid is made up of water, mucus, and oil. 12 As one 
blinks, a layer of tear fluid is spread over the globe of the eye. 
This layer of tear fluid can last up to 30 seconds before it starts 
to lose its integrity and dissipate. As the orbit dries, the fifth 
cranial nerve triggers a blink reflex, which redistributes a new 
layer of tear fluid and eliminates any superfluous fluid.4 
Excessive tear fluid enters the lacrimal drainage system 
through the superior and inferior punctum. These tiny holes (1 
mm in diameter) are located in the medial border of the upper 
and lower eyelid, approximately 6 mm from the medial 
canthus. 12 Upon entering the punctum, tear fluid flows through 
the superior and inferior canaliculi, which are approximately 8 
to 10 mm in length, until the two canaliculi meet at the 
common canaliculus.

Rosenmiiller's valve, located immediately lateral to the 
lacrimal sac, prevents the reflux of tear fluid from the lacrimal 
sac back into the canaliculi. 12 Medial to Rosenmiiller's valve, 
the lacrimal sac is responsible for collection of tear fluid and 
aiding in lacrimal pump function. When tear fluid is collected 
in the lacrimal sac, it is emptied through the nasolacrimal duct 
and into the nose. The lacrimal pump is the mechanism by
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Fig 1. Left eye and lacrimal apparatus4 (published courtesy of 
Williams & Wilkins).

which tear fluid is removed from the eye. Fluid accumulates in 
the medial aspect of the eye, known as the lacrimal lake, due 
to the pooling of tear fluid. According to Wolff, 12 when the eye 
closes, the lacrimal sac expands, causing suction throughout 
the canaliculi. This suction draws tear fluid in through the 
punctum, from the lacrimal lake. When the eye opens, the 
lacrimal sac collapses, forcing tear fluid out through the 
nasolacrimal duct and into the nose. 12

The medial canthal tendon may be damaged when the 
medial portion of the upper or lower eyelid is injured. 10 The 
medial canthal tendon (Fig 2)4 is composed of both a superior 
and an inferior portion. The function of the medial canthal 
tendon is to support the eyelid and to maintain the proper 
position of the punctum in the lacrimal lake. Therefore, when 
torn, the medial canthal tendon must be repaired to restore 
proper punctal positioning for normal tear drainage. 10

CASE REPORT

During a 118-pound collegiate wrestling match, a wrestler 
dropped and lowered his head to block the takedown attempt of 
his opponent. The athlete was struck on the right cheek by the
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Maxilla

Medial Canthus

,'asd/
Bon<$ Medial Canthal 
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opponent's head, and an avulsion of the medial aspect of the 
lower eyelid resulted. The match was stopped by the referee 
only due to external hemorrhage. Upon initial evaluation, it 
was determined that the medial aspect of the right lower lid had 
been partially avulsed, similar to Figure 3. 5

The injury initially appeared to be a laceration, approxi 
mately 1 cm in length, that would require only a few stitches to 
repair. The athlete described the mechanism of injury as a 
glancing blow, from the opponent's head to the athlete's right 
cheek. This collision resulted in an inferior and lateral force, 
with no apparent direct contact with the medial canthal area. 
Hemorrhage was minimal and was readily controlled. The 
athlete was permitted to continue the match with no further 
complications. Directly following the match, the athlete was 
examined by the attending physician and was referred to the 
emergency room for further evaluation.

The emergency room physician determined that the athlete 
should be evaluated by an ophthalmologist due to possible 
involvement of the lacrimal system. The ophthalmologist 
diagnosed the injury as an avulsion to the medial one-sixth of 
the lower right eyelid, involving damage to the inferior 
canaliculus and complete avulsion of the inferior medial 
canthal tendon. Surgical intervention was indicated in order to 
restore the lacrimal drainage system and to ensure patency of 
the inferior canaliculus.

Some advocate the repair of all torn canalicular injuries. 5 ' 7 
However, some believe that only injuries to the lower canal 
iculus must be repaired. 11 Still others suggest that as long as 
the patient has one anatomically functional canaliculus, surgi 
cal repair is not indicated. 3 ' 12

The procedure used by the attending physician in the present 
case was a bicanalicular silicone intubation technique (Fig 4).5 
An operating microscope was used in order to aid in the 
physician's visualization of the structures. Others have sug 
gested that in such cases this technique may be indicated. 3 '9 
Bicanalicular intubation entailed threading a silicon tube

Fig 2. The tarsi and related structures4 (published courtesy of Fig 3. Avulsion involving the inferior canaliculus5 (published cour- 
Williams & Wilkins). tesy of Ophthalmic Plastic and Reconstructive Surgery).
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Fig 4. Bicanalicular silicon intubation of the inferior canaliculus5 
(published courtesy of Ophthalmic Plastic and Reconstructive 
Surgery).

through the intact superior canaliculus, through the common 
canaliculus, and back out through the inferior canaliculus. A 
suture was inserted through the center of the silicon tubing 
before the intubation. Once the silicon tubing had been 
threaded through both canaliculi, the suture in the middle was 
used to connect the ends with a knot. The knot in the lacrimal 
lake was then slid back around to the common canaliculus in 
order not to irritate the medial aspect of the globe.

Surgical repair of the inferior medial canthal tendon was 
then performed. The inferior medial canthal tendon was reap- 
proximated using sutures. Due to the stresses placed on this 
microscopic tendon, small pieces of silicon tubing were used to 
reinforce the sutures. Lastly, using small sutures to facilitate 
minimal facial scarring, a layered repair of the lid margin 
tissues was performed. Bioabsorbable suture material was used 
for the deep suture layers, while unabsorbable material was 
used for the superficial sutures.

Initial postoperative treatment involved the application of 
topical antibiotics for 7 days. The superficial facial sutures 
were removed 14 days following surgical repair. The removal 
of the silicon-reinforced medial canthal tendon suture was 
performed 6 weeks following initial injury and surgical treat 
ment. The silicon stent was removed 6 months following initial 
injury and surgical intervention. No complications were noted 
throughout the 6-month postoperative stage or at the time of a 
follow-up interview 2 years postinjury. The main concern for 
the first 14 days following surgery was to avoid any forces to 
the right cheek that might rupture the sutures. During the first 
7 days following the injury, the athlete was allowed to 
participate in all forms of noncontact conditioning and in light 
drills with the protection of a wrestling face mask. During the

second week after the injury, the athlete was allowed unre 
stricted participation, with the continued use of the wrestling 
face mask. Day 14 after the surgery, the superficial sutures 
were removed from the athlete's right medial lid margin, and 
the athlete returned to full participation with no restrictions. 
Approximately 1 month following initial injury and surgical 
repair, the athlete competed in the conference championships 
and won the 118-pound title, which qualified him to compete 
at the National Collegiate Athletic Association Champion 
ships.

DISCUSSION

Although injury to the canalicular portion of the medial 
eyelid occurs rather infrequently, it is imperative that these 
injuries be properly assessed and treated. Therefore, medical 
personnel should be aware of the possibility of such injury. 
When evaluating such an injury, it is important to have a basic 
understanding of the functional anatomy of the lacrimal appa 
ratus.

Research has shown that the population most likely to suffer 
from lacrimal avulsion are males in their late teens and early 
twenties.6 '7 '9 A blow to the face from a fist, elbow, or foot has 
been shown to be the most common mechanism of injury for 
the nonathletic population. 7 However, Saunders et al9 noted 
that athletic accidents are one of the leading causes of lacrimal 
avulsion. Likewise, Kennedy et al7 reported that 8% of the 
lacrimal lacerations they studied were a result of participation 
in sports activities, with most of the injuries occurring in 
basketball.

The mechanism of injury in the present case was diffuse 
trauma to the right cheek, producing an inferior lateral injuri 
ous force. In much of the existing literature, injury to the 
canaliculi are referred to as lacerations. 1 "3 '5 '7 ' 8 ' 10' 13 However, 
in this case, the resulting injury was clearly an avulsion injury. 
In a three-part study, Wulc and Arterberry 13 first looked at the 
mechanism of injury in 25 patients with canalicular injury. 
Injuries were divided into three groups based on the mecha 
nism of injury. Group one consisted of injuries resulting from 
direct trauma with a sharp object to the medial aspect of the 
eye. The second group consisted of injuries from indirect 
trauma, where contact was made at a point distant from the 
canalicular portion of the eyelid. Group three consisted of 
injuries due to diffuse trauma, a force that was directed not at 
the medial portion of the eyelid but to the entire midface. 
Results showed that only 4 of the 25 injuries were from direct 
trauma from a sharp object. Four subjects sustained their 
injuries in high-impact automobile accidents where no clear 
mechanism of injury could be discerned. Of the remaining 17 
cases, blunt trauma was the most common mechanism of injury 
(Fig 5). 13 The mechanism of injury in the current case was also 
considered blunt trauma.

In two following biomechanical studies, Wulc and Arter 
berry 13 stressed cadaver lower lid specimens to failure by 
applying lateral and inferior traction to the eyelid specimen at 
a point away from the medial portion of the lid. In 17 of 19 
cases (89.5%) the lid avulsed at the canaliculus. The authors 13 
suggested that this was the weakest portion of the lower lid
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Fig 5. Glancing blow, across lateral canthus and stretching lid 
laterally, angled as shown in figure, may result in stretching of lid 
laterally (inset center) and rupture of canaliculus (inset right). 13 
(Published courtesy of Ophthalmology)

(due to the punctal opening and the canalicular channel) and 
would therefore be the most common site of failure when an 
injurious force was applied to the lower lid.

It has been advocated that the sooner surgical repair of the 
injured canalicular system is undertaken following injury, the 
greater the success rate. 5 '7 In the present case, surgical repair 
was performed within hours of the initial injury. The early 
recognition and proper treatment may have contributed to the 
surgical success and lack of postoperative complications.

Many surgical techniques have been advocated for repairing 
an avulsed canaliculus. 7 Comparative data concerning alterna 
tive methods for surgical canalicular repair remain limited. 
Hawes and Segrest5 reported a success rate of 95% using a 
bicanalicular silicon intubation procedure similar to the one 
used in the current case. A number of reasons are cited for the 
use of silicon. The silicon material typically does not cause 
necrosis or corneal irritation. It is a softer, more comfortable 
material and is cosmetically more acceptable. 3 Reported com 
plications from the use of silicon intubation have been mini 
mal.3

Prevention of injury to the lacrimal system is very difficult 
and often times impractical in athletics. Kennedy et al7 
suggested that many ocular injuries, including canalicular 
avulsions associated with athletic participation, could be re 
duced through the increased use of protective eye wear. This 
may help in sports such as basketball; however, the use of 
currently available eye protection devices in sports such as 
wrestling and boxing is impractical and may in fact lead to 
injury. Boxers use lubricant on their cheeks to help reduce 
forces that may result in a lacrimal avulsion. Face masks are 
sometimes used in wrestling and other sports to dissipate the

force of a blow. Such masks may limit the athlete's vision and 
are unsightly. In wrestling, this gear is sometimes used as a 
lever by the athlete's opponent.

CONCLUSION

The lacrimal drainage system and the medial lid margin are 
usually well protected from direct trauma by the bridge of the 
nose and the superior orbital rim. Injury from diffuse or 
indirect trauma resulting in avulsion of the medial lid margin at 
the canaliculus is possible. Thus, athletes without facial pro 
tection in contact sports such as soccer, basketball, wrestling, 
and boxing may be likely to incur such injuries. In cases of 
injury to the lacrimal apparatus, it is important to have a basic 
understanding of the functional anatomy. When injury to the 
medial aspect of the eye occurs, recognition of the potential for 
canalicular involvement is essential. Not all canalicular lacer 
ations or avulsions are obvious to untrained individuals; 
therefore, all injuries to the medial lid margin should be 
diagnosed and treated by individuals with expertise in dealing 
with these injuries.
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A Model for a Policy on HIV/AIDS and 
Athletics
Laurie A. Bitting, MS, ATC; Cynthia A. Trowbridge, MS, ATC; 
Lauren E. Costello, MD

Abstract: Human immunodeficiency virus (HIV)-infected ath 
letes exist at the collegiate level and are engaging in competi 
tive sports, as was revealed by a 1993 NCAA survey. Unfortu 
nately, there is a void when the issue of policy for the HIV- 
positive athlete and his or her participation rights at the 
collegiate level is addressed. Given the controversial nature of 
opinion on HIV and the resultant acquired immunodeficiency 
syndrome (AIDS), it is recommended that a policy be in place 
for an HIV-infected athlete before it is needed. Ithaca College

has recently developed such a policy, and it is offered here to 
other educational institutions as a model. It is emphasized 
throughout the policy that HIV-positive athletes should not be 
restricted from athletic participation for the reason of infection 
alone, that strict confidentiality guidelines should be followed, 
and that mandatory testing of athletes for HIV is not justified. 

Key Words: human immunodeficiency virus (HIV), acquired 
immunodeficiency syndrome (AIDS), policy for athletic partici 
pation

A ttention given to human immunodeficiency virus 
(HlV)-positive athletes and their participation status 
has increased dramatically over the past few years. 

HIV infection of such high-profile athletes as Arthur Ashe, 
Greg Louganis, Tommy Morrison, and Earvin "Magic" John 
son has brought to the forefront the question of whether an 
athlete who has contracted the virus that is a precursor to the 
fatal acquired immunodeficiency syndrome (AIDS) should be 
allowed to continue to engage in competitive athletics. This 
issue is clearly deserving of intense scrutiny to ensure informed 
and prudent decisions regarding HIV-infected athletes.

Although the focus of attention has been on professional 
athletes infected with HIV, HIV-positive athletes competing at 
the collegiate level do exist, as reported in a 1993 survey of 
NCAA member institutions. 10 There are no numbers on the 
infection rate of any particular group of athletes 10 (USA Today. 
March 12, 1996:1), but the Centers for Disease Control and 
Prevention estimates that 1 in 200 males of college age are 
infected with HIV6 (USA Today. March 12, 1996:1). The 
concern in intercollegiate athletics is the possibility of trans 
mission of the virus from the infected to the noninfected athlete 
via blood contact (sweat does not carry the virus, and saliva 
does not carry the virus in an infectious form 12). Unfortunately, 
injuries are a part of sport and can result in bleeding on the 
field or court. However, it has been well documented that the 
risk of HIV transmission in the sports arena is infinitesimally 
small, 1>2'4>5>7<10' 11 and to date there have been no cases of such 
transmission. 1 - 2 - 3 '6- 10 - 11

The possibility of a collegiate institution's having to 
address the issue of the participation rights of an HIV- 
infected athlete will continue to grow with the ever increas 
ing HIV infection rate of college-age individuals. The

Laurie A. Bitting and Cynthia A. Trowbridge are athletic trainers and 
clinical faculty members in the Department of Exercise and Sport 
Sciences, School of Health Sciences and Human Performance, and 
Lauren E. Costello is the Medical Director for Athletic Teams, at Ithaca 
College, Ithaca, NY.

aforementioned survey conducted in 1993 of NCAA mem 
ber institutions concerning HIV/AIDS policies found that 
92% of the departments of intercollegiate athletes had no 
policy to address the issue of athletic participation by 
HIV-positive athletes. Of the collegiate institutions that had 
policies concerning participation, only nine of these policies 
were actually in writing. 10 Therefore, a real need exists to 
develop effective educational and procedural guidelines for 
the participation of the HIV-infected athlete. We believe 
that institutions should be proactive regarding an HIV/AIDS 
and athletics policy and should have one in place before it 
becomes a necessity. A collaborative effort by the Medical 
Director for Athletic Teams and two athletic training staff/ 
clinical faculty members was put forth at Ithaca College to 
formulate such a policy. The resultant guidelines are based 
on the best currently available medical facts regarding 
HIV/AIDS. The following is offered as a model to encour 
age the adoption of similar policies by athletic departments 
of colleges and other educational institutions nationwide.

ITHACA COLLEGE DIVISION OF INTERCOLLEGIATE 
ATHLETICS POLICY ON HIV/AIDS AND ATHLETICS

The risk of contracting HIV during the course of athletic 
activity is extremely low. To date, there have been no docu 
mented cases of HIV transmission during athletic activi- 
ty 1,2,4,6,7,10 gase(j on current medical and epidemiologic in 
formation, HIV infection alone is insufficient grounds to 
prohibit athletic competition. The decision to not restrict 
student athletes (hereafter referred to as athletes) merely 
because they are infected with HIV is supported by the joint 
position statement of the American Medical Society for Sports 
Medicine (AMSSM) and the American Academy of Sports 
Medicine (AASM, now known as the American Orthopedic 
Society for Sports Medicine)2 and the position statements of 
the American Academy of Pediatrics (AAP), 1 the National 
Collegiate Athletic Association (NCAA),4 the United States

356 Volume 31 • Number 4 • December 1996



Olympic Committee (USOC),7 ' 8 and the American College 
Health Association (ACHA). 9

In accordance with these position statements, Ithaca College 
supports the above conclusion and believes it is not justified to 
require mandatory HIV testing for intercollegiate athletes, 
particularly in light of the fact that no cases of HIV transmis 
sion during athletic competition have been documented. Man 
datory testing of athletes would fail to decrease the small risk 
of HIV transmission in athletics.4 '5 ' 11 Risk of HIV infection is 
more closely associated with behaviors and conditions external 
to sports competition, more specifically, intravenous drug use, 
intimate sexual contact, and intrauterine transmission from 
mother to baby. Educational programs directed toward the 
traditional routes of HIV infection will teach athletes how to 
prevent HIV infection by acting responsibly and will also 
promote good health practices.4'5 '6 ' 11 Voluntary testing is 
available to any student who might be at risk for HIV infection 
and can be arranged through the campus health center.

In accordance with Ithaca College's policy regarding the 
rights and privacy of individuals, members of the college 
community should take care to respect the confidentiality of 
information concerning persons with HIV infection, HIV- 
related conditions, or AIDS. The decision to disclose informa 
tion related to this particular aspect of the athlete's medical 
history should remain a privilege of the infected individual, 
and it is of paramount importance that a strict policy of 
confidentiality be followed.3 ' 11 Adherence to this policy helps 
limit the risk of discrimination against those with HIV infec 
tion, HIV-related conditions, or AIDS.

The decision to allow continued athletic participation of an 
athlete with HIV infection, HIV-related conditions, or AIDS 
should be based on the athlete's current health status and 
should be left to the discretion of the personal physician and, if 
cleared for play, the athlete. 2 '4 '6 '9 ' 11 Eligibility to participate in 
athletics for the HIV-infected athlete should be determined 
using the same procedures and standards used for all other 
athletes. 6'9 Continued medical checkups are recommended for 
the HIV-infected athlete to ensure the best health interests of 
the athlete for continued sports participation.

The above policy is based on the best currently available 
medical facts regarding HIV/AIDS and will be continually 
reviewed and revised when new information warrants.
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19th Annual NATA Student Writing Contest
In an effort to promote scholarship among young athletic trainers, the National Athletic Trainers' Association, 

Inc. sponsors an annual writing contest.

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

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

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

5. Entries must be written in journal manuscript form and adhere to all regulations set forth in the "Authors' 
Guide" of the Journal of Athletic Training. We suggest that authors, before starting, read: Knight, KL, Ingersoll 
CD. Structure of a Scholarly Manuscript: 66 Tips for What Goes Where. J AM Train. 1996;31:201-206 and 
Knight, KL, Ingersol CD. Optimizing Scholarly Communications: 30 Tips for Writing Clearly. / AM Train. 
1996;31:209-213.

6. Entries must be received by March 1, 1997. Announcement of the winner will be made at the Annual Meeting 
and Clinical Symposia in June.

7. The Writing Contest Committee reserves the right to make no awards if, in their opinion, none of the entries is 
of sufficient quality to merit recognition.

8. An original and two copies of the paper must be received at the following address by March 1, 1997.

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

REQUEST FOR PROPOSALS
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 -t75,OOAvailable
$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@aoI.com or call 800-TRY-NATA ext. 150



all For Abstracts

NATA Research & Education Foundation
CALL FOR ABSTRACTS

1997 National Athletic Trainers' Association — Annual Meeting & Clinical Symposia
Salt Lake City, Utah • June 18-21, 1997 

DEADLINE FOR ABSTRACT SUBMISSION: JANUARY 5, 1997

Instructions for Submission of Abstracts 
and Process for Review of All Submissions

Please read all instructions before preparing the abstract. 
Individuals may submit only one abstract or clinical case report 
as primary (presenting) author, but may submit unlimited 
abstracts or clinical case reports as a co-author. All abstracts will 
undergo blind review.

FREE COMMUNICATIONS ABSTRACTS
Specific Content Requirements

Abstracts in this category must include: the purpose of the 
study or hypothesis, a description of the subjects, the 
experimental methods and materials, the type(s) of data analysis, 
results of the study, and conclusion(s). Authors are asked to 
indicate a preference for oral or poster presentation of their 
abstracts. Authors of free communications are required to 
categorize their abstracts in one of the five specific areas of 
research funded by the NATA Research and Education 
Foundation, specifically:

• Bask Science - includes controlled laboratory studies in the 
subdisciplines of exercise physiology, biomechanics, and motor 
behavior, among others, which relate to athletic training and 
sports medicine.

• Clinical Studies - includes assessment of the validity, 
reliability, and efficacy of clinical procedures, rehabilitation 
protocols, injury prevention programs, surgical techniques, and

• Educational Research - a broad category ranging from basic 
surveys to detailed athletic training/sports medicine curricular 
development. An abstract in this category will generally include 
assessment of student learning, teaching effectiveness (didactic or 
clinical), educational materials and curricular development.

• Sports Injury Epidemiology - includes studies of injury 
patterns among athletes. These studies will generally encompass 
large-scale data collection and analysis. Surveys and 
questionnaires may be classified in this category but are more 
likely to come under the Observational/Informational Studies 
category.

• Observational/Informational Studies - includes studies 
involving surveys, questionnaires, and descriptive programs, 
among others, which relate to athletic training and sports 
medicine.

Instructions for Preparing the Abstract
1. Provide all information requested on the Abstract Author 

Information Form. Abstracts should be typed or word 
processed using a LETTER QUALITY printer with no 
smaller than elite (12 cpi) or 10-point typeface. Do not use a 
dot matrix printer.

2. Top, bottom, right, and left margins should be set at 1.5" 
using a standard 8.5" x 11" sheet of paper. Type the title of 
the paper or project in CAPITAL letters on the left margin.

3. On the next line, indent 3 spaces and type the names of all 
authors with the author who will make the presentation listed 
first. Type the last name, then initials (without periods), 
followed by a comma; continue with the other authors (if 
any), ending with a colon.

4. Indicate the institution where the research or case report was 
conducted on the same line following the author(s)' names.

5. Double-space and begin typing the text of the abstract flush 
left in a single paragraph with no indentions. Do not justify 
the right margin.

6. The abstract, including title, author(s), and affilktion(s) must 
not exceed 400 words.

CLINICAL CASE REPORTS
Specific Content Requirements

This category of abstracts involves the presentation of unique 
individual athletic injury cases of general interest to our 
membership. This year, no form is provided so that authors may 
use their own word-processing software to format and submit the 
following information using a two-page format. Abstracts in this 
category must include the following information. A maximum of 
one paragraph should be presented for each of the following 
required content area headings:

1) Personal data
2) Physical signs and symptoms
3) Differential diagnosis
4) Results of diagnostic imaging/laboratory tests
5) Clinical course
6) Deviation from the expected

Instructions for Preparing the Abstract
1. An individual may submit only one clinical case report

abstract as primary (presenting) author; however, there is no 
limit to the number of abstracts (free communications or case 
reports) listing an individual as coauthor.

2. Clinical case report abstracts are to be word processed or 
typed using a letter-quality printer with no smaller than elite 
(12 cpi) or 10-point font. Do not use a dot-matrix printer.

3. Top, bottom, right, and left margins should be set at 1.5" 
using a standard 8.5" x 11" sheet of paper. Type the title of 
the paper or project in all CAPITAL letters on the left 
margin.

4. Provide all information requested on the information form on 
the next page. Please note that the institution where the 
clinical case occurred should be cited, not the author(s)' 
current address, if different.

5. The title of the clinical case report should not contain
information that may reveal the identity of the individual nor 
the specific nature of the medical problem to the reader. An 
example of a proper title for a clinical case report is "Chronic 
Shoulder Pain in a Collegiate Wrestler."

6. Complete the six different categories of information as 
required for a clinical case report abstract. These categories 
are: 
a. Personal Data/Pertinent Medical history (provide the age,

gender, sport/occupation of individual, their primary
complaint, and pertinent aspects of their medical history) 

b. Physical Signs and Symptoms (a brief summary of the
physical findings) 

c. Differential Diagnosis (array of possible
injuries/conditions)

d. Results of Diagnostic Imaging/Laboratory Tests 
e. Clinical Course (eg, diagnosis, treatment, surgical

technique, rehabilitation program, final outcome) 
f. Deviation From the Expected (a brief description of what

makes this case unique)
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Instructions for Submitting Abstracts
(either Free Communications or Case Reports)

Complete the form and mail it, the original abstract, two 
photocopies of the original abstract, six (6) blind copies (showing 
no information about the authors or institution) of the abstract and 
a kbeled 3.5" DISKETTE copy (preferably in WordPerfect or 
ASCII format; if you must send it in Macintosh format, please 
use a high-density diskette) of your abstract and the following 
author information to:

NATA Research & Education Foundation
Free Communications

2952 Stemmons Freeway
Dallas, TX 75247

ABSTRACTS POSTMARKED AFTER 
JANUARY 5, 1997 WILL NOT BE ACCEPTED

Mailing Address of Presenting Author: 
(Please type; provide full name rather than initials)

D I am a student.
Name ___________________________ 
Address __________________________ 
City ____________________________ 
State ________________ Zip _______ 
Work Telephone ____________________ 
Fax#___________________________ 
NATA Membership Number ______________ 
e-mail ___________________________

Key Words: (two to six words that identify your 
abstract)

Indicate the most appropriate TYPE for the 
presentation: (check one onfy)
D Clinical Case 

Report
D Free

Communications

If FREE COMMUNICATIONS, indicate 
the most appropriate CATEGORY for your 
presentation: (check one onfy)
D Basic Science
D Educational Research
D Observational Studies

D Clinical Studies 
D Sports Injury 

Epidemiology

Indicate your presentation preference:
(check one onfy; choice does not influence acceptance)

D Poster D Oral D Indifferent

NATA Research & Education Foundation 
Call for Reviewers

The NATA Research & Education Foundation sponsors the 
Free Communications Sessions at the NATA Annual Meeting & 
Clinical Symposium. These events offer NATA members the 
opportunity to present and learn about the latest developments in 
athletic training.

The Foundation is currently recruiting individuals interested 
in reviewing the abstracts submitted for inclusion in these oral 
and poster research presentations. The abstracts fall under the 
following categories: basic science, clinical studies, educational 
research, observational studies, sports injury epidemiology, and 
clinical case reports (unique injury cases).

Abstracts are due January 5 of each year. During the month 
of February, reviewers are asked to submit written evaluations 
and blind abstracts within their interest or expertise area.

Those interested in volunteering to become an abstract 
reviewer should send a curriculum vitae or resume, your 
preferred review category, and a short description of why you 
would make a good abstract evaluator to:

Reviewers
NATA Research & Education Foundation 

2952 Stemmons Freeway
Dallas, TX 75247 

Responses preferred by December 1, 1996
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Clint Thompson, MS, ATC

Cross KM. A review of topically ap 
plied dimethyl sulfoxide. / Sport Reha- 
bil 1996;5:164-171.

Dimethyl sulfoxide (DMSO) was in 
troduced to the medical community in 
the mid-1960s as a powerful anti- 
inflammatory agent. Clinical studies and 
subjective claims abounded about its 
healing effects on a variety of musculo- 
skeletal injuries. Unfortunately, soon af 
ter the incorporation of DMSO into re 
habilitation routines, the American 
Medical Association denounced many of 
the studies of DMSO as being unscien 
tific in nature, and the possibility of toxic 
effects on the optical lens was noted in 
an experiment using primates as sub 
jects. As a result, the use of DMSO in the 
medical community was halted. The ex 
act mechanisms by which DMSO affects 
the healing process are unknown; how 
ever, several studies from the 1980s 
noted specific effects during various 
phases of the inflammatory process, such 
as monocyte and fibroblast activity. 
Presently, DMSO is considered an inves- 
tigational drug and has not been ap 
proved by the Food and Drug Adminis 
tration for use with musculoskeletal 
disorders.

Reprinted with the permission of the 
Journal of Sport Rehabilitation.

DeCarlo M, Malone K, Gerig B, 
Hunker M. Evaluation of shoulder in 
stability braces. J Sport Rehabil 1996; 
5:143-150.

The comparative abilities of three 
types of shoulder orthoses to limit mo 
tion following isokinetic exercise were 
studied on 10 male subjects. Maximum 
active abduction, forward flexion, and 
external rotation were measured under a 
control and three braced conditions. 
Braced conditions included Sawa, Duke 
Wyre, and Shoulder Subluxation Inhibi 
tor. Subjects performed 10 repetitions 
each of flexion-extension and abduction- 
adduction exercise at isokinetic speeds

of 120° and 180°/s. Data were analyzed 
using a paired t test and ANOVA. Sig 
nificant differences were found for each 
of the devices in pre-post goniometric 
measurements of forward shoulder flex 
ion. Only the Sawa brace demonstrated 
significant pre-post change for shoulder 
abduction. No significant differences 
were detected in any of the devices for 
external rotation. A trainer who is select 
ing a motion-limiting shoulder device for 
an athlete returning to competition fol 
lowing injury should consider the loos 
ening effect that may occur during activ 
ity as well as the desire for overhead 
motion.

Reprinted with the permission of the 
Journal of Sport Rehabilitation.

McDonough A, Weir JP.The effect of 
postsurgical edema of the knee joint 
on reflex inhibition of the quadriceps 
femoris. J Sport Rehabil. 1996;5:172- 
182.

The purpose of this case study was to 
investigate reflex inhibition of the quad 
riceps femoris in a subject with postsur 
gical edema of the left knee. The subject 
was a 45-year-old male with a traumatic 
knee injury with resultant edema who 
underwent elective arthroscopic surgery. 
Reflex inhibition was assessed by H- 
reflex elicitation in the femoral nerve 
and surface electromyography of the 
quadriceps. To assess the degree of 
edema, direct circumferential measure 
ments were taken. On the first presurgi- 
cal visit, the left knee demonstrated mild 
edema with a decrease in H-reflex am 
plitudes. Two days after surgery, a fur 
ther reduction in amplitudes and more 
swelling were demonstrated followed by 
an increase in amplitudes and a reduction 
in edema on the 28th postoperative day. 
These findings document a relationship 
between reflex inhibition and joint swell 
ing that was previously described in 
experimental material when joint edema 
was imitated.

Reprinted with the permission of the 
Journal of Sport Rehabilitation.

Udry E. Social support: exploring its 
role in the context of athletic injuries. 
J Sport Rehabil. 1996;5:151-163.

The vast majority of research dealing 
with athletic injuries has examined inju 
ries from physical or environmental per 
spectives. However, there has been a 
growing awareness of the role of psycho- 
social factors in the injury process. Spe 
cifically, social support has been identi 
fied as a variable that may play a 
significant role in both the etiology of 
and recovery from athletic injuries. The 
overall purpose of this discussion is to 
review and integrate the literature that 
has examined the role of social support 
as it relates to athletic injuries. More 
specifically, this paper will (a) discuss 
conceptual issues related to social sup 
port, (b) explore the role of social sup 
port as a potential moderator variable in 
the life stress-injury relationship, (c) ex 
amine the contribution of social support 
to the rehabilitation process, and (d) 
suggest directions for future research 
based on the extant social support liter 
ature.

Reprinted with the permission of the 
Journal of Sport Rehabilitation.

Terry GC, LaPrade RF. The biceps 
femoris muscle complex at the knee. 
Am J Sports Med. 1996;24:2-8.

We dissected 30 cadaveric knees to 
provide a detailed anatomic description 
of the biceps femoris muscle complex at 
the knee. The main components of the 
long head of the muscle are a reflected 
arm, a direct arm, an anterior arm, and a 
lateral and an anterior aponeurosis. The 
main components of the short head of the 
biceps femoris muscle are a proximal 
attachment to the long head's tendon, a 
capsular arm, a confluence of the biceps 
and the capsuloosseous layer of the ili-
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otibial tract, a direct arm, an anterior 
arm, and a lateral aponeurosis. We ex 
amined 82 consecutive, acutely injured 
knees with clinical signs of anterolateral- 
anteromedial rotatory instability for the 
incidence and anatomic location of inju 
ries to the biceps femoris muscle. Inju 
ries to components of that muscle were 
identified in 59 (72%) of these knees; 29 
knees (35.4%) had multiple components 
injured. There were 3 injuries to the long 
head of the biceps femoris muscle (all in 
the reflected arm) and 89 to the short 
head. A statistically significant correla 
tion (p = 0.01) was found between 
increased anterior translation with the 
knee at 25° of flexion as demonstrated 
by the Lachman test and injury to the 
biceps-capsuloosseous iliotibial tract 
confluens. Additionally, adduction laxity 
at 30° of flexion correlated with a Seg- 
ond fracture (p = 0.04). These data 
establish, in part, the relationship of the 
biceps femoris complex injury to ante 
rior translation instability.

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

Veltri DM, Deng X, Torzilli PA, May- 
nard MJ, Warren RF. The role of the 
popliteofibular ligament in stability of 
the human knee. Am J Sports Med. 
1996;24:19-27.

The popliteal tendon has a significant 
attachment to the fibula, the popliteo 
fibular ligament. The role of the ligament 
in knee stability has not been deter 
mined. In this study we used selective 
cutting techniques to measure the static 
contributions of the popliteal tendon at 
tachments to the tibia and the popliteo 
fibular ligament for stability of the knee. 
Sectioning of all the posterolateral struc 
tures except the popliteal tendon attach 
ments to the tibia or the popliteofibular 
ligament resulted in increased primary 
posterior translation, varus rotation, ex 
ternal rotation, and coupled external ro 
tation. Although statistically significant, 
these increases were small. Sectioning of 
all the posterolateral structures resulted 
in larger increases in primary posterior 
translation, varus rotation, external rota 
tion, and coupled external rotation. Our 
data indicate that the popliteal tendon

attachments to the tibia and the popli 
teofibular ligament are important in 
resisting posterior translation and va 
rus and external rotation. If an isolated 
injury to the posterolateral structures 
occurs, anatomic reconstruction of the 
major ligaments that restrain posterior 
translation and varus and external ro 
tation may provide the best functional 
result. Reconstruction for isolated pos 
terolateral instability should include 
anatomic attachment of the popliteal 
tendon to the tibia and the popliteo 
fibular ligament.

Reprinted by permission of the 
American Journal of Sports Medicine.

Sallay PI, Poggi J, Speer KP, Garrett 
WE. Acute dislocation of the patella: a 
correlative pathoanatomic study. Am J 
Sports Med. 1996;24:52-60.

The objective of our study was to 
elucidate the characteristic patho- 
anatomy associated with patellar disloca 
tion and report the preliminary results of 
early surgical repair. Twenty-three pa 
tients with documented patellar disloca 
tion had standard radiographs and a 
magnetic resonance imaging scan. In- 
traarticular lesions were evaluated and 
treated arthroscopically followed by an 
open exploration of the medial aspect of 
the knee in 16 patients. Twelve patients 
were observed for a minimum of 2 years 
after surgical repair (average, 34 
months). Eleven patients returned for a 
follow-up examination. Magnetic reso 
nance imaging revealed effusion (100%), 
tears of the femoral insertion of the 
medial patellofemoral ligament (87%), 
increased signal in the vastus medialis 
muscle (78%), and lateral femoral con- 
dyle (87%) and medial patellar bone 
bruises (30%). Arthroscopic examination 
revealed osteochondral lesions involving 
the patella and the lateral femoral con- 
dyle in 68% of cases. Open surgical 
exploration revealed tears of the medial 
patellofemoral ligament off the femur in 
15 of 16 patients (94%). After medial 
patellofemoral ligament repair, none of 
the patients experienced recurrent dislo 
cation. Overall 58% of the results were 
considered to be good or excellent and 
42% were fair. Fifty-eight percent of the

group returned to their previous sport 
with no or minor limitations.

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

Kowall MG, Kolk G, Nuber GW, Cas- 
sisi JE, Stern SH. Patellar taping in 
the treatment of patellofemoral pain. 
Am J Sports Med. 1996;24:61-66.

The purpose of this prospective study 
was to evaluate the efficacy of a patellar 
taping program in the conservative man 
agement of patellofemoral pain. Twenty- 
five patients with patellofemoral pain 
were randomized into two groups. One 
group underwent a standard physical 
therapy program for patellofemoral pain. 
The other group underwent the same 
physical therapy program, but use of a 
patellar taping technique was added to 
this program. Results of a subjective 
visual analog scale and changes in isoki- 
netic strength and electromyographic ac 
tivity of the quadriceps muscle were 
analyzed. Both the tape and no-tape 
groups experienced a statistically signif 
icant decrease in symptoms (p < .05), 
but no difference in improvement of 
patellofemoral pain was noted between 
the groups. Likewise, both groups dem 
onstrated significant improvement in 
quadriceps muscle isokinetic strength 
(p < 0.05) and activity (p < 0.001), but 
no difference in improvement was noted 
between groups. The results of this study 
suggest no beneficial effect of adding a 
patellar taping program to a standard 
physical therapy program in the conser 
vative treatment of patellofemoral pain. 
Larger prospective studies are warranted 
to support this opinion.

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

Kim S, Min B, Han D. Paradoxical 
phenomena of the McMurray Test. 
Am J Sports Med. 1996;24:83-87.

We evaluated 200 patients who had a 
positive McMurray test and found atyp 
ical McMurray test results in 24 patients 
(12%). These patients revealed pain or 
clicking or both either in the medial
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compartment of the knee when the leg 
was internally rotated or in the lateral 
compartment of the knee when the leg 
was externally rotated. The authors ana 
lyzed these paradoxical findings at ar- 
throscopic examination to identify the 
relationship between the type of menis- 
cal tear and the direction of leg rotation 
that elicited the catching and displace 
ment of the torn meniscal portion during 
the McMurray test. Contrary to conven 
tional McMurray test findings, three dif 
ferent types of meniscal tears were found 
on the side of the knee where pain or a 
clicking sound occurred. The three types 
were 1) anteriorly based posterior 
oblique tears with anterior displacement 
of the meniscus, 2) bucket-handle tears 
in the posterior half of the menisci, and 
3) peripheral detachment of discoid me 
nisci in the posterior half of the torn 
portions.

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

Myrer JW, Schulthies SS, Fellingham 
GW. Relative and absolute reliability 
of the KT-2000 arthrometer for unin 
jured knees. Am J Sports Med. 1966; 
24:104-108.

We assessed the reliability of the KT- 
2000 knee arthrometer at 67, 89, 134, 
and 178 N and at manual maximum 
forces on 30 college students who were 
free from present or previous knee inju 
ries. Two examiners tested all subjects 
on two occasions. Anterior laxity (p < 
0.0001) and side-to-side difference (p < 
0.05) significantly increased as force in 
creased. There was a significant differ 
ence (p < 0.0001) between testers for 
anterior laxity but not for side-to-side 
difference. We used intraclass correla 
tion coefficients to estimate relative reli 
ability. Anterior laxity intraclass correla 
tion coefficients (2,1) between testers 
ranged from 0.81 to 0.86 and within 
tester correlations ranged from 0.92 to 
0.95. Intraclass correlation coefficients 
for between testers for side-to-side dif 
ferences ranged from 0.38 to 0.58 and 
within tester correlations ranged from 
0.53 to 0.64. Subject-to-subject variabil 
ity needs to be taken into account when 
interpreting intraclass correlation coeffi

cient values. Our absolute reliability es 
timates (95% confidence intervals) were 
small, indicating little variability. Our 
data demonstrate the KT-2000 arthrom 
eter to be reliable. Researchers should 
present both relative and absolute reli 
ability estimates, although we believe 
absolute estimates are of greater clinical 
value. Side-to-side differences are better 
discriminators than individual absolute 
values. We recommend that a <3 mm 
side-to-side difference be used to indi 
cate stable knees.

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

Bouten CV, Lichtenbelt WD, Wester- 
terp KR. Body mass index and daily 
physical activity in anorexia nervosa. 
Med Sci Sports Exerc. 1966;28:967- 
973.

The level of daily physical activity in 
11 nonhospitalized women with anorexia 
(age: 21-48 yr, body mass index (BMI): 
12.5-18.3 kg-rn2), compared with 13 
normal-weight women (age: 20-35 yr, 
BMI 19.2-26.7 kg-m2), was studied in 
relation to BMI. Daily physical activity 
over a 7-day period was determined from 
movement registration and by combining 
measurements of average daily meta 
bolic rate (using the doubly labeled wa 
ter method) and sleeping metabolic rate 
(measured in a respiration chamber). 
Group averages of daily physical activity 
were similar for subjects with anorexia 
and control subjects. However, women 
with anorexia had either a low or a high 
level of daily physical activity, whereas 
most control subjects had a moderate 
level of daily physical activity. In the 
women with anorexia, daily physical ac 
tivity was significantly related to BMI 
(r = 0.84). Subjects with a BMI ~ 17 
kg'm2 were equally or more active com 
pared with control subjects, while sub 
jects with a BMI 17 kg-m2 were equally 
or less active compared with control 
subjects. The increased physical activity 
at BMI r 17 kg-m2 is considered to be 
facilitated by an improving physical ca 
pacity combined with the advantages of 
a low body mass during weight-bearing 
activities. At lower BMI, undereating 
and declining physical capacity may

have caused the observed decrease in 
daily physical activity.

Reprinted with the permission of
Medicine & Science in Sports &

Exercise.

Robinson AJ. Transcutaneous electri 
cal nerve stimulation for the control of 
pain in musculoskeletal disorders. 
J Orthop Sports Phys Ther. 1996;24: 
208-226.

The literature on the use of transcuta- 
neous electrical nerve stimulation 
(TENS) for pain control in several com 
mon musculoskeletal disorders is re 
viewed. The need for this review stems 
from apparently contradictory results of 
numerous studies designed to address the 
efficacy of electrical stimulation proce 
dures for pain control. The focus of the 
review is on the efficacy of TENS in the 
management of low-back pain syn 
dromes. Other areas discussed include 
TENS use in arthritic conditions, soft 
tissue inflammatory disorders, and in 
postoperative pain following orthopaedic 
surgical procedures. Methodologic 
strengths and weaknesses of TENS stud 
ies are emphasized in order to assist the 
reader in understanding the relative 
value of TENS studies, which either 
support or refute the efficacy of electrical 
stimulation procedures for pain control.

Reprinted with the permission of the
Journal of Orthopaedic & Sports

Physical Therapy.

Sluka KA. Pain mechanisms involved 
in musculoskeletal disorders. / Orthop 
Sports Phys Ther. 1996; 24:240-254.

This manuscript is intended to give a 
basic review of the peripheral and spinal 
neuronal mechanisms involved in the 
processing of musculoskeletal pain. 
There is a complicated neuronal network 
in the periphery and the spinal cord for 
the processing of nociceptive informa 
tion. Injury to a muscle (inflammation or 
ischemia) or a joint (inflammation) re 
sults in sensitization of peripheral noci- 
ceptors. There is then an increased trans 
mission to and increased release of
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neurotransmitters in the dorsal horn of 
the spinal cord. Dorsal horn neurons 
sensitized by the peripheral injury dem 
onstrate increased background activity, 
increased receptive field size, and in 
creased responses to peripherally applied 
stimuli. The increased release of neuro 
transmitters and the sensitization of dor 
sal horn neurons is dependent on activa 
tion of Af-methyl-D-aspartate (NMDA), 
non-NMDA excitatory amino acid, and 
neurokinin 1 receptors. Behavioral 
changes typical of inflammatory pain are 
observed in arthritic rats. These behav 
ioral changes can be modified by a vari 
ety of drugs, including opioids, excita 
tory amino acid receptor antagonists, or 
neurokinin receptor antagonists. In addi 
tion to processing nociceptive informa 
tion following joint or muscle injury, the 
spinal cord controls peripheral joint in 
flammation. Production of dorsal root 
reflexes, antidromic action potentials, 
would be expected to result in the release 
of inflammatory neuropeptides (sub 
stance P and calcitonin gene-related pep- 
tide ICGRPII) from the terminals of 
primary afferents at the site of injury. 
The release of substance P and CGRP 
would potentiate the inflammatory re 
sponse in the periphery.

Reprinted with the permission of the
Journal of Orthopaedic & Sports

Physical Therapy.

Friedman MH, Nelson AJ. Head and 
neck pain review: traditional and new 
perspectives. J Orthop Sports Phys 
Ther. 1996;24:268-69.

A variety of conditions are frequently 
associated with the occurrence of head 
and neck pain. The purposes of this 
review are to describe the characteristics 
of several musculoskeletal, neurologic, 
and systemic conditions frequently cited 
as possible causes of head and neck pain 
and to suggest a new technique for treat 
ing head and neck pain. The characteris 
tics of musculoskeletal conditions, such 
as muscle spasm, tendinitis, trigger 
points, and joint inflammation, and their 
relationship to head and neck pain are 
considered. The features and clinical im 
plications of neurologic conditions, such 
as atypical facial pain, trigeminal and 
glossopharyngeal neuralgia, reflex sym 
pathetic dystrophy, and neurogenic in 
flammation, are also described. The dis 
tinguishing characteristics of headaches, 
including cluster, tension, chronic daily,

rebound, posttraumatic, and postlumbar 
puncture, are detailed. This review also 
addresses the contributions of systemic 
disorders, such as osteoarthritis, rheuma 
toid arthritis and the variants, and rheu 
matoid-related conditions, like dermato- 
myositis, temporal arteritis, Lyme's 
disease, and fibromyalgia, to head and 
neck pain. The results of a recent pilot 
study of the effectiveness of intraoral 
circulating ice water for resolving symp 
toms related to head and neck pain sec 
ondary to neurogenic inflammation are 
presented in this work. Ice water circu 
lating through hollow metal tubes was 
placed intraorally for 15 minutes in the 
posterior maxillary area on 12 individu 
als with cervical pain and muscle spasm. 
In nine of these individuals, reduced 
cervical pain perception, upper trapezius 
electromyography signal reduction, and 
increased cervical range of motion was 
produced. Six of 72 individuals had ac 
companying headache, which was re 
duced or eliminated in four cases. These 
findings suggest a strong trigemino- 
cervical relationship to neck pain and 
headache.

Reprinted with the permission of the
Journal of Orthopaedic & Sports

Physical Therapy.
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Laboratory Activities for Therapeutic 
Modalities
Chad Starkey and Sara D. Brown
F. A. Davis Company, Philadelphia, PA
1995
150 pages
ISBN: 0-8036-0049-6
Price: $17.95

This text, as the title might suggest, is 
a lab manual intended as a companion to 
a therapeutic modalities text. While it 
would seem most obvious to pair it with 
Therapeutic Modalities for Athletic 
Trainers by Starkey (FA Davis, 1993), 
one might find Lab Activities a worth 
while supplement to other texts as well. 
As Starkey and Brown state in the intro 
duction, modalities courses run the peril 
of creating "technicians rather than cli 
nicians." Therefore, the purpose of this 
text is to guide the student's exploration 
of why athletic trainers apply therapeutic 
modalities and what the effects are of 
those treatments.

The book is divided into 17 separate 
class activities. While this closely paral 
lels the school calendar, many of these 
activities may be combined into a single 
class session, and so trying to schedule 
one activity per week is not necessary. 
Each of the class activities is very clearly 
defined in terms of the objective, mate 
rials needed, and the procedures. In ad 
dition, a short discussion section, ques 
tions, and charts are provided. In many 
instances, photographs and drawings are 
effectively used to help clarify proce 
dural points that may be confusing.

The actual content of the class activi 
ties is broken up into several large 
chunks. Six activities are concerned with 
heat and cold, seven with electrical stim 
ulation, three with ultrasound, two with 
biofeedback, and one with traction. Un 
fortunately, no activities are provided for 
massage, spray and stretch, whirlpools, 
or compression units. One other criticism 
may be added. Many of the electrical 
generators available today are capable of 
providing a staggering range of currents. 
The class activities investigate the ma 
nipulation of pulse duration and current 
density, but activities that compare and

contrast wave form, current polarity, 
pulse rate, ramping, on/off times, and 
current interference are not provided.

Three class exercises are also pro 
vided that should help students clarify 
points of confusion from lectures that 
may need to be addressed before the lab 
session. In addition, a nine-part appen 
dix, references, credits, and additional 
charts for students are included in the 
back of the text.

This text is fairly unique in its content; 
the reviewer is not aware of other mo 
dalities texts that are dedicated to lab 
activities. At the publisher's suggested 
price of $17.95, it is a relatively cheap 
supplement to a modalities text. While 
educators may find it necessary to use 
additional supplemental materials to ad 
dress some of the shortcomings of the 
manual, Laboratory Activities for Ther 
apeutic Modalities would be a worth 
while purchase for the undergraduate 
athletic training student.

JeffRudy, MS, ATC
Kansas State University

Manhattan, KS

Physical Therapy Procedures
Ann H. Downer, MS, PT
Charles C. Thomas, Springfield, IL
1996
5th Edition
396 pages
ISBN: 0-398-06556-X
Price: $47.95

The fifth edition of the text, Physical 
Therapy Procedures, presents step-by- 
step techniques developed by the author 
for the appropriate management of spe 
cific treatment modalities. This edition 
of the text is presented in outline form 
and is written primarily as a clinical 
manual for physical therapy assistants 
and for students in physical therapy, 
athletic training, and other sports medi 
cine education programs. The text is 
basically a "how to" text that also in 
cludes basic information on the physics, 
indications, and contraindications of 
treatment modalities. The text presents 
general information that every therapist

should follow when treating patients and 
presents detailed step-by-step techniques 
for the 39 treatment modalities dis 
cussed. The text also includes two ap 
pendices that provide the names, ad 
dresses, and telephone numbers of 85 
equipment manufacturers selected by the 
author.

The format of the text presents spe 
cific step-by-step procedures for manag 
ing various treatment modalities and en 
ables the student to quickly locate the 
section of the text that discusses a spe 
cific treatment modality. This format 
differentiates this text from others. Each 
treatment modality is presented as a sep 
arate chapter; the content includes infor 
mation on 1) preparation for treatment, 
2) starting of treatment, and 3) termina 
tion of treatment.

The text is most suitable as a clinical 
manual for undergraduate students enter 
ing the clinical phase of their education, 
but only as a supplement to a more 
comprehensive textbook on treatment 
modalities. As a supplement, the cost is 
somewhat high. However, if used as a 
primary text, the cost is within reason. 
Practitioners should also find the text to 
be of use as a reference manual.

William B. Biddington, EdD, ATC
California University of Pennsylvania 

California, PA

Essentials of Strength Training and 
Conditioning
Editor: Thomas Baechle
Human Kinetics, Champaign, IL
1994
544 pages
ISBN: 0-87322-694-1
Price: $45.00

According to the editor, Essentials of 
Strength Training and Conditioning is 
designed for the student and professional 
as a comprehensive guide to the princi 
ples, concepts, and theories for exercise 
methodology and training. The major 
focus of the text includes the structure 
and function of the anatomic systems, 
adaptation from training, exercise meth 
odology, exercise program design, meth-
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ods of evaluation, and facility manage 
ment.

This is a well-represented and orga 
nized text on a broad topic. The organi 
zation of the text consists of five individ 
ual sections. The first section contains 14 
chapters detailing the physiology of ex 
ercise training. This section covers phys 
iologic topics such as neuromuscular ad 
aptation and training. Even though many 
of the topics discussed in this chapter are 
found in other texts, the authors do an 
excellent job connecting each chapter to 
the relationship between exercise train 
ing and adaptation. The second section 
details techniques of exercise evaluation 
and testing. Each chapter in this section 
provides statistical examples and testing 
protocols for each provided analysis. The 
third section describes exercise tech 
niques ranging from the warm-up to 
specific methods of speed, strength, and 
endurance training. The fourth section 
brings together the principles of strength 
training and details a plan for the imple 
mentation of a specific exercise program 
to meet achievable goals. The training 
methodology section is well designed 
and addresses such topics as exercise 
selection, load, volume, and training fre 
quency. The fifth section is designed to 
provide the reader with the organization 
and administration of a facility to meet 
the needs of the exercise or sports med 
icine specialist.

This text was edited by a certified 
strength and conditioning specialist, and 
the tests at the end of each chapter serve 
as a study guide for future certified 
strength and conditioning specialists. 
The format of this book makes compre 
hension of the material easy, providing a 
handy reference that could be useful in 
any rehabilitative setting.

For a general reference, this text is a 
comprehensive and easy to use guide for 
any strength and conditioning or sports 
rehabilitative specialist. The authors do 
an excellent job integrating theory and 
practical application in the development 
and implementation of strength and con 
ditioning training. In summary, while 
quite expansive at 544 pages, the text is 
relatively inexpensive at $45.00.1 would 
recommend this text for the professional 
library of athletic trainers and other 
health care professionals.

Jack Ransone, PhD, ATC
San Jose State University

San Jose, CA

Water Exercise
Martha White
Human Kinetics, Champaign, IL
1995
171 pages
ISBN: 0-87322-726-3
Price: $14.95

The purpose of this text is to provide 
the reader with an introduction to water 
exercises. The author begins by giving a 
brief explanation of the benefits of water 
exercise on the body. General compo 
nents of rehabilitation such as muscle 
reeducation and strengthening are men 
tioned. The text is well organized with 
chapter subjects covering the benefits of 
water exercise, getting prepared, and be 
ginning, intermediate, advanced, and 
deep water exercise. This text also in 
cludes chapters divided by joint on water 
programs for selected injuries. There is 
also a chapter on programs for selected 
fitness, which includes a small section on 
special populations.

I was most impressed with the chap 
ters on water exercises. Each exercise 
has a good account of position, descrip 
tion, notes, and precautions. The position 
and description discuss the proper me 
chanics in the water and give a very good 
explanation of how to do the exercise, 
areas where stress on the body part is 
increased due to a particular exercise, 
and how to modify this stress. There are 
illustrations with each exercise. Approx 
imately 78 water exercises are discussed, 
ranging from beginning to advanced. 
The exercises not only are traditional 
movement exercises but also include 
tubing and isotonic exercises performed 
in the water.

This book is an excellent guide for 
athletic trainers, physical therapists, ex 
ercise specialists, or anyone who works 
with aquatic therapy. I would recom 
mend this text as a supplement for any 
undergraduate or graduate course deal 
ing with rehabilitation and conditioning.

Sally A. Rouse Perkins, ATC/L
Southern Illinois University

Carbondale, IL

Manual of Athletic Taping
Sports Medicine Council of British Co 
lumbia
F. A. Davis Company, Philadelphia, PA 
1995
3rd Edition 
106 pages
ISBN: 0-8036-0115-8 
Price: $21.95

The purpose of the Manual of Athletic 
Taping is to provide information on tech 
niques for taping and wrapping of ath 
letic injuries, as well as entry-level infor 
mation about athletic injury recognition 
and care. The manual was originally 
designed as a reference for the British 
Columbia Sports Aid Program.

The Manual of Athletic Taping is di 
vided into eight chapters and a section of 
references and resources. Chapter 1 pro 
vides objectives of taping and wrapping 
and general information about muscle 
structure and function and joint anatomy.

Chapter 2 covers injury recognition 
and management. Topics include HOPS 
(history, observation, palpation, strength, 
and special tests), mechanism of injury, 
emergency care basics, and basic princi 
ples of soft tissue healing and repair.

Chapter 3, "General Taping Consider 
ations," covers information about taping 
theory. Topics include when to tape, first 
aid kit supplies, principles of taping and 
wrapping, and general information on 
techniques for applying tape.

Chapters 4 through 8 each cover one 
of the following areas of the body: the 
ankle and foot, the knee, the wrist and 
hand, the elbow, and muscles and ten 
dons. Each chapter follows the same 
basic format of anatomy of the body part, 
common injuries that occur to the body 
part, and techniques for taping and wrap 
ping the body part. Chapter 9 serves as a 
reference section, including a glossary, 
list of athletic training and sports medi 
cine-related organizations, reference list, 
information on NATA-BOC certifica 
tion, and diagrams.

This manual does a very good job of 
tying information about common athletic 
injuries that occur to a body region to the 
taping and wrapping techniques used in 
the region. The authors have attempted 
to provide concise, step-by-step instruc 
tions, diagrams, and points to consider 
for the user of the manual. The emphasis 
on the points to consider, or "tips," is
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unique to this manual and helpful to the 
student learning to tape.

The information on injury mechanism, 
assessment, disposition, and care of ath 
letic injuries is very basic. It appears this 
manual would be directed toward popu 
lations such as youth coaches or others 
who require a basic understanding of 
athletic injuries and taping techniques.

The only area of weakness is the use 
of line drawings instead of photographs 
to illustrate the taping and wrapping 
techniques covered in the manual. Al 
though the diagrams are clear, the stu 
dent in athletic training would be served 
by the addition of photographs to dem 
onstrate the proper application of taping 
and wrapping techniques.

I would recommend this book as a 
shelf reference to assist in the teaching of 
taping and wrapping techniques. The 
clarity of explanations and helpful points 
allow it to be a useful adjunct to instruc 
tion. I would recommend this book 
highly for situations where youth sports 
coaches, program supervisors, or other 
coaching personnel are required to learn 
the basics of athletic injury care and 
taping.

David A. Middlemas, MA, ATC
William Paterson College

Wayne, NJ

Psychological Bases of Sport Injuries
Editor: David Pargman
Fitness Information Technology, Inc.,
Morgantown, WV
1993
302 pages
ISBN: 0-9627926-3-2
Price: $38.00

This text is a synthesis of the growing 
body of information related to psychoso- 
cial variables and athletic injury. The 
chapter authors include many of the 
leading experts on the topic. The text as 
a whole is an excellent theoretical over 
view. There is, however, considerable 
redundancy between many of the chap 
ters, which is difficult to avoid when 
multiple authors are involved. Another 
concern is the limited number of appli 
cation/practical materials. There are oc 
casional case studies but not enough to 
allow readers many metacognitive op 
portunities to think and apply what they 
are reading. The focus is more on declar

ative material emphasizing the rehabili 
tation domain. An expanded discussion 
of the role of psychosocial variables in 
predicting and preventing athletic injury 
would have enhanced the completeness 
of the text.

Despite these concerns most chapters 
provide valuable insights. Chapter 8, 
"The Dimensions of Social Support 
When Dealing With Sport Injuries," pre 
sents an excellent discussion of social 
support, including types of support that 
involve listening support, emotional sup 
port, task appreciation, and personal as 
sistance. A framework for social sup 
port-based interventions when dealing 
with the injured athlete is presented, 
emphasizing the multiple opportunities 
the athletic trainer has to provide and 
enhance social support for the injured 
and noninjured athlete.

Chapter 9, "Counseling Strategies For 
Enhanced Recovery of Injured Athletes 
Within A Team Approach," develops a 
detailed discussion of the roles of ath 
letes and athletic health care team mem 
bers in supporting the athletes' need for 
different levels of help and counseling. 
The roles of the coach, peer athletes, 
athletic trainer, and other athletic health 
care professionals, working as a team, 
are delineated. Emphasis is placed on the 
importance of referral to a counselor or 
psychologist, when indicated, and how 
to approach this with the athlete. This 
chapter is supported by a series of excel 
lent case studies that effectively rein 
force the chapter content.

Section 4, "Counseling Athletes With 
Permanent Disabilities," includes a se 
ries of three chapters discussing helping 
and counseling strategies for athletes 
with disabilities. This is a well-timed 
section, with the dramatic increase in 
athletes with disabilities participating in 
all forms of sport and physical activity at 
all age levels.

I recommend this text as a supplemen 
tal resource for both undergraduate and 
graduate athletic training courses that 
include discussion of the psychosocial 
aspects of athletic injury. Course instruc 
tors would be able to support their in 
struction and learning experiences by 
introducing selected readings from the 
text. The text would be of significant 
value to students and faculty completing 
research in this area. The thorough the

oretical overviews of most topics are 
very good, and the reference lists with 
each chapter provide excellent direction 
for further reading and literature reviews.

Charles J. Redmond, ATC, PT
Springfield College

Springfield, MA

The Ultimate Sports Nutrition Hand 
book
Ellen Coleman and Suzanne Nelson
Steen
Bull Publishing Co., Menlo Park, CA
1996
224 pages
ISBN: 0-923521-34-8
Price: $14.95

This book, as written, is versatile 
enough to be used as a supplemental 
textbook for those educating athletic 
training students, as a resource for ath 
letic trainers practicing in the field, or for 
the weekend athlete concerned about nu 
trition. It is written in a clear, concise, 
and easy-to-read style. The text begins 
with an overview of the nutrients in 
chapter one. The nutrients are revisited 
in detail in Chapters 5, 6, 7, 8, and 9. The 
later chapters explain many issues con 
fronted by practicing athletic trainers, 
such as body composition, weight con 
trol, the use of supplements, and eating 
disorders. The authors cover the whole 
spectrum of the nutritional needs of ath 
letes with chapters dedicated to the ac 
tive woman, child athletes, and older 
athletes. Of particular interest is the last 
chapter, which gives athletic trainers ex 
cellent ideas for feeding the team while 
on the road.

The authors of this text, Ellen 
Coleman and Suzanne Nelson Steen, are 
well known in the sports nutrition disci 
pline. Their collaboration has produced a 
topnotch text that should become a part 
of every active athletic trainer's profes 
sional library.

Bruce D. Barnhart, EdD, ATC
California University of Pennsylvania 

California, PA

Psychology of Sport Injury
John Heil, DA
Human Kinetics, Champaign, IL
1993
352 pages
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ISBN: 0-87322-463-9 
Price: $45.00

As the author states in the introduc 
tion, this text is written equally for the 
sport psychologist, the clinical psychol 
ogist, the physician, and the sports med 
icine specialist (the author's term for 
athletic trainers and physical therapists, 
collectively). As such, it attempts to 
educate all these diverse groups to the 
fact that athletics and athletic injuries are 
intertwined with psychological factors 
that must be dealt with for optimal heal 
ing of the mind and body to occur. The 
common theme throughout the text is 
that a team approach is necessary to deal 
with injuries. The text is organized into 
six sections that encompass the breadth 
of material and diversity of the readers.

Part I consists of three chapters au 
thored by a former athlete, a team phy 
sician, and a sport psychologist, each 
presenting a perspective on athletic in 
jury. The chapters by the athlete and the 
physician offer many valuable insights 
for athletic trainers. Part II consists of 
two chapters dealing with behavioral risk 
factors for sport injury. Part III com 
prises three chapters on the diagnostic 
assessment of athletes needing psycho 
logical treatment. The majority of this 
section is directed to the psychologist. 
However, the "Sports Medicine Injury 
Checklist" of items that may signal the 
need for referral is something all athletic 
trainers should be knowledgeable about.

Part IV consists of four chapters on the 
psychological management of sport in 
jury. This section is directed primarily to 
the psychologist, but it also educates the 
physician and athletic trainer on the tech 
niques and methods that would be used 
by the psychologist. It is also presented 
for the physician and athletic trainer to 
employ under the guidance of a psychol 
ogist. This section also reemphasizes the 
team approach to treatment. Part V con 
tains the two chapters of most use to 
athletic trainers. Topics included here are 
managing pain, alcohol and drug prob 
lems, and eating disorders; building rap 
port and communicating effectively; the 
referral process; coordination of care (es 
pecially as it relates to coaches and 
parents); confidentiality issues; and 
when (and how) to return the athlete to 
play. Part VI finishes with chapters on 
the biology of pain and pharmacologic 
management of pain. These chapters are 
meant to educate the psychologist, but 
they provide a nice review for athletic 
trainers.

Psychology of Sport Injury would be 
better utilized as a supplemental text in 
courses that incorporate the psychologi 
cal factors of injury and rehabilitation. 
The material would be best applied to 
upper-level students with experience in 
injury and rehabilitation. There is mate 
rial in this text, specifically the material 
in part V and the "Sports Medicine 
Injury Checklist," that is very important

to any athletic trainer, but I feel the 
overall content would not be clinically 
relevant to most athletic trainers. Consid 
ering the ratio of relevant information to 
irrelevant information for most athletic 
trainers the cost of this text is slightly 
high, but a student or ATC with an 
interest in sport psychology would find 
this text as money well spent.

The text is somewhat difficult to read, 
particularly the sections directed toward 
psychologists. However, the author has 
prefaced each section with an overview 
that allows the reader to find pertinent 
topics and subjects easily, eliminating 
the need to read the entire text.

This text differs from most other 
resources on sport psychology in that 
its primary emphasis is directed to the 
management of sport injury, not meth 
ods and techniques to improve perfor 
mance, etc. There is much valuable 
information in this text that I have 
found available only through talking 
with psychologists working with ath 
letes. I would recommend to the author 
that future editions be developed as 
separate texts for psychologists and 
physicians and athletic trainers. The 
texts could contain the same content 
areas, with the material differently em 
phasized for each of the two groups.

Daniel Sedory, ATC
University of New Hampshire

Durham, NH
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Sports Taping Basics
David Perrin and Melinda Flegel
Human Kinetics
Champaign, IL
1996
66 minutes (two videotapes, lower and
upper body)
ISBN: 0-88011-606-4
$59.00

The use and application of tape and 
elastic wraps has evolved into an art and 
a science in athletic training. These skills 
are essential to athletic trainers, coaches, 
and student athletic trainers. These vid 
eotapes provide a step-by-step approach 
to the basic fundamentals of taping and 
wrapping. David Perrin and Melinda Fle 
gel cover 17 basic patterns throughout 
the lower and upper extremities.

The videos are presented by body 
segment with information regarding the 
types of injuries that occur at each of 
these areas, with a simple review of 
some mechanisms of injury. Each spe 
cific pattern is demonstrated, with a

clear, concise explanation of the pattern 
to be used, the preparation of the area to 
be taped, and methods for removing the 
tape. At the conclusion of each demon 
stration, key elements of the procedure 
are reviewed and highlighted.

The patterns that have been chosen for 
these videotapes are basic, with little 
variation. This provides the viewer with 
the opportunity to comprehend funda 
mental patterns. The demonstrations are 
complemented by the athletic trainer's 
use of a combination of nonelastic tape, 
elastic tape, and compression wraps to 
complete a procedure.

These videotapes would be suitable in 
a basic athletic training course directed 
toward students preparing for entry into 
an athletic training program, students 
preparing for coaching, and for coaches 
wanting to learn more about basic taping 
and wrapping procedures. These video 
tapes would best be used as a secondary 
or supplemental source for students and 
coaches. Reference is made to David

Perrin's book Athletic Taping and Brac 
ing for additional information on the use 
and application of tape and wraps.

Future editions of these videotapes 
might include additional information to 
help students better understand and ap 
preciate the use of tape and wraps. It 
might serve the user of these videotapes 
to understand the anatomical structure 
and function of each joint and to have a 
greater understanding of the common 
mechanisms by which injury occurs. 
And lastly, information could be pro 
vided for the student or coach to better 
understand the purposes for which tape 
is applied: restricting movement, limit 
ing movement, or support.

Overall, I found these videotapes to be 
beneficial to students, coaches, and any 
individual who wants to learn the basic 
fundamentals of taping and wrapping.

John Cottone, EdD, ATC
State University of New York at

Cortland
Cortland, NY
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The All-Sport Hinged Knee 
Brace From BIKE

BIKE Athletic Company has added a 
new line of heavy-duty braces to its 
product line. The All-Sport Hinged Knee 
Brace offers custom, injury-specific fea 
tures to stabilize movement and optimize 
protection during therapeutic exercise or 
athletic activity. The All-Sport features 
stainless steel medial and lateral hinges 
to provide superior stability and a rein 
forced patella buttress to minimize 
movement. The brace is designed with 
nylon-covered, 1/8-inch neoprene, to 
provide heat retention, compression, and 
support, and a plush terry lining for 
comfort and moisture absorption.

For more information, call (800) 251- 
9230.

OMNI Align Custom Composite 
Knee Orthosis

OMNI Scientific, Inc. introduces the 
OMNI Align Custom Composite pre- 
stressed corrective knee orthosis. The 
brace is designed and engineered to cor 
rect the alignment of an affected knee 
compartment and to reduce symptomatic 
pain and compartment instability associ

ated with a variety of conditions, includ 
ing mild to severe osteoarthritis. The 
Align Composite can be used for patients 
radiographically diagnosed with valgus 
and varus malalignment by correcting 
the alignment toward the mechanical 
neutral position and providing load 
transfer of stress at the joint. The Align 
Custom Composite is a high-strength, 
lightweight, custom-fabricated carbon 
composite employing an advanced cast 
mold technique to produce a precise 
correction and fit. The orthosis incorpo 
rates OMNFs X-Cell thigh restraint sys 
tem, which accommodates soft tissue 
changes, eliminating brace pistoning and 
migration for high-level patient compli 
ance.

For more information, call (800) 448- 
6664

Monarch Knee Brace from 
Smith & Nephew DonJoy Inc.

Smith and Nephew DonJoy, Inc. has 
introduced its latest solution for treating 
osteoarthritis pain, the Patient-Ready 
Monarch Knee Brace. The Patient-Ready

Monarch functions by applying force to 
the side of the knee to relieve the pain of 
bone-to-bone friction in patients with 
osteoarthritis. It is the first fully adjust 
able, varus-valgus brace available in an 
"off-the-shelf model and is designed to 
address industry demands for immediate, 
in-the-field sizing, cost containment, and 
conservative treatment protocols. The 
Patient-Ready Monarch provides a cus 
tom-like fit through the use of an adjust 
able hinge. Flexible thigh and calf cuffs 
pivot within a rigid aluminum brace 
frame for greater conformity to the leg. 
A pneumatic pad allows patients to fine 
tune the pain-relieving force.

For more information, call (800) 336- 
5690

Don Chu's Plyoballs™ from 
OPTP

OPTP Conservative Care Specialist 
introduces Don Chu's Plyoballs.™ 
Olympians, professionals, and elite am 
ateur athletes alike have discovered the 
speed and power gains from plyometric 
exercise. Chu's patented Plyoballs feel 
soft to the catch, yet are easy to grip. 
Plyoballs are the only weighted balls to 
offer zero internal oscillation, meaning
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the catcher does not have to overcome 
inertia or weight changes. Plyoballs will 
not bounce or roll away. Available in 2, 
3, 6, 8, 10, 12 and 15 pounds.

For more information, call (800) 367- 
7393

Exercises Xpress™ 2.0 
Software from The Saunders 
Group

The Exercises Xpress™ 2.0, upgraded 
version of Exercises Xpress,™ provides 
access to the largest international library 
of full body strengthening and flexibility 
exercises available on the market today. 
Exercises Xpress™ 2.0 is a Windows- 
based software program containing 900 
exercises (popularized from the previous 
version) with the addition of 50 new or 
improved exercises. Highlights include 
facial and jaw stretching and strengthen 
ing, neural tension stretching for upper 
and lower extremities, closed chain ex 
ercises for knee rehabilitation, and addi 
tional scapular stabilization exercises. 
Additional exercise collections such as 
hydrotherapy, pediatrics, and weight 
training are available, and future collec 
tions are planned.

Exercises Xpress™ 2.0 allows users 
to customize and store their own proto 
cols and client-specific programs in ad 
dition to supplied instructions. Sorting 
capabilities enable users to precisely pin 
point exercises required for a patient 
protocol more easily than ever before. 
Users can print up to five exercises per 
page in any sequence desired. Printouts 
can be further customized by scanning 
the facility logo or up to 50 of the user's 
own exercises. A Quick Start Tutorial 
allows even a novice computer user to

begin using Exercises Xpress™ 2.0 in 
less than 10 minutes.

For more information, call (800) 456- 
1289

Protection for Hip Pointers

Arthron, Inc. of Brentwood, TN intro 
duces universal, off-the-shelf protection 
for hip pointers with the IMPACT™ Hip 
Pad. This patented pad eliminates ath 
letic trainers from having to use their 
valuable time making their own pads 
while still providing the proven protec 
tion that an athlete needs to play without 
worry or fear of further injury. Enclosed 
in a cushioned envelope is a high-density 
shell with a centrally located bubble, 
called the ShockRing, which intercepts 
potentially damaging blows and dis 
perses those forces away from the in 
jured area. No part of the pad rests on the 
injured portion of the hip. The material 
properties of the shell allow it to be 
custom fitted for almost any athlete. Two 
different thicknesses of interchangeable 
foam pads are provided, one for recent 
injuries and another for when the tender 
ness subsides. The neoprene strapping 
system eliminates not only any shifting 
of the pad but also the need for expensive 
taping that other handmade devices 
might require. It's so simple to apply that 
any player, once instructed, can easily 
put on the pad without assistance.

Combat Mouse Use Problems

The new Mouse Stage from AliMed® 
combats muscle strain by bringing the 
mouse closer to the user. The uniquely 
designed, elevated mouse pad slides con 
veniently over the numeric portion of the 
keyboard, reducing required reach by 
eight or more inches. Mouse Stage is 
available with AliMed' s exclusive Soft 
Wrist Rest, which helps maintain the 
wrist in a straight, neutral position. This 
additional support relieves damaging 
pressure on the carpal tunnel of the wrist, 
reducing risk of carpal tunnel syndrome.

For more information, call (800) 225- 
2610.

Theraband™ Exercise Balls

The Hygenic Corporation, manufac 
turers of Thera-Band® Resistive Exer 
ciser, has introduced Thera-Band™ Ex 
ercise Balls. Thera-Band™ Exercise 
Balls are available in five color-coded 
sizes ranging from 45 cm up to 85 cm. 
Each ball bears the size of the ball for 
easy identification.

For more information, call (615) 377- 
6595.

For more information, call (800) 321-
2135.
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I
Regulated Cold Therapy 
Treatment

Smith & Nephew DonJoy Inc. has 
introduced a new approach to cold ther 
apy with its ICEMAN™ cold therapy 
unit. By regulating and measuring tem 
perature at the inlet, before the cold 
water reaches the patient, the ICEMAN 
is designed to reduce the possibility of 
temperature-related problems. Other 
cold therapy units regulate and measure 
the temperature of the water after it has 
been warmed by the patient's skin, al

lowing the patient to be exposed to water 
temperature that may be near freezing

and potentially injurious. The portable 
ICEMAN unit is ideal for helping reduce 
the need for pain medication following 
surgery, for temporarily reducing local 
ized swelling, and for facilitating faster 
rehabilitation. It offers 6 to 8 hours of 
therapy time, thus reducing the labor 
needed to apply cold therapy. Because it 
is designed to accommodate a variety of 
pads, the most appropriate pad for the 
patient's injured area can be applied to 
optimize the treatment.

For more information call (800) 551- 
6911, Ext. 4ICE.
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MARK ANSWERS ON 
PREVIOUS PAGE.

1. The results of the salary survey 
conducted on certified athletic train 
ers in Delaware, New Jersey, New 
York, and Pennsylvania indicate: 
a. highest salaries were earned by

teacher-athletic trainers, 
b. lowest salaries were earned by 

athletic trainers in the college or 
university practice setting, 

c. salaries earned by athletic train 
ers holding a doctoral degree 
were higher than salaries earned 
by those with a physical therapy 
degree.

d. salaries reported in New York 
were higher than those in the 
other District 2 states.

2. Studies that have assessed the pro 
tective effects of prophylactic knee 
bracing for noninjured athletes indi 
cate there is clearly: 
a. a reduction in injury occurrence. 
b. a reduction in injury severity, 
c. a reduction in injury occurrence

and severity, 
d. no protective effect, 
e. a set of mixed results and no

clear consensus has been
reached.

3. When comparing the effectiveness 
of various materials used in prophy 
lactic upright brace construction, the 
nylon material resulted in ligament 
tension, at high-impact conditions, 
greater than that which resulted with 
no brace at all. 
a. True 
b. False

4. Assessment of functional strength: 
a. may be a better estimate of an

athlete's ability to return to sport
than isolated joint testing, 

b. evaluates complex skills that are
necessary for sport-specific
movement.

c. has yet to be clearly defined, 
d. a and b. 
e. all of the above.

5. When evaluating functional leg 
strength using the vertical jump, the 
most reliable measure would be: 
a. reach height, 
b. vertical impulse.

c. peak vertical ground reaction
force, 

d. All of the above are reliable
measures, 

e. None of the above is a reliable
measure.

6. The application of gel pads as a 
coupling agent in ultrasound treat 
ments:
a. is not recommended for use over 

areas with excessive subcutane 
ous fat. 

b. lowers the transmission of
acoustic energy, 

c. is similar to water in its transmis-
sivity. 

d. is useful in improving coupling
over uneven body surfaces, 

e. can be used only in combination 
with a topical gel.

7. Which of the following is not a sign 
or symptom of temporomandibular 
dysfunction? 
a. ear ache 
b. toothache
c. decreased mandibular motion 
d. crepitus, clicking, or grating as 

sociated with mandibular move 
ment 

e. facial pain

8. An aggressive 6-week DAPRE leg
press protocol performed from 0 to
90° of knee flexion:
a. improves both concentric and ec 

centric peak torque.
b. improves time in a functional 

hop test.
c. improves distance in a functional 

hop test.
d. only a and b
e. all of the above

9. Which of the following caused the 
greatest increase in supine ham 
string flexibility? 
a. stretching and heat 
b. stretching alone 
c. stretching and ice 
d. All were equally effective in in 

creasing flexibility 
e. None effectively increased flex 

ibility

10. What is the main concern following 
surgical intervention after an avul 
sion of the inferior canaliculus? 
a. infection

b. avoiding forces in the cheek of
the ipsilateral side 

c. impaired optical capacity of the
eye 

d. facial scarring

11. In football and rugby athletes, ten 
sion/anxiety mood states are related 
to:
a. injury frequency, 
b. injury severity, 
c. depression/dejection, 
d. all the above, 
e. a & b.

12. The decision to allow continued ath 
letic participation of an athlete with 
HIV infection should be based 
upon: 
a. public knowledge of the athlete's

health records.
b. the athlete's current health sta 

tus.
c. the athlete's discretion, 
d. a strict no-tolerance policy for 

the HIV infected athlete.

13. A concern in athletics is the possi 
bility of transmission of HIV via: 
a. sweat, 
b. saliva, 
c. tears, 
d. blood, 
e. all the above.

14. Differences between MHI subjects 
and control subjects are most evident: 
a. at day 10 following injury, 
b. when sensory input is altered, 
c. when the platform is perturbed in 

a plantar flexion-dorsiflexion di 
rection.

d. all of the above 
e. b & c

15. The findings related to skin surface 
temperature changes with repeated 
ice pack application suggest: 
a. a reapplication protocol of 30 

minutes on and 90 minutes off is 
suitable after showering, 

b. ice should be reapplied immedi 
ately after an athlete showers, 

c. showering and changing clothes 
causes body parts to warm less 
quickly than previously thought, 

d. skin temperature changes fol 
lowing ice pack application are 
identical for the thigh, ankle, 
forearm, and fingers.
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