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E ditorial

Are Certified Athletic Trainers Qualified to 
Use Therapeutic Modalities?
David O. Draper

It is apparent that certified athletic trainers are limited in their use of therapeutic modalities by some state practice acts. I 
am aware of some situations in which the athletic trainer is only permitted to prepare the patient for treatment (eg, apply 
electrodes, prepare an area for ultrasound treatment), but the physical therapist must physically turn on the machine and perform 
the treatment. In other states, the certified athletic trainer (ATC) who works in a clinic setting is considered to be on the same 
level as a physical therapist assistant or aide, and as such, might be limited in modality use. As a researcher of therapeutic 
modalities for more than a decade, it troubles me that the hands of ATCs are tied with respect to modality use.

My purpose in writing this editorial is to inform the public that ATCs are skilled in the use of therapeutic modalities. I will 
provide both entry-level and continuing education examples.

1. How are students of athletic training being educated and trained in the proper use of therapeutic modalities?

Students of athletic training are educated in programs accredited by the Commission on Accreditation of Allied Health Education 
Programs (CAAHEP). In order to meet the standards of this accrediting agency, a student must complete a myriad of cognitive 
(22), psychomotor (10), and affective (5) domains dealing with therapeutic modalities. This is typically accomplished by 
completing at least one semester course on therapeutic modalities. In addition, students may receive basic instruction in the 
use of therapeutic modalities in their basic athletic training and rehabilitation courses.

Aside from the classroom experience, athletic training students are also provided an opportunity to use modalities on a daily 
basis during their year-round clinical practicums. This powerful model of education combines academics in the morning with 
clinical work in the afternoon and evening.

2. What does the National Athletic Trainers' Association (NATA) offer to keep its ATCs current in the proper use of thera 
peutic modalities?

Certified athletic trainers are required to earn continuing education units (CEUs) to retain their certified status. A variety of 
continuing education opportunities exist in the area of therapeutic modalities.

Educational sessions: An entire educational session (3 hours) has been devoted to the use of therapeutic modalities at the last 
4 NATA Annual Meetings and Clinical Symposia. Also, many 15-minute Free Communications research presentations and 
poster presentations on the topic of therapeutic modalities have been provided during the recent NATA annual meetings.

Home study courses: The NATA offers home study courses dealing with the latest techniques and research on therapeutic 
modalities.

Professional journal: The Journal of Athletic Training is the scholarly journal of the NATA. The Table demonstrates how the 
Journal of Athletic Training advances ATCs' understanding of therapeutic modalities in comparison with 2 other journals in 
related fields. The Journal of Orthopaedic and Sports Physical Therapy published 1 therapeutic modalities article every 4.7 
issues; Physical Therapy, 1 such article every 6 issues; and the Journal of Athletic Training, 1.5 such articles per issue.

3. Are ATCs doing research? Certified athletic trainers were authors in 65 of the 80 articles (81%) appearing in the 3 journals.

In conclusion, ATCs play a key role in assisting their patients in recovery from injury. Certified athletic trainers are provided 
ample opportunity to learn about therapeutic modalities during their entry-level education. They are required to earn CEUs to 
retain their certification status. Certified athletic trainers are very active in clinical research on therapeutic modalities, and as

Journal of Athletic Training 11
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*TM indicates therapeutic modality; ATC, certified athletic trainer.

such, are adding to this unique body of knowledge. The Journal of Athletic Training is a leading contributor to the art and 
science of therapeutic modalities by providing its readers with current research on the topic.

Editor's Note: David O. Draper, EdD, ATC, is an Associate Editor of the Journal of Athletic Training and a Professor of 
Athletic Training at Brigham Young University, Provo, UT.
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Electromyographic Analysis of Single-Leg, 
Closed Chain Exercises: Implications for 
Rehabilitation After Anterior Cruciate 
Ligament Reconstruction
Anthony I. Beutler*; Leslie W. Cooperf; Don T. Kirkendallfr 
William E. Garrett, Jrf
"Uniformed Services University of Health Sciences, Bethesda, MD; fCommunity Family Practice, Indianapolis, IN; 
^University of North Carolina School of Medicine, Chapel Hill, NC

Anthony I. Beutler, MD, contributed to conception and design; acquisition and analysis and interpretation of the data; and 
drafting, critical revision, and final approval of the article. Leslie W. Cooper, MD, contributed to conception and design; 
acquisition and analysis and interpretation of the data; and drafting and final approval of the article. Don T. Kirkendall, PhD, 
contributed to conception and design; analysis and interpretation of the data; and drafting, critical revision, and final approval of 
the article. William E. Garrett, Jr, MD, PhD, contributed to conception and design; analysis and interpretation of the data; and 
critical revision and final approval of the article.
Address correspondence to Anthony I. Beutler, MD, Primary Care Sports Medicine, Uniformed Services University of Health 
Sciences, 4301 Jones Bridge Road, Bethesda, MD 20814. Address e-mail to aabeutler@juno.com.

Objective: Many knee rehabilitation studies have examined 
open and closed kinetic chain exercises. However, most studies 
focus on 2-legged, closed chain exercise. The purpose of our 
study was to characterize 1-legged, closed chain exercise in 
young, healthy subjects.

Subjects: Eighteen normal subjects (11 men, 7 women; age, 
24.6 ± 1.6 years) performed unsupported, 1 -legged squats and 
step-ups to approximately tibial height.

Measurements: Knee angle data and surface electromyo- 
graphic activity from the thigh muscles were recorded.

Results: The maximum angle of knee flexion was 111 ± 23° 
for squats and 101 ± 16° for step-ups. The peak quadriceps

activation was 201 ± 66% maximum voluntary isometric con 
traction, occurring at an angle of 96 ± 16° for squats. Peak 
quadriceps activation was 207 ± 50% maximum voluntary iso 
metric contraction and occurred at 83 ± 12° for step-ups.

Conclusions: The high and sustained levels of quadriceps 
activation indicate that 1-legged squats and step-ups would be 
effective in muscle rehabilitation. As functional, closed chain 
activities, they may also be protective of anterior cruciate liga 
ment grafts. Because these exercises involve no weights or 
training equipment, they may prove more cost effective than 
traditional modes of rehabilitation.

Key Words: one-legged squats, step-ups, functional exer 
cise

D esigning an optimal exercise regimen for knee reha 
bilitation continues to be a prevailing focus of sports 
medicine and physical therapy research. Much of the 

controversy surrounding knee rehabilitation concerns which 
type of exercise is most appropriate at various stages of re 
habilitation. An example of this controversy is the ongoing 
debate over rehabilitation after anterior cruciate ligament 
(ACL) reconstruction. 1 "7 Given the frequency of ACL recon 
struction and the lengthy rehabilitation that follows, the search 
for an optimal recovery regimen involving the most beneficial 
types of exercise is an important endeavor. While many modes 
of rehabilitation exercise have been used, much of the current 
debate centers on the risks and benefits of open versus closed 
kinetic chain exercise.

The concept of open and closed chain kinetic exercises 
comes from linkage analysis in mechanical engineering. In 
1955, Steindler suggested that the human body could be rep 
resented by a chain of rigid segments connected by a series 
of joints. 8 He observed that the pattern of muscle recruitment

in the leg was different when the foot was fixed than when 
the foot was free. The term closed chain describes exercise in 
which the distal appendage is fixed, as in a squat or a pull-up. 
Open chain refers to movements in which the foot or hand is 
relatively free, such as during seated knee extension or throw 
ing a baseball.

Both open and closed chain exercises have been studied 
extensively to determine their proper place in rehabilitation 
following ACL reconstructive surgery. 2 -4'7 '9" 12 The results of 
cadaveric research,9 ' 13 biomechanical analyses, 14 - 15 and tibia! 
translocation studies 12 suggest that closed chain exercises re 
sult in reduced anterior tibial shear force and decreased ACL 
strain, while open chain exercises produce greater anterior tib 
ial shear forces and increased ACL strain, especially at 0° to 
45° of extension. Still, open chain exercise continues to be an 
important rehabilitation tool. Open chain isokinetic exercise is 
widely used in evaluating strength recovery after ACL recon 
struction, and previous studies demonstrated higher levels of 
target muscle activation during open chain exercises than dur-
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ing closed chain maneuvers. 3"7 However these findings are 
somewhat deceptive because open chain leg extensions in 
volve a single leg, while previously studied closed chain ex 
ercises are 2-legged activities.

The purpose of our study was to quantitatively characterize 
the activation of the quadriceps during 1-legged, closed chain 
exercises in young, recreationally athletic men and women. 
One-legged exercises were chosen for their potential for in 
creased levels of muscle activation and their utility in practical 
rehabilitation settings. Additionally we wished to study ma 
neuvers (1 -legged squats and step-ups) that would not require 
the use of free weights or expensive weight-training machines.

MATERIALS AND METHODS

Subjects
Written consent in accordance with institutional review board 

policy was obtained from 11 men and 7 women (age = 24.6 ± 
1.6 years, height = 174.2 ± 8.6 cm, weight = 67.9 ± 10.3 kg). 
The subjects had no history of prior knee injury or knee surgery. 
The institutional review board also approved the study.

Before testing, the skin surrounding the knee joint was 
shaved and cleaned with isopropyl alcohol to ensure adequate 
surface contact for electrodes. Two silver/silver chloride 3M 
Red Dot surface electrodes (St Paul, MN) were placed by a 
single investigator on the subject's dominant side (the arm 
with which the subject would prefer to throw a baseball) over 
the muscle bellies of the vastus lateralis, vastus medialis 
oblique, rectus femoris, and biceps femoris using anatomical 
landmarks described by Perotto. 18 The interelectrode distance 
was approximately 4 cm. A single ground electrode was 
placed on the ulnar styloid of the ipsilateral forearm. Electrical 
impedance was determined and verified to be less than 2 kH.

An electrogoniometer (Noraxon USA Inc, Scottsdale, AZ) 
was attached to the lateral aspect of the subject's leg. A single 
investigator positioned the electrogoniometer along a line 
passing through the greater trochanter, the lateral femoral con- 
dyle, and the lateral malleolus. Double-sided tape was used to 
secure the electrogoniometer during positioning. Once in po 
sition, the goniometer was anchored more firmly to the skin 
using transverse strips of 3M Blenderm surgical tape. The sub 
ject was then instructed to stand upright, and the electrogo 
niometer was set to 0°.

For each trial, the analog data from the electromyographic 
(EMG) leads and the goniometer was sampled and processed 
with the Noraxon Telemyo System. Muscle activity signals 
were collected by the surface electrodes and passed to a bat 
tery-operated FM transmitter (Noraxon USA Inc) worn by the 
subject. The transmitter contained a single-ended amplifier that 
filtered at a bandwidth of 15 to 500 Hz and had a common- 
mode rejection ratio of 130 dB and a receiver that converted 
the signal from analog to digital data with an analog-to-digital 
card. From the transmitter, the signal was sent to the computer, 
where the raw EMG and goniometer data were sampled at a 
frequency of 1000 Hz and analyzed by the Myoresearch soft 
ware package (Noraxon USA Inc).

Experimental Protocol
Each subject performed 1-legged squats, step-ups, and max 

imum isometric voluntary contractions (MVICs). The perfor 
mance order of the squats and step-ups was randomly selected

using a random number table. Maximum isometric voluntary 
contractions were performed last. The subjects were given the 
opportunity to practice each exercise until comfortable with 
their performance. Each subject then performed the squats and 
step-ups in 3 sets of 1 repetition each. A rest period of 1 
minute was given between sets, between exercises, and be 
tween MVICs.

One-legged squats were performed by having the subjects 
stand on the instrumented leg with the arms outstretched and 
touching a vertical pillar. The subjects were instructed to use 
the pillar only to aid with balance. They were then asked to 
squat down as low as possible and rise again to the upright 
position using only the instrumented leg. If subjects lost their 
balance, could not rise in a smooth motion, or were judged to 
have used the pillar to pull themselves upright, the trial was 
discarded and the exercise was performed again after the 1- 
minute rest period.

Step-ups were performed by having the subjects place the 
foot of the instrumented leg on a step of approximately tibial 
plateau height (step height was adjusted for each subject). The 
subjects were instructed to step up to full extension of the 
instrumented leg and then return to the original position using 
only the instrumented leg. To ensure that the subjects did not 
push off the contralateral leg, they were required to stand on 
the heel of the uninstrumented leg, maintaining the toes dor- 
siflexed off the ground and the uninstrumented knee locked in 
full extension for the entire concentric portion of the step-up. 
To aid in their performance of this maneuver, subjects were 
instructed to bend their torsos forward over the instrumented 
knee. If a subject did not rise in a smooth motion or was 
judged to have pushed off the uninstrumented leg, the trial 
was discarded and the exercise was performed again after the 
1-minute rest period. If a subject could not perform the ex 
ercise correctly after repeated attempts, the step was lowered 
3 cm and the exercises were repeated. Three subjects (1 man, 
2 women) were unable to perform step-ups at tibial plateau 
height. Each was able to perform the exercise with the step 
height lowered by 3 cm.

Maximum isometric voluntary contractions were measured 
with the subject sitting upright on a leg exercise chair with a 
padded leg extension-flexion bar contacting the distal leg. Care 
was taken to ensure that the hinge center on the machine arm 
was aligned with the knee joint center. The subject was secured 
in the seat with thigh, hip, and shoulder straps. Quadriceps 
MVICs were collected by asking the subjects to extend their 
legs as hard as possible for 5 seconds against the extension 
bar, which was locked at 90° of flexion. After a 1-minute rest 
period, the exercise was repeated at 60° of flexion and then at 
30° of flexion after an additional 1-minute rest period. Ham 
strings MVICs were collected at the same degrees of knee 
flexion with the same equipment, with the subjects flexing 
their legs as hard as possible for 5 seconds.

Data Analysis

We analyzed MVICs by integrating the rectified EMG sig 
nals and finding the greatest 1 second of activation for each 
of the muscles during each trial (30°, 60°, and 90°). This 1 
second of greatest activation for each muscle from any trial 
was assigned 100% of EMG activity for that muscle. The max 
imum integrated EMG (IEMG) of the rectus femoris and the 
vastii were summed to obtain a value assigned as 100% of 
IEMG activity for the quadriceps (quadriceps MVIC). The

14 Volume 37 • Number 1 • March 2002



Electromyographic Analysis by Sex and Exercise*

Exercise

Squat
Maximum knee flexion angle (degrees)
Angle of maximum quadriceps activation (degrees)
Maximum quadriceps activation (% MVIC)

Step-up
Maximum knee flexion angle (degrees)
Angle of maximum quadriceps activation (degrees)
Maximum quadriceps activation (% MVIC)

*SD indicates standard deviation; MVIC, maximum voluntary
fP < .05, men versus women.

Men
Mean (SD)

120 (21)
103 (12)f
197 (71%)

108 (10)f
86 (11)

1 95 (42%)

isometric contraction.

Women
Mean (SD)

96 (19)f
85(17)f

205 (63%)

91 (79)f
79 (12)

227 (67%)

All Subjects
Mean (SD)

111 (23)
96 (16)

201 (66%)

101 (16)
83 (12)

207 (54%)

maximum biceps femoris IEMG was assigned as 100% of the 
IEMG activity for hamstrings per second (hamstrings MVIC). 
We used these values to normalize the dynamic contractions 
recorded during the squats and step-ups. The squat and step- 
up data were analyzed over 10° arcs of knee flexion during 
the concentric and eccentric portions of exercise. The rectified 
EMG signals from the rectus and vastii muscles were inte 
grated over these 10° arcs of motion and then summed to cre 
ate a combined quadriceps IEMG for each arc. The quadriceps 
IEMG for each arc was then divided by the time-weighted 
quadriceps MVIC and multiplied by 100 to express the quad 
riceps activation for each 10° arc as a percentage of the quad 
riceps MVIC (MVIC%). The same methods were used to cal 
culate the MVIC% for the hamstrings.

Data were summarized by routine descriptive statistics. Sig 
nificant differences (P < .05) were determined by repeated- 
measures analysis of variance with 1 grouping factor (sex) and 
2 repeated factors (exercise and knee angle interval).

RESULTS
For the squat and step-up exercises, the maximum angle of 

knee flexion, angle of maximum quadriceps activation, and 
maximum quadriceps activation are summarized in Table 1. 
The male versus female differences in maximum quadriceps 
activation were not significant. However, the differences in 
maximum angle of knee flexion and angle of maximum quad 
riceps activation were significant (P < .05). Men squatted to 
deeper angles of knee flexion and produced their maximum 
quadriceps contraction at greater knee-flexion angles than 
women.

For the step-up exercise, the male versus female differences 
in angle of maximum quadriceps activation and maximum 
quadriceps activation were not significant. However, the max 
imum angle of knee flexion was significantly greater (P < .05) 
for the male group.

Quadriceps activation did not differ between men and wom 
en over the arcs of motion ending at 90°, 60°, and 30°. Ac 
cordingly, the data were pooled and expressed for all subjects. 
Three subjects could not perform a 90 range of motion and 
were excluded. The quadriceps and hamstrings activation over 
each arc of motion with n > 14 is summarized for squats 
(Figure 1) and step-ups (Figure 2). The difference in quadri 
ceps activation among 90°, 60°, and 30° was highly significant 
(P < .0001) for the eccentric and the concentric portions of 
both the squats and the step-ups. No significant difference was 
seen between squats and step-ups in concentric activation at 
90°, 60°, or 30°.

Eccentric Motion
% MVIC

Concentric Motion

Knee Flexion Angle ^717

Figure 1. Relative quadriceps and hamstrings activation during 
legged squats.

1-

Knee Flexion Angle OQuadricaps i 

D Hamstring!

ctlvatlon (n 
icllvation (n

Figure 2. Relative quadriceps and hamstrings activation during 1- 
legged step-ups.

However, the eccentric quadriceps activation at 30° was 
greater for step-ups (36 ±11% MVIC) than for squats (26 ± 
12% MVIC, P = .067). In contrast, the eccentric activation at 
90° was significantly greater for squats (95 ± 29% MVIC) 
than for step-ups (72 ± 36% MVIC, P = .045). Eccentric 
quadriceps activation was not significantly different (P = 
.185) between squats and step-ups at 60° of knee flexion.

The hamstrings electrodes of 2 subjects became detached 
during the exercises and were not discovered until after the 
test. Consequently, these data could not be reported; thus, 16 
subjects had complete hamstrings data. The maximum ham 
strings activation was 81 ± 74% MIVC, occurring at 86 ± 
33° for squats, and 59 ± 37% MVIC, occurring at 65 ± 14°
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for step-ups. No significant differences in hamstrings data 
were noted between men and women.

DISCUSSION

The peak levels of quadriceps activation achieved by sub 
jects in this study were 201 and 207% MVIC for squats and 
step-ups, respectively, approximately double the maximum ac 
tivation measured during isometric exercise. Exercises that 
elicit maximal voluntary muscular contraction have been 
shown to be very effective in increasing muscular 
strength. 16 ' 19"21 The peak levels of quadriceps activation 
achieved in our study are more than double those reported by 
Isear et al22 and Gryzlo et al4 in unloaded 2-legged squats. 
Stuart et al 10 and Wilk et al 16 recorded quadriceps activation 
during loaded, 2-legged, closed chain exercises, and the quad 
riceps activation achieved by subjects in our study is roughly 
double that reported by both groups. Some important differ 
ences in method and subject selection exist between the trials. 
First, both Stuart et al 10 and Wilk et al 16 used free weights to 
increase resistance during exercise; no weights were used in 
our study. Second, Wilk et al's subjects were trained weight 
lifters and Stuart et al's trial included only male subjects. Our 
subject pool consisted of young, recreational male and female 
athletes. Also interesting to note is that the quadriceps acti 
vation for 1 -legged squats and step-ups remained greater than 
100% MVIC at 60° of flexion in our study. Both the peak and 
the sustained levels of activation suggest that 1-legged squats 
and step-ups are effective in achieving a maximal voluntary 
muscular contraction and would be effective in strength build 
ing for men and women. One possible advantage is that these 
1 -legged exercises involve neither free weights nor weight- 
training equipment. Hence, they may prove more cost effective 
than traditional modes of rehabilitation.

A second important feature of these 1 -legged exercises is 
that they involve closed chain joint kinetics. Closed chain ex 
ercises have been associated with decreased ACL strain. While 
the safe or optimal level of strain for newly implanted ACL 
autografts remains unknown, 1 '5 '6 most physicians and thera 
pists have assumed that exercises that effectively strengthen 
the quadriceps muscles while producing less ACL strain are 
desirable. 1 '3 ' 12 ' 16 Results of cadaveric studies by More et al,9 
Markolf et al, 13 and Arms et al23 suggest that squatting pro 
duces significantly less ACL strain than seated leg extension, 
especially between 0 and 30° of knee flexion. Mathematical 
models of the biomechanical forces occurring in the knee joint 
have also been used to estimate ACL shear forces. 14" 17 Ni- 
sell 14 and Wilk et al 16 concluded that open chain exercises 
result in anterior shear and ACL stress, with peak values ap 
proaching 700 Newtons (or 1 body weight) at approximately 
30° of knee flexion. However, closed chain exercises result in 
posterior tibiofemoral shear forces throughout the range of 
motion. 14 - 16 These results are identical with those obtained by 
other investigators, who also demonstrated that increasing re 
sistance during open chain exercise led to a nonlinear increase 
in anterior shear force,24 '25 while increasing resistance during 
closed chain exercise did not significantly increase tibiofem 
oral shear force in a recent in vivo study. 3 Finally, studies 
measuring anterior tibial displacement have been used to de 
termine ACL stress during exercise. Yack et al 12 and Drez et 
al 26 found significantly less anterior tibial translation during 
closed chain exercise, especially in ACL-deficient knees. 
Clearly, exercises with closed chain biomechanics similar to

the 1-legged exercises studied here produce less anterior shear 
force than open chain maneuvers. In addition, the closed chain, 
1 -legged exercises in our study involve increased torso flexion, 
which has been shown to further decrease the anterior com 
ponent of the tibiofemoral shear force. 16

Closed chain exercise also results in decreased anterior tibial 
shear force because the maximum quadriceps activation occurs 
at deep angles of knee flexion. 11 - 12 Cadaveric analysis shows 
that the highly activated quadriceps can pull the tibial forward 
and stress the ACL between 0 and 45° of knee flexion. 23 - 27 
Studies of open chain exercises show maximum levels of 
quadriceps activation between 45° and 0 degrees of knee flex 
ion. 16 ' 18 However, closed chain exercises maximally activate 
the quadriceps at angles of knee flexion greater than 45 0 . 11 - 16 - 12 
The 1-legged squats and step-ups in this study also demon 
strated peak activation at knee flexion angles well away from 
the demonstrated "danger zone" for anterior tibial pull by the 
quadriceps (96 ± 16° in squats, 83 ± 12° in step-ups). Within 
the "danger zone," at 30° of flexion, the 1-legged squats and 
step-ups had relatively low quadriceps activation levels of 
69% MVIC and 67% MVIC, respectively.

Another potential stabilizing force at the tibiofemoral joint 
is hamstring cocontraction. 8 - 22 Most published reports show a 
constant, low-level hamstring activity throughout the exercise 
cycle in 2-legged, closed-chain exercise.4 ' 21 - 22 We found an 
average biceps femoris activation of roughly 20% to 40% 
MVIC throughout the exercise cycle, which is consistent with 
these previously reported results. Our hamstrings data dis 
played much higher intrasubject and intersubject variability 
than did our quadriceps data, making further interpretation and 
description difficult. Typical coefficients of variation ranged 
from 20% to 30% for quadriceps data and from 70% to 90% 
for the corresponding hamstrings parameters. Additionally, our 
hamstrings data reflected only EMG activity monitored from 
electrodes placed over the biceps femoris muscle, ignoring the 
contribution of the lateral semimembranosus and semitendi- 
nosus muscles. We also made no effort to control for hip angle, 
which may be an important factor in hamstrings activation. 12 
The primary purpose of our study was to characterize quad 
riceps activation; the hamstrings results are reported here for 
completeness.

The angle required to achieve maximal quadriceps contrac 
tion with a 1-legged squat or step-up may differ among groups 
of individuals. During the 1-legged squat exercise, the maxi 
mum angle of knee flexion and the angle of maximum quad 
riceps activation were significantly greater for men (120° and 
103°, respectively) than for women (108° and 86°). Yet the 
level of maximum quadriceps activation was not significantly 
different between the 2 groups (197% MVIC in men, 206% 
MVIC in women). These data suggest that though the female 
subjects did not squat as low on average as their male coun 
terparts, 1-legged squats would be equally effective for build 
ing quadriceps strength in men and women, because both 
groups were exercising at close to maximum-level quadriceps 
capacity.

The same trend did not exist for the step-up. Although the 
maximum angle of knee flexion was significantly greater for 
men (108°) than for women (91°), the angle of maximum 
quadriceps activation was not significantly different between 
the 2 groups (men, 86°; women, 79°; P = .187). However, 
when performing a 1-legged squat, the subject was instructed 
to squat down as low as possible while still being able to arise 
using only that leg. When attempting the 1-legged step-ups,
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subjects first attempted to step up onto a platform of knee 
height. If they could not perform the step-up correctly at this 
height, the platform was lowered until they could perform the 
exercise. Yet, if they were successful at knee height, no trial 
of increased platform height was attempted. Thus, the maxi 
mum angle and maximum angle of quadriceps activation dur 
ing step-ups may exhibit a negative skew, obscuring the true 
difference between the 2 groups. Despite this variation in the 
methods, the maximum quadriceps activation was not signif 
icantly different between men (195% MVIC) and women 
(227% MVIC), nor was the maximum quadriceps activation 
significantly different between squats (201% MVIC) and step- 
ups (207% MVIC) for all subjects. One-legged squats and 
step-ups appear to be equally effective in maximally activating 
the quadriceps of both male and female participants.

Differences existed between the eccentric phases of 1-leg 
ged squats and step-ups. The differences in eccentric quadri 
ceps activation at 30° and 90° likely reflect the differing pat 
terns of eccentric "braking" that are required by the 2 
maneuvers. While performing a squat, 90° of eccentric motion 
occurs immediately before a change of direction (ie, beginning 
the concentric, rising motion). Hence, a high level of eccentric 
activation is expected as the quadriceps slow the fall of the 
torso before the concentric exercise begins. However in a step- 
up, 90° of eccentric motion occurs just before heel strike. Log 
ically then, less eccentric activity would be expected than in 
the former scenario because most of the energy of stopping is 
provided by the heel strike of the contralateral leg. The statis 
tical difference at 30° is likely of less functional significance 
but appears to reflect an increased initial "braking" in step- 
ups to lessen the impact forces of the upcoming heel strike.

Closed chain exercises have also been thought to recruit 
muscles in functional, familiar patterns. 22 '28 Theoretically, this 
should result in less time being spent in the initial learning 
phase of strength building (reduction of the pretraining effect) 
and more rapid entry into the muscular building phase of 
strength training. 16 ' 29 ' 30 Additionally, recruiting and activating 
muscles in such functional patterns may improve propriocep- 
tion and coordination, leading to decreased rates of injury. 31 ' 32 
These theoretic benefits have not been proven conclusively, 
since few long-term comparisons of closed and open chain 
rehabilitation have been reported. 1 ' 2 However, should initial 
studies prove correct in predicting these beneficial training ef 
fects, 1-legged exercises may also provide these benefits due 
to their functional, closed chain kinetics. In fact, the balance 
required to perform 1-legged exercises might further enhance 
the coordination and proprioceptive aspects of rehabilitation. 
More research with studies designed specifically to test these 
variables are needed to better understand the role of balance 
and proprioception in rehabilitation.

Finally, 1-legged exercises might be useful in assessing the 
functional recovery of a patient without isokinetic testing. 
With only 1 leg used to perform the exercise, functional com 
parisons can easily be made between the involved and unin- 
volved legs. The height to which a patient can step up or the 
angle to which he or she can squat with the involved versus 
the uninvolved leg may provide valuable information concern 
ing the stage of functional recovery. Further research compar 
ing these 1-legged exercises in normal subjects and patients 
with ACL reconstructions is ongoing at this time.

CONCLUSIONS
One-legged squats and step-ups in young, athletically active 

men and women yield levels of quadriceps activation suffi

ciently high enough for strength building. Further investigation 
is needed to assess these exercises in postsurgical patients and 
to further compare these exercises with other traditional modes 
of rehabilitation therapy.
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Objective: To evaluate the effects of patellar taping on knee 
joint proprioception.

Design and Setting: In a research unit, 3 proprioceptive 
tests were performed. For each of the tests, a standardized 
patellar taping technique was applied in random order.

Subjects: Fifty-two healthy volunteers (27 women, 25 men; 
age, 23.2 ± 4.6 years; body mass index, 23.3 ± 3.7).

Measurements: We measured active angle reproduction, 
passive angle reproduction, and threshold to detection of pas 
sive movement on an isokinetic dynamometer.

Results: We found no significant differences between the 
tape and no-tape conditions in any of the 3 proprioceptive tests

(P > .05). However, when the subjects' results for active angle 
reproduction and passive angle reproduction were graded as 
good (^5°) and poor (>5°), taping was found to improve sig 
nificantly those with poor proprioceptive ability (P < .01).

Conclusions: Subjects with good proprioception did not ben 
efit from patellar taping. However, in those healthy subjects with 
poor proprioceptive ability as measured by active and passive 
ankle reproduction, patellar taping provided proprioceptive en 
hancement. Further studies are needed to investigate the effect 
of patellar taping on the proprioceptive status of patients with 
patellofemoral pain syndrome.

Key Words: proprioception testing, patellofemoral pain syn 
drome

A lthough patellar taping is readily used by physiother 
apists in the treatment of patients with patellofemoral 
pain syndrome (PFPS), doubts still exist regarding the 

mechanism for its success. McConnell 1 originally described 
patellar taping as part of a treatment program for PFPS and 
theorized that this technique could alter patellar position, en 
hance contraction of the vastus medialis oblique muscle, and 
hence, decrease pain. Studies thus far on patients with PFPS 
have been inconclusive regarding patellar taping enhancement 
of vastus medialis oblique contractions2 and taping realign 
ment of patellar position. 3 However, some studies have shown 
that patellar taping helps to decrease pain in patients with 
PFPS 2 and in patellofemoral osteoarthritis,4 although the 
mechanism for this symptomatic improvement remains un 
known. Some investigators have speculated that patellar taping 
may perform a role in providing a sense of mechanical sta 
bility to the patella. 5 - 6

Proprioception is thought to play a more significant role 
than pain in preventing acute injury and in the evolution of 
chronic injury and degenerative joint disease. 7 A recently up 
dated paradigm described it as the acquisition of stimuli from 
peripheral mechanoreceptors in joints, muscles, and deep tis 
sues (conscious) and the projection of these stimuli to the cen 
tral nervous system to modify motor control (unconscious). 8 
Proprioceptive deficits have been found in anterior cruciate 
ligament-deficient knees, 9 ' 10 osteoarthritic knees," and knees 
with chronic effusions. 12 Application of a knee brace or ban

dage improves the proprioceptive deficit. The only studies to 
date on PFPS and proprioceptive capacity have been contra 
dictory. Prymka et al 13 noted poorer proprioceptive capacity 
in patients with "chondropathia patellae" compared with 
healthy subjects, whereas Kramer et al 14 could not find any 
proprioceptive deficits in patients with PFPS in either weight- 
bearing or non-weight-bearing tests. Interestingly, Prymka et 
al 13 showed that an elastic knee bandage improved patients' 
proprioceptive status significantly. A proposed mechanism for 
this finding was that the bandage stimulated rapidly adapting 
superficial receptors in the skin during joint motion and in 
creased pressure on the underlying muscles and joint cap 
sule. 15 Jerosch and Prymka 16 speculated that patients who ex 
perienced patellofemoral dislocation disrupted a host of 
neuroproprioceptive structures in the medial retinaculum, cap 
sule, bursae, and vastus medialis. This damage to the position 
sense receptors 17 may account for the knee's poor propriocep 
tion status. Hypothetically, PFPS patients with more subtle 
forms of chronic patellar malalignment may also exhibit some 
dysfunction of the peripatellar plexus, detectable with propri 
oceptive testing. Therefore, just as the restoration to good pro 
prioception status is widely accepted as a key component in 
the rehabilitation of other knee conditions, modulating propri 
oception in patients with PFPS may help promote normal knee 
function and accelerate the rehabilitation process.

Although a plethora of investigators have studied the role 
of elastic bandages and knee braces on proprioceptive en-
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Figure 1. Patient setup on the Biodex dynamometer.

hancement in both symptomatic and asymptomatic groups,9^ 12 
to date none have evaluated this phenomenon with patellar 
taping. Such a study may not only help to define the similar 
ities between taping and bandaging but may also explain some 
of the mechanisms behind patellar taping. Our purpose was to 
determine the effect of application of patellar taping on the 
proprioceptive ability of the knee in a group of healthy sub 
jects.

METHODS

Subjects
A convenience sample of 52 healthy volunteers (27 women, 

25 men; mean age, 23.2 ± 4.6 years; body mass index, 23.3 
± 3.7) gave their informed consent. The study was performed 
in accordance with the Declaration of Helsinki. All subjects 
had healthy knees with no previous significant injury and were 
symptom free at the time of the study. Each subject served as 
his or her own control, with the no-tape condition being the 
internal control.

cm superior to the lateral malleolus. The sphygmomanometer 
cuff was wrapped around the tibia under the tibial pad. It was 
inflated to 40 mm Hg and was checked constantly to ensure 
equal pressure throughout the study. To avoid any learning 
effect, both the order of tests and the order of conditions were 
randomly allocated for each subject. Each of the 6 testing con 
ditions (2 tape conditions and 3 tests) was completely random 
ized. After each test, the subject was instructed to leave the 
seat and walk around the room to reduce any possibility of 
proprioceptive carryover to the next test.

Measurement of Proprioception
Proprioception can be appreciated and measured conscious 

ly by sensations of movement and joint sense. To detect both 
these aspects and, therefore, test proprioception, methods were 
adopted from previous studies. The methods chosen were pas 
sive angle reproduction (PAR), 15 active angle reproduction 
(AAR), 19 and the threshold for detection of passive movement 
(TDPM). 10

Passive Angle Reproduction
Starting at 90° of knee flexion, the lever arm passively ex 

tended the test limb, without resistance to the movement, to 
the target angle of 45°. This angle is in the working range of 
the knee during daily weight-bearing activities. 11 Passive 
movement was set at an angular velocity of 20 -s~' to limit 
reflexive muscle contractions. Subjects were instructed not to 
voluntarily contract their muscles, and we assumed that no 
muscular contraction was present. The limb was maintained at 
the target angle for 10 seconds to enable the subject to re 
member the position. After the limb was passively returned to 
90°, there was a 5-second pause, and the cycle was performed 
again. This time the subject activated a handheld stop button 
when he or she felt the target angle had been achieved. Once 
the button had been activated, patients were not permitted to 
correct the angle. The angle was identified from the onscreen 
goniometer. Three readings were taken, and the absolute dif 
ference between the perceived angle and the target angle was 
calculated for each reading.

Materials
Testing was performed on the Biodex 2 Isokinetic Dyna 

mometer (Biodex Corp, Shirley, NY) using this system's elec- 
trogoniometer, which is sensitive to 1° increments. This was 
calibrated before the sessions in accordance with the manu 
facturer's instructions. Data were processed using the Biodex 
Advantage software (version 4.5). Visual cues were eliminated 
by blindfolds. The tape was a 10-cm-wide strip of Hypafix 
(Smith & Nephew, Hull, UK). A sphygmomanometer cuff was 
supplied to provide equal sensory input to the lower limb of 
each patient from the dynamometer's tibial pad (SP Services, 
Telford, UK).

Procedures
Each subject was in shorts, barefoot, and blindfolded for the 

test and sat on the testing seat with hip flexion at 90° (Figure 
1). The right limb was chosen for each subject to facilitate the 
testing setup and because previous studies had shown no pro 
prioceptive differences between dominant and nondominant 
limbs. 18 The tibial pad was secured to the shank of the leg 3

Active Angle Reproduction
In the same seated conditions, the subject actively moved 

the limb to the target angle of 45° of flexion. The leg was held 
there for 10 seconds, so the subject could memorize the po 
sition, and then returned to 90° of knee flexion. After a pause 
of 5 seconds, the subject moved the lower limb by active con 
traction at an angular velocity approximating 2°-s^ 1 and 
stopped when he or she thought the target angle had been 
reached. Subjects were not permitted to correct the angle. The 
absolute difference between the perceived angle and the target 
angle was calculated for each trial.

Threshold to Detection of Passive Movement
In the same seated conditions, the dynamometer was set at 

a knee angle of 90° of flexion and the passive angular velocity 
at SO^s" 1 . The subject was asked to press the handheld stop 
button when he or she felt a sensation of movement or a 
change in the starting knee position. The onset of movement 
was delayed randomly by the operator. Auditory cues were 
masked by a set of headphones. Three consecutive trials were
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Table 1. Degrees From the Target Angle*

*Data are presented as median (interquartile range). 
tStatistically significant.

Condition

Test

Active angle reproduction (n - 52)
Passive angle reproduction (n = 52)
Threshold to detection of passive motion (n =
Active angle reproduction, subgroup >5° (n =
Passive angle reproduction, subgroup >5° (n
Active angle reproduction, subgroup <5° (n =
Passive angle reproduction, subgroup <5° (n

52)
19)

= 26)
33)

= 26)

No Tape

4.7 (2.7-6.9)
5.2 (3.0-13.5)
2.0 (1.3-5.3)
8.0 (6.6-11.0)

13.3 (8.7-17.6)
3.0 (2.0-4.5)
3.0 (2.0-4.0)

Tape

3.3 (2.0-6.3)
6.0 (2.8-10.3)
2.3 (1.0-5.3)
4.0 (1.6-7.3)
9.5 (2.8-12.3)
3.0 (2.0-4.8)
4.1 (2.6-6.8)

P Value

.173

.358

.881

.009t

.002t

.687

.004f

performed, with the movement in degrees from the starting 
position noted.

Patellar Taping
Patellar taping was applied by one of the 2 principal inves 

tigators (M.J.C. or J.S.). Practice sessions were performed to 
ensure a similar procedure for taping and testing. With the 
subject supine with a relaxed, extended knee, one strip of tape 
was applied without tension across the center of the patella. 
The center of the tape was as near as possible to the center of 
the patella, with its medial and lateral edges aligned with the 
medial and lateral joint lines. The tape was not pulled in either 
the medial or lateral direction because the subjects were 
asymptomatic and had no evidence of patellar malalignment. 
Care was taken with the length of tape because anthropometric 
differences among subjects may have meant some smaller pa 
tients received proportionally greater amounts of tape than oth 
ers. Thus, the length of tape was calculated to be 50% of the 
total circumference of the subject's knee as measured with a 
tape measure.

Data Analysis
Statistical analysis was performed using the Statistical Pack 

age for the Social Sciences for Windows (version 7.5, SPSS 
Inc, Chicago, IL). The data were tested using the Kolmogorov- 
Smirnov test and found to be not normally distributed (P > 
.05); therefore, separate nonparametric Wilcoxon signed rank 
tests were used for each measure of proprioception tested. The 
level of probability was set at P < .05. Each subject had 3 
readings on each of the 3 tests (PAR, AAR, and TDPM) and 
the 2 conditions (tape and no tape). For PAR and AAR, the 
absolute differences between the target angle and the actual 
angle recorded were used. For TDPM, differences between the 
start and stop angles for all consecutive trials were calculated. 
Three readings were taken for each subject in each condition 
and used to calculate the difference between the actual angle 
and the target angle. 20 The actual angle may have been greater 
or less than the target angle, but because the difference be 
tween them was the more relevant figure for analysis, the pos 
itive or negative direction was disregarded. 15

RESULTS
Nonparametric test results for all methods of testing for pro 

prioception are displayed in Table 1. The results of the Wil 
coxon signed rank tests revealed no significant differences be 
tween the tape and no-tape conditions for the 3 tests (AAR,

Figure 2. Deviation from the target angle for all tests and both 
conditions. 0 indicates target angle; x, outlying values; •, extreme 
values; AAR, active angle reproduction; PAR, passive angle repro 
duction; and TDPM, threshold to detection of passive motion.

Table 2. Degrees From the Target Angle*
Condition

Test

Active angle reproduction (n = 52)
Passive angle reproduction (n = 52)
Threshold to detection of passive motion

(n = 52)
Active angle reproduction, subgroup >5°

(n = 19)
Passive angle reproduction, subgroup >5°

(n= 26)
Active angle reproduction, subgroup <5°

(n = 33)
Passive angle reproduction, subgroup <5°

(n = 26)

No Tape

5.3 ±
8.2 ±
3.4 ±

8.9 ±

13.4 ±

3.2 ±

3.0 ±

3.5
6.5
2.5

3.1

5.4

1.2

1.1

Tape

4.6 ±
7.0 ±
3.4 ±

5.7 ±

9.1 ±

4.0 ±

4.9 ±

3.9
5.3
2.7

4.6

6.3

3.4

3.1

*Data are presented as mean ± SD.

P = .173; PAR, P = .358; TDPM, P = .881). The medians 
and interquartile ranges of the degrees from the target angle 
for all 52 subjects in all conditions are shown in Figure 2. 
Parametric results are also presented in Table 2 and Figure 3. 

Previous researchers 15 had further analyzed their data by 
subdividing their samples into good (^5°) and poor (>5°) pro- 
prioceptive groups. These were simply categoric names allo 
cated according to the accuracy score and not a specific di 
agnosis of the subjects' status. We also conducted this analysis 
on the present data to ascertain if such a division existed in 
our group of healthy subjects and if taping would similarly 
help those who displayed poor proprioception. For PAR, ac-
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30

PA R no tape TDPM no tape

Figure 3. Deviation from the target angle for all tests and both 
conditions. 0 indicates target angle; AAR, active angle reproduc 
tion; PAR, passive angle reproduction; and TDPM, threshold to de 
tection of passive motion.

20

10-

AAR >5° (no tape) AAR > 5° (tape)

Figure 4. Improvement in accuracy after tape for active angle re 
production test in subgroup with more than 5° difference from tar 
get angle. 0 indicates target angle; •, extreme values; and AAR, 
active angle reproduction.

curacy from the target angle was more than 5° for 26 subjects 
and 5° or less for 26 subjects. Wilcoxon signed rank tests 
revealed that taping significantly improved the accuracy of the 
poor group (P = .004) (Figure 4) and actually worsened that 
of the good group (P = .007). The same analysis was per 
formed on the AAR test, with 19 subjects in the poor group 
and 33 in the good group. Once again, taping significantly 
improved the poor group's accuracy (P = .009) (Figure 5) but 
had no effect on the good group (P — .687).

DISCUSSION
We hypothesized that patellar taping would enhance pro- 

prioception in healthy subjects using 3 common measures of 
proprioception. Taping did improve the proprioceptive status 
of those categorized as having poor proprioception but not 
those with good status as measured by AAR and PAR. In 
previous studies involving the application of various types of 
knee braces and bandages, knee joint proprioception has im 
proved on both static21 and dynamic 18 proprioception tests. 
This has been attributed more to a sensory function than a 
purely mechanical one. Lephart et al22 speculated that because 
proprioception is mediated by afferent input from articular,

20

10 .

PAR >5° no tape PAR >5° tape

Figure 5. Improvement in accuracy after tape for passive ankle re 
production test in subgroup with more than 5° difference from tar 
get angle. 0 indicates target angle; PAR, passive angle reproduc 
tion.

muscular, and cutaneous structures, the improvement in knee 
joint proprioception was due to augmented afferent input via 
enhancement of cutaneous stimulation from a neoprene sleeve. 
Barrett et al 11 used a similar explanation for improvement in 
osteoarthritic knees with an elastic bandage. A comparable 
knee bandage has been previously investigated in patients with 
patellar dislocation and proven proprioceptive deficit. 19 The 
proprioceptive enhancement demonstrated in that study indi 
cated that such deficits could be rectified by stimulating skin 
during motion and by pressure on underlying muscles and the 
joint capsule. This was the basis for our investigation into 
patellar taping, and we speculate that similar mechanisms ac 
counted for our results in poor-proprioception subjects on the 
AAR and PAR tests.

Our initial results indicated that taping did not enhance the 
ability of healthy subjects to reproduce a target angle either 
actively or passively or to detect passive motion. However, as 
has been found in a previous study, 15 it seems that not all 
healthy subjects have good proprioception, and their ability 
could be classified as poor or good depending on their accu 
racy in reproducing the target angle. Improvement in propri 
oception did not occur to statistical significance when the 
whole group was analyzed, probably because the data from 
the good and poor groups canceled out.

We hypothesize that subjects with poor proprioceptive abil 
ity (ie, >5° accuracy from the target angle) may have received 
improved afferent feedback via cutaneous receptor stimulation 
from the patellar tape, thereby improving joint reposition ac 
curacy. This, however, was not the case in subjects classified 
as having good proprioception. Another explanation might be 
that those with good proprioception were good enough not to 
need any influence from external aids such as taping; the poor 
group, on the other hand, was more amenable to any external 
help given to them by taping. Birmingham et al21 also noted 
that the poorer the inherent proprioceptive ability, the greater 
the improvement after application of an external device.

Active Angle Reproduction
The improvement in accuracy for the whole group in our 

study was not statistically significant, although the value of

22 Volume 37 • Number 1 • March 2002



1.4° was very similar to the findings of Birmingham et al21 
on the open kinetic chain active reproduction test (1.2°) using 
a neoprene sleeve, which were statistically significant. The dif 
ference in statistical significance is probably due to the use of 
parametric statistical analysis by Birmingham et al, 21 with 
greater dispersal about the means and smaller SDs. Further 
more, they averaged their absolute differences in 5 attempts 
over 5 different target angles. In contrast, we used nonpara- 
metric analysis and had large interquartile ranges, reflecting 
overlapping medians. Categorizing the present data into poor 
and good subjects 15 revealed that patellar taping significantly 
improved the proprioceptive ability of those with an AAR 
score of more than 5°. In contrast, patellar taping had no effect 
at all on those whose AAR score was 5° or less. Reasons for 
this are discussed in the context of PAR testing.

Passive Angle Reproduction
The difference from the target angle in our study between 

tape and no-tape conditions was 0.8°. This figure is similar to 
that of Perlau et al, 15 who noted a difference of 1° using an 
elastic knee sleeve at S^s" 1 ; the sleeve markedly improved the 
PAR results of subjects with poor proprioceptive ability (>5° 
from a target angle), but there was no demonstrable effect on 
their subjects with good proprioception (^5°). They did not 
put their data to formal statistical analysis. With the same 5° 
angle criterion to separate the data, our formal statistical anal 
ysis concurs with the descriptive analysis of Perlau et al 15 : 
statistically significant improvements with the tape for those 
in the poor group. Interestingly, those with good propriocep 
tion were actually made significantly worse by patellar taping 
(P = .004), although the difference of 1.1° is far smaller than 
any of the other taping effects. Perlau et al 15 speculated that 
afferent stimuli enhanced by external appliances, although 
helpful to some subjects whose proprioceptive status for PAR 
is classified as poor, can be unhelpful or even confusing to 
subjects with better proprioceptive status. Our results seem to 
enforce this theory in both the good PAR (worse) and the good 
AAR (no help).

Threshold to Detecting Passive Motion
One possible reason for this test's inability to show any 

differences may have lain more with the insensitivity of the 
Biodex dynamometer than the ineffectiveness of the tape. The 
onscreen goniometer was only sensitive to 1° increments, com 
pared with other studies that used more sensitive devices or 
electrogoniometers. This device limitation means that propri 
oceptive differences of less than 1° would not be detected. 
During the feasibility phase of this study, we used a testing 
angular velocity of 2°-s~ 1 , which was within the usual range 
of angular velocities of O^-s" 1 to 5°-s~ 1 . 23 This angular ve 
locity range has been recommended to minimize the contri 
bution of musculotendinous mechanoreceptors in providing 
the central nervous system with information regarding limb 
position and movement. At 2°-s~ I , we noted that subjects were 
able to detect motion but registered very little variation on the 
onscreen goniometer. An increase in angular velocity to 
SO^s" 1 allowed more variation among subjects' scores, but 
this was far in excess of the recommended angular velocity 
for this type of test, and its reliability and validity have not 
been addressed. We found a very small worsening of 0.3°, 
similar to that of Beynnon et al,20 who found a difference of

0.28°. Although this initially may be considered of doubtful 
clinical significance, it is possible that in real life, with the 
limb moving at great velocity and subjected to high forces, 
this small value takes on greater clinical significance than first 
thought. We recommend that careful consideration be given to 
using a commercial dynamometer, such as the Biodex, for the 
TDPM test. A purpose-built device20' 23 or electrogoniome- 
try 14' 18 may be more sensitive methods for detecting threshold 
to passive motion.

The taping was applied by senior outpatient clinicians who 
run regular courses on patellar taping for graduate physiother 
apists. To ensure that their technique was consistent, a simple 
method was used, with the tape applied directly over the pa 
tella of the extended, relaxed knee. Although more complex 
variations of patellar taping have been advocated, this study 
was performed on asymptomatic subjects who had no abnor 
mality to correct. Furthermore, the amount of skin covered was 
considered more important than the number of tape layers over 
the same area of skin. Our findings also suggest that care 
should be taken when using a group of healthy subjects to 
establish normative data. In the PAR test, exactly 50% of the 
subjects were classified as having poor proprioception accord 
ing to the criteria of Perlau et al. 15 In the AAR test, 37% of 
the subjects were classified as poor using the same criteria.

Limitations of the Study
Although the sample size of 52 is considerably larger than 

any other study we have cited except for Perlau et al ' 5 (N = 
54) and Birmingham et al21 (N = 59), and our mean values 
are comparable with those of many other studies, our subjects 
exhibited larger variance around the mean, resulting in the 
study's low power. For example, for the tape and no-tape con 
ditions (N = 52), the AAR test had a power of 0. 12; the PAR 
test had a power of 0.15 (P < .05). Put another way, with the 
mean differences and the variance exhibited by our patients, 
we would have needed 664 patients to detect a meaningful 
difference in the AAR test and 461 for the PAR. We recom 
mend that future investigators consider this aspect carefully by 
performing proper calculations for the sample size.

The power calculation at P < .05 for the poor AAR group 
(n = 19) was 0.57 and for the poor PAR group (n — 26) was 
0.69. It was not possible to determine sample power from the 
data reported in Perlau et al, 15 but we calculated that although 
Birmingham et al 21 had excellent power (0.99) for AAR, pow 
er for PAR was only 0.47 (P < .05).

The TDPM test was conducted at an angular velocity in 
excess of that recommended by other researchers in this 
field. 18 We accept this limitation and acknowledge that the 
results for this particular test should be interpreted with cau 
tion. The sensitivity of the Biodex goniometer could also be 
construed as a limitation, because the 1° increments may be 
insensitive to more subtle differences among subjects or be 
tween taping conditions. Some clinicians may argue that the 
taping technique was not specific enough to reflect different 
clinical situations or abnormalities of PFPS. Our methods were 
designed to facilitate technique between the authors and con 
trol for variable skin coverage. Furthermore, the subjects had 
neither PFPS nor abnormalities of the patella.

CLINICAL IMPLICATIONS
The clinical implications of these findings are that poor pro 

prioceptive status can be enhanced by a simple patellar taping
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technique. Clinicians using patellar taping need not apply a 
complex technique to achieve an improvement in propriocep- 
tion. Healthy subjects with poor proprioception may be at en 
hanced risk for PFPS. As with other knee conditions, applying 
an external appliance such as tape may reduce the risk of in 
jury by enhancing proprioception. Proprioception in PFPS is 
underresearched, and further study is necessary to investigate 
this phenomenon and also the effect of patellar taping on the 
proprioceptive status of patients with PFPS.

CONCLUSION
Knee proprioception measured by AAR, PAR, and TDPM 

did not change significantly when healthy subjects received 
patellar taping. The improvement achieved with patellar taping 
reached statistical significance, however, when applied to those 
subjects with poor knee joint proprioception (>5° accuracy) 
in the AAR and PAR tests.
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Objective: Arthrogenic muscle inhibition (AMI) is a presyn- 
aptic, ongoing reflex inhibition of joint musculature after disten 
sion or damage to the joint. The extent to which therapeutic 
interventions affect AMI is unknown. The purpose of this study 
was to verify that the vastus medialis (VM) is inhibited using 
the knee joint effusion model and to investigate the effects of 
cryotherapy and transcutaneous electric nerve stimulation 
(TENS) on AMI using this model.

Design and Setting: A 3 x 6 analysis of variance was used 
to compare Hoffmann-reflex data for treatment groups (cryo 
therapy, TENS, and control) across time (preinjection, postin- 
jection, and 15, 30, 45, and 60 minutes after injection).

Subjects: Thirty neurologically sound volunteers (age = 21.8 
± 2.4 years; height = 175.6 ± 9.6 cm; mass = 71.5 ± 13.3 
kg) participated in this study.

Measurements: Hoffmann-reflex measurements were col 
lected using a percutaneous stimulus to the femoral nerve and 
surface electromyography of the VM.

Results: Hoffmann-reflex measurements from the cryother 
apy and TENS groups were greater than measurements from

the control group at 15 and 30 minutes after injection. Mea 
surements from the cryotherapy group were greater than for the 
TENS group, and measurements for the TENS group were 
greater than those for the control group at 45 minutes. At 60 
minutes, the cryotherapy group measurements were greater 
than the TENS and control group measures. Measurements at 
15, 30, 45, and 60 minutes after injection were reduced com 
pared with the preinjection and postinjection measurements in 
the control group. Measurements in the cryotherapy group at 
30, 45, and 60 minutes were greater than the preinjection, post- 
injection, and 15-minute data. No differences between time in 
tervals existed in the TENS group.

Conclusions: Artificial knee joint effusion results in VM in 
hibition. Cryotherapy and TENS both disinhibit the quadriceps 
after knee joint effusion, and cryotherapy further facilitates the 
quadriceps motoneuron pool. Cryotherapy treatment resulted in 
facilitation of the VM motoneuron pool during the post-treatment 
phase. The TENS treatment failed to disinhibit the VM moto 
neuron pool by 30 minutes postinjection.

Key Words: Hoffmann reflex, joint effusion, neuromuscular

A rthrogenic muscle inhibition (AMI) is a presynaptic, 
ongoing reflex inhibition of musculature surrounding 
a joint after distension or damage to that joint. l ~4 Ar 

throgenic muscle inhibition is a natural response designed to 
protect the joint from further damage. The presence of AMI 
retards rehabilitation despite complete muscle integrity. How 
ever, if the affected joint can be protected from further dam 
age, active exercise can be employed to expedite the rehabil 
itation process. Early active exercise in the rehabilitative 
process is essential for decreased healing time,5 increased 
structural strength and stiffness of ligaments,6 increased col 
lagen synthesis in tendons,7 increased proteoglycan content in 
articular cartilage, 8 and periosteal expansion of bone tissue. 9 

Arthrogenic muscle inhibition not only slows strength gains

during rehabilitation, it also slows gains in proprioception 10' 11 
and increases susceptibility to further injury.3 '4' 10" 12 Many ther 
apeutic techniques have been developed to safely increase 
strength and neuromuscular control during joint rehabilitation, but 
these techniques are of little benefit if we cannot overcome AMI. 

Several researchers 13" 18 have shown a decrease in both mus 
cle force output and motoneuron recruitment of the quadriceps 
using an experimental knee joint effusion model. This model, 
involving the injection of saline into the knee joint capsule to 
mimic effusion, allows for a simple, controlled measure of 
AMI. A pretest or baseline Hoffmann-reflex (H-reflex) mea 
surement is obtained before injection and compared with the 
postinjection measurement. The H reflex is a measure of mo 
toneuron pool recruitment. A percutaneous stimulus is applied
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to a mixed nerve, resulting in depolarization of large afferents 
and, ultimately, depolarization of motoneurons in the anterior 
horn of the spinal cord. This results in a twitch contraction of 
the effector muscle, which can be measured by electromyog- 
raphy (EMG). As the stimulus is increased, more afferent fi 
bers reach threshold, and more motoneurons are recruited 
within the motoneuron pool. 1 ' 19 This is represented by an in 
creased amplitude in the twitch contraction.

The difference between the maximum baseline H-reflex 
measurement and postinjury measurement represents inhibi 
tion caused by excitation of mechanoreceptors within the knee 
joint capsule4- 11 '20 and stimulation of the Ib inhibitory inter- 
neurons. 19 Inhibition, or a decrease in the availability of mo 
toneurons within a pool, is reflected by a decreased H reflex, 
while facilitation is represented by an increased H reflex. The 
effusion model allows for mechanical inhibition in the absence 
of perceived pain. 2 Pain is a confounding variable in injury 
that is difficult to control. 2

Despite evidence that AMI exists, few clinicians or re 
searchers3 '4 '21 have even attempted to suggest ways to over 
come or neutralize AMI in a clinical setting. Cryotherapy or 
transcutaneous electric nerve stimulation (TENS) may be ef 
fective therapeutic interventions in slowing or modifying 
AMI. According to Knight,22 ice not only decreases general 
nerve conduction velocity, muscle spasm, and pain, but it has 
a definite slowing and blocking effect on sensory nerve fibers 
at certain nerve tissue temperatures (10°C). The relationship 
appears to be linear; the cooler the nerve becomes, the more 
slowly the impulse is carried. It seems that any cooling of a 
mixed nerve would have the same effect on both motor and 
sensory nerves, but the results of studies exploring the effects 
of cryotherapy on strength and torque output are varied.22"27 
Furthermore, cryotherapy seems to have no effect on more 
functional measures such as agility. 28 Clinically, cooling an 
acutely sprained ankle improves the patient's ability to perform 
active exercise.22 These factors suggest that cooling has a 
greater effect on the sensory function of the peripheral nervous 
system than on the motor component.

Transcutaneous electric nerve stimulation is an intervention 
that could reduce AMI by postsynaptically inhibiting the Ib in 
hibitory interneurons. This process would decrease activity of 
the interneurons responsible for mediating inhibition of the mo 
toneuron pool and decrease AMI. lies29 reported that stimula 
tion of cutaneous nerve branches reduced presynaptic inhibition 
of the soleus muscle. Transcutaneous electric nerve stimulation 
has been shown to produce a small increase in quadriceps max 
imum voluntary contraction after anterior cruciate ligament re 
construction and after open meniscectomy.30'31 Arvidson et al30 
attributed this effect to a small decrease in pain, but Stokes et 
al 31 showed some dissociation between pain and AMI.

The purpose of this study was to verify that the quadriceps 
are inhibited as measured by H reflex using the knee joint 
effusion model and to investigate the effects of cryotherapy 
and TENS on AMI using this model.

METHODS

A 3 X 6 factorial design was used to compare treatment 
groups across time intervals. The independent variables in 
cluded treatment groups (cryotherapy, TENS, and control) and 
measurement intervals (pretreatment, post-treatment, and 15, 
30, 45, and 60 minutes post-treatment). The dependent vari

able was the H reflex. Control variables included surface tem 
perature measurements of the knee and EMG electrode sites.

Subjects
Volunteers (age = 21.8 ± 2.4 years; height = 175.6 ± 9.6 

cm; mass = 71.5 ± 13.3 kg) were 30 (19 male, 11 female) 
neurologically sound, physically active college students with 
no lower extremity conditions resulting in surgery in the last 
2 years, no lasting lower extremity pathology in the previous 
6 months, and a measurable vastus medialis (VM) H-reflex 
measurement. Each subject was determined to be free from 
neurologic disorders and symptoms through a preparticipation 
questionnaire. A preparticipation questionnaire and an H reflex 
screening were used to assess other inclusion criteria. Thirty- 
two subjects were excluded because a measurable VM H reflex 
could not be obtained due to instrumentation limitations. Sub 
jects gave informed consent to participate in this study. Human 
subject approval was obtained from the School of Health and 
Human Performance Human Subjects Committee at Indiana 
State University.

Instrumentation
H-reflex measurements were collected using surface EMG 

(MP100, BIOPAC Systems Inc, Santa Barbara, CA). Signals 
were amplified (DA100B, BIOPAC Systems Inc) from dis 
posable, pregelled Ag-AgCl electrodes. The EMG measure 
ments were collected at 2000 Hz. The BIOPAC stimulator 
module (STM100A, BIOPAC Systems Inc) was used with a 
200-volt (maximum) stimulus isolation adapter (STMISOB, 
BIOPAC Systems Inc) and a shielded bar electrode (EL503, 
BIOPAC Systems Inc).

Surface temperature measurements were collected using a 
portable Datalogger (MSS-3000, Commtest Instruments Ltd, 
Christchurch, New Zealand) with 30-gauge, exposed-junction 
thermocouples with Kapton insulated leads (TX-31, Columbus 
Instruments, Columbus, OH).

Orientation
A 30-minute orientation and screening was held for all vol 

unteers approximately 1 week before testing. A general expla 
nation of the study and its significance was given, along with 
an explanation of the measurement protocol. Vastus medialis 
H-reflex measurements were recorded to ensure that the vol 
unteer had a measurable H reflex for data collection. If a max 
imum measurable H reflex was obtained, all risks involved in 
the study were explained, and the subject was randomly as 
signed to a group (control, cryotherapy, or TENS). If no mea 
surable H reflex could be obtained, the subject was dismissed.

Subject Preparation
Two locations were shaved, debrided (abraded with fine 

sandpaper), and cleaned with isopropyl alcohol for application 
of the EMG electrodes (10-mm Ag-AgCl, BIOPAC Systems 
Inc) for each volunteer. Surface electrodes were centered on 
the greatest bulk of the VM, superomedial to the patella, as 
found during an isometric contraction. The electrodes were 
placed in line with the muscle fibers and spaced 2 cm apart 
from center to center. The ground location was on the ipsilat- 
eral medial malleolus.

A stimulating electrode was placed over the femoral nerve
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in the femoral triangle of the test leg. First, the femoral pulse 
was located. The electrode was then placed over the femoral 
nerve, located just lateral to the femoral artery. Adhesive col 
lars were applied to each pole of the stimulating electrode to 
maintain the position over the nerve for the duration of the 
data collection. An elastic wrap was applied over the electrode 
and around the waist to apply pressure and to hold the elec 
trodes in place during measurements.

Thermocouples were placed on the center of the patella and 
on the skin lateral to the junction of the 2-surface EMG elec 
trodes. The thermocouples were held in place with a 4-cm strip 
of athletic tape.

H-Reflex Procedure
The volunteer was positioned supine with the knee and hip 

slightly flexed and the heel of the involved leg resting in a 
secure pad, designed to keep the heel stable and the lower 
extremity in a fixed position while at rest. Factors such as head 
position, eye position, and hand movements may affect H- 
reflex amplitude. 32 For this reason, every attempt was made 
to control positions and movements of the entire body. Sub 
jects placed their open hands at their sides. They focused on 
a small picture on the ceiling with their heads forward, and 
they listened to wave sounds through headphones. In previous 
work on soleus H-reflex measurements, this protocol resulted 
in excellent reliability (intraclass correlation coefficient [3,1] 
= 0.938). 33

A series of short duration (0.3-millisecond), high-intensity 
(100 to 200 V) stimuli with 20-second rest intervals was de 
livered to the volunteer with varying amplitudes in order to 
find the maximum H-reflex. These stimuli were delivered us 
ing a trial-and-error method for finding the peak H-reflex. 
Stimuli were increased in 2-volt increments. The number of 
trials necessary to find a maximum H reflex ranged from 5 to 
12. A maximum H reflex was present (Figure 1) in the near 
absence of a direct motor response (M response), and as the 
M response increased, the H reflex decreased. The peak of the 
H reflex was between 19 and 23 milliseconds, while the M 
response was between 8 and 15 milliseconds (Figure 1). With 
the stimulating amplitude set at the maximum H-reflex level, 
5 measurements were taken, with a 20-second rest period be 
tween measurements.

Joint Effusion Procedure
An area superolateral to the patella was cleaned with alcohol 

and Betadine (Purdue Frederick Co, Norwalk, CT). Using a 
sterile, disposable syringe, a physician injected 2 cc of lido- 
caine subcutaneously for anaesthetic purposes. With a second 
disposable syringe, 60 mL of sterile saline was injected into 
the superolateral knee joint capsule. The physician performed 
an effusion wave and ballotable patella test to ensure that the 
effusion was within the knee joint capsule. The physician wore 
a new pair of sterile disposable gloves for each volunteer. All 
materials were disposed of in the proper containers according 
to Occupational Safety & Health Administration guidelines. 34

Testing Procedure
Three volunteers, 1 from each treatment group (control, 

cryotherapy, and TENS), reported for each injection session. 
Electrode-placement sites were prepared as previously de-
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Figure 1. Succession of H-reflex measurements with increasing 
stimulus intensity. H waves (B-F) are located at approximately 24 
milliseconds preceded by M waves (E-G) at approximately 10 mil 
liseconds. D represents a maximum H-reflex measurement.

scribed. A baseline H-reflex measurement (preinjection) was 
recorded for each volunteer. Each volunteer was injected with 
saline. Once the effusion was confirmed, H-reflex measure 
ments (postinjection) were recorded, followed by measure 
ments every 15 minutes for 1 hour. Measurement time allot 
ments for each subject were 5 minutes, maintaining a 
15-minute measurement session for each time interval. Sub 
jects in the treatment groups had a treatment applied imme 
diately after the postinjection measurement and removed be 
fore the 30-minute measurement.

Cryotherapy Group
After the postinjection H-reflex measurement, 2 plastic bags 

containing 1 .5 L of partially crushed ice were placed directly 
on the anterior and posterior surfaces of the knee, at least 3 
cm distal to the VM electrodes. The ice remained on the knee 
for 30 minutes. H-reflex measurements were recorded at 15- 
minute intervals during the cryotherapy treatment. Subsequent 
measurements were recorded at 30 minutes (immediately after 
ice removal). Measurements taken at 45 and 60 minutes rep 
resented a post-treatment phase.

Surface temperature measurements were recorded from the 
knee and EMG electrode sites on the VM at each interval. 
These measurements were recorded to ensure that cooling was 
not taking place at the EMG electrode sites, which could po 
tentially affect the measurement.

TENS Group
Four 3 X 3 cm reusable adhesive electrodes (Axelgaard 

Manufacturing Co Ltd, Fallbrook, CA) were applied to the
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H-reflex (V) Amplitudes (Mean ± SD) for Each Group Over Time

Group

Time

Preinjection
Postinjection
15 minutes
30 minutes
45 minutes
60 minutes

Control

5.63 ±
5.87 ±
4.56 ±
4.25 ±
3.86 ±
4.18 ±

1.41
1.42
1.29tt
1.27|t
1.28|§
i.ootii

Cryotherapy

6.38 ±
6.68 ±
6.91 ±
7.64 ±
7.85 ±
7.84 ±

1.20
1.76
1.191:
1.47ft
1.34f§
1.44HI

TENS*

6.20 ±
5.99 ±
6.38 ±
6.11 ±
5.82 ±
5.65 ±

1.81
1.75
1.801:
1.761:
2.01§
2.06||

*TENS indicates transcutaneous electric nerve stimulation. 
fSignificantly different from preinjection measurement (P < .05). 
JTENS and cryotherapy groups > control group (P < .05). 
§Cryotherapy group > TENS group > control group (P < .05). 
||Cryotherapy group > TENS and control groups (P < .05).

superior anterolateral and anteromedial and the inferior an- 
terolateral and anteromedial areas of the knee with approxi 
mately 5 to 7 cm distance between them, forming a square 
around the patella. 35 A typical TENS protocol was used, in 
cluding a continuous, asymmetric, biphasic square-pulse wave 
with a pulse width of 100 and a pulse rate of 120. 35 The 
stimulus intensity was increased until a visible contraction of 
the VM was apparent. The intensity was then decreased until 
no contraction was seen or felt by the volunteer. The treatment 
session lasted 30 minutes, with measurement intervals mim 
icking those of the cryotherapy treatment. The TENS treat 
ment was briefly terminated during the 15-minute measure 
ment so it would not interfere with the H-reflex amplitude.

Control Group
Measurements were recorded at each of the intervals (pre 

injection, postinjection, and 15, 30, 45, and 60 minutes post- 
injection). Subjects in all groups remained in a supine position 
on the treatment table throughout the entire data-collection ses 
sion. No treatment or intervention was applied to the control 
group.

Statistical Analyses
Means were computed from the 5 trials of each measure 

ment for statistical analysis. A 2-way analysis of variance with 
repeated measures on time was performed to test for overall 
differences between treatment groups over time, and the Tukey 
honestly significant difference test was used for post hoc com 
parisons (P < .05 for all tests). Descriptive statistics were 
computed for temperature data.

RESULTS
H-reflex (V) means for each time interval and treatment 

group (Table) are expressed as percentage change from the 
preinjection measurement (Figure 2). An overall difference 
was detected in H-reflex measures between treatment groups 
over time (F [0 135 = 13.68, P < .0001). At 15 and 30 minutes, 
the control group had lower H-reflex amplitudes than the cryo 
therapy and TENS groups (Tukey, P < .05). At 45 minutes, 
H-reflex amplitudes of all groups were different; cryotherapy 
was greater than TENS, which was greater than control (Tu 
key, P < .05). At 60 minutes, the H-reflex amplitudes of the 
cryotherapy group were greater than those of the TENS and 
control groups (Tukey, P < .05). The 15-, 30-, 45-, and 60- 
minute H-reflex measurements decreased compared with the
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Figure 2. H-reflex amplitudes over time expressed as percentage 
change from the preinjection measurement (±SE). Values greater 
than 0 indicate facilitation; values less than 0, inhibition.
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Figure 3. Surface temperatures collected from the anterior knee 
and the EMG electrode sites.

preinjection and postinjection measurements in the control 
group (Tukey, P < .05). H-reflex measurements at 30, 45, and 
60 minutes increased compared with the preinjection, postin 
jection, and 15-minute measurements in the cryotherapy group 
(Tukey, P < .05). No differences were found between time 
intervals in the TENS group.

Descriptive statistics of surface temperature measurements 
from the anterior surface of the knee and from the EMG elec 
trode site (Figure 3) suggest that the temperature remained 
constant at the EMG electrode sites, ensuring that the EMG 
measurement was not affected by possible cooling of the tissue 
beneath the electrodes.

DISCUSSION
Knee effusion has been shown to cause inhibition of the 

quadriceps muscle. 13 ' 15~ 17 '36"39 Our control group data support 
this finding (Figure 2). This inhibition is likely the result of 
increased activity of slowly adapting Ruffini endings in the 
knee joint capsule. 2 ' 17 '40 Activity from these receptors stimu 
lates Ib inhibitory interneurons,41 resulting in inhibition of the 
quadriceps motoneuron pool29 '42 '43 and facilitation of the ham 
strings and triceps surae. 2 ' 9 ' 19 '44 The Ib interneurons seem to 
be the integration point for sensory information received from 
joint mechanoreceptors, resulting in AMI. 2

H-reflex measurements were used in this study to compare 
the availability of motoneurons within the quadriceps moto 
neuron pool before effusion and over a period of time after 
joint effusion. A change in the excitability of the motoneuron
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pool is represented by a change in H-reflex amplitude as more 
or fewer motoneurons are stimulated from a given stimulus 
intensity. The H-reflex measurement, which was taken at rest, 
was very reliable within (ICC[3,1] = .94) and between 
(ICC[3,1] = .93) sessions using our protocol. 33 This measure 
ment does not directly equate to changes in functional 
strength, but it does equate to state changes to the motoneuron 
pool, which affect strength, muscle wasting, and mobilization.4 

The effusion model was chosen to mimic injury without the 
effects of perceived pain. Pain is often blamed for inhibition.45 
While pain undoubtedly plays some role in AMI, the joint 
effusion model demonstrates that quadriceps inhibition occurs 
in the absence of pain. 17 - 38 In previous work, mean pain scores 
after knee joint effusion were 1.18 ± 0.82 out of 78 possible 
points using the McGill pain questionnaire. 2 "Tight" was one 
of the McGill pain questionnaire terms that could be selected 
to describe pain and was the term chosen most often. 2 These 
data were collected after the injection of saline at each H-reflex 
measurement. They were not representative of the injection 
itself, only the effusion created by the injection. The knee 
effusion model allows for "mechanical" inhibition of the 
quadriceps in the absence of pain. Pain can be a difficult var 
iable to quantify and interpret in studying joint injury. There 
fore, this model reduces any variability that may be associated 
with pain.

The postinjection measurement from the control and cryo- 
therapy groups demonstrated an excitatory trend in the cryo- 
therapy and control groups (Figure 2). The TENS group did 
not display this same effect. While these data seemed to be 
inconsistent, occurring in fewer than half of the volunteers, 
they are worthy of explanation. The volunteers who showed 
this increased measurement after injection of saline into the 
knee joint seemed the most anxious and nervous about the 
injection. This nervousness or anxiety could result in an in 
creased H-reflex measurement. A sympathetic response, trig 
gered by hypothalamic stimulation, would include such phys 
iologic effects as increased heart rate, increased heart 
contractility, increased blood flow to somatic muscles, sweat, 
pupil dilation, and increased salivary secretion.46 '47 These 
physiologic reactions could easily increase the variability in 
the measurement. The only explanation as to why the TENS 
group postinjection measurement did not increase compared 
with the other groups is that those randomly assigned subjects 
may not have been as anxious or nervous about the injection 
of saline.

Data from the TENS group showed no change from the 
preinjection measurement over time (Figure 2). TENS de 
creased the amount of inhibition resulting from knee effusion 
(disinhibition) during and shortly after the treatment (15-, 30-, 
and 45-minute intervals). Clinical evidence supports a small 
increase in voluntary activation of the quadriceps from TENS 
after ACL reconstruction and meniscectomy. 30 While TENS 
disinhibited the quadriceps motoneuron pool during the treat 
ment phase (Figure 2), it seemed to become less effective after 
treatment. This is evident by the downward trend at 45 and 
60 minutes. The mechanism by which TENS reduces inhibi 
tion caused by joint effusion is not known. Because it caused 
measurements to return only to baseline levels, and it resulted 
in disinhibition during the treatment followed by an inhibitory 
trend, it seems likely that TENS primarily affects inhibition 
by having a direct effect on the interneuron that mediates the 
process. Afferent activity from TENS may result in inhibition 
of the Ib inhibitory interneuron. TENS could also cause ex

citation of the la excitatory interneuron, resulting in an excit 
atory potential at the motoneuron pool. Lastly, TENS could 
stimulate supraspinal centers to negate the effects of AMI 
through descending inhibitory fibers synapsing on the Ib in 
terneuron. Each of these explanations is a possible mechanism 
for TENS-induced disinhibition of the VM after knee joint 
effusion. More data are needed to determine the exact mech 
anism.

Placing ice on an effused knee resulted not only in disin 
hibition but facilitation of the motoneuron pool beyond base 
line measures (Figure 2). This facilitation continued for up to 
30 minutes even after the ice was removed, a finding supported 
by data previously collected in our laboratory on healthy sub 
jects.48 Cooling has a slowing effect on nerve conduction ve 
locity of sensory afferent fibers. 22 Cooling also slows the dis 
charge rate of mechanoreceptors in muscle. 49 Joint 
mechanoreceptors should react to cooling in the same way. 
Several authors50"52 have shown a decrease in intra-articular 
temperature during application of ice. Oosterveld et al 52 re 
ported a decrease of 9.4°C in intra-articular temperature after 
a 30-minute application of chipped ice. They noted that even 
though the ice was removed at 30 minutes, intra-articular tem 
peratures continued to decrease for up to 45 minutes. A de 
crease in nerve conduction velocity and a slowing in discharge 
rate of joint mechanoreceptors would result in less information 
being delivered to the spinal cord in a given period of time, 
and therefore, a decrease in inhibition.

Since cryotherapy stimulates cutaneous receptors, including 
mechanoreceptors (pressure) and thermoreceptors, these recep 
tors may play a role in facilitating the quadriceps motoneuron 
pool. Quickly adapting mechanoreceptors excite the la inter- 
neurons, resulting in excitation of the quadriceps motoneuron 
pool. 19 This mechanism would counteract inhibition mediated 
through the Ib interneurons. Perhaps large amounts of infor 
mation reaching the spinal cord from several different sensory 
receptors, stimulated by the effusion and the ice, create an 
environment in which supraspinal centers intercede. Addition 
ally, since the quadriceps motoneuron pool was facilitated be 
yond the baseline measurement, supraspinal activity is likely 
involved. A decrease in inhibition would return H-reflex val 
ues to a baseline (preinjection) level. Measurements above the 
baseline level must be modulated by factors outside the re 
flexive loop.

Supraspinal pathways generally modulate spinal reflexes.47 
In other words, reflexive activity produced from afferent traffic 
is reduced by supraspinal pathways to allow for controlled 
movement.47 Perhaps this tonic activity is reduced during 
cryotherapy treatment, allowing for less supraspinal control 
over reflexive activity. Cervero et al53 discussed a descending 
tonic spinal inhibition that occurs as a mechanism limiting the 
amount of motoneuron inhibition caused by trivial environ 
mental stimulation of cutaneous and subcutaneous mechano 
receptors. This idea is contrary to that discussed previously. 
They reported that, during joint injury, descending tonic spinal 
inhibition is reduced, allowing for increased AMI. 53 In this 
case, since descending tonic spinal inhibition is thought to be 
initiated by environmental factors, ice could increase this pro 
cess, thereby decreasing AMI. Further study is needed to better 
understand the supraspinal influences and the process by 
which ice facilitates motoneuron recruitment within the VM 
motoneuron pool.

Clinical observation provides support for cryotherapeutic 
facilitation of the motoneuron pool. During cryokinetics, in-
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jured athletes seem able to perform exercises that were not 
possible before a cryotherapy treatment. Knight22 attributed 
this finding to a decrease in residual pain from the injury. 
However, these data show that changes to the motoneuron pool 
take place after knee effusion and cryotherapy treatment, and 
previous work suggested that this model facilitates the process 
in the absence of pain. 2 Ice has a direct effect on diminishing 
AMI, not just pain.

The results of studies investigating the effects of cryother 
apy on strength vary, with studies showing increased,54'55 de 
creased,25 '27 and unchanged56 '57 force production. These de 
creases in strength after cryotherapy were a product of cooling 
muscle, not the joint. Ruiz et al27 reported that isokinetic con 
centric and eccentric strength decreased immediately after 
cryotherapy treatment. However, there were no decreases in 
concentric strength at 20 and 40 minutes post-treatment. The 
differences reported in strength measurements after cooling 
were a product of variability in the type of measurement and 
the times and temperatures at which the measurements were 
taken. Additionally, each of these studies was conducted using 
healthy subjects. A population with abnormal joints may re 
spond differently.

Functional measures of motor activity may decrease25 or be 
unaffected28 by cryotherapy. Cross et al25 reported that vertical 
jump decreased and shuttle run times increased immediately 
after ice immersion (foot and ankle). However, vertical jump 
was decreased by 1.1 cm and shuttle run times increased by 
0.2 seconds. These small changes could have been due to a 
number of factors, including the temporary stiffness often ex 
perienced immediately after ice immersion. 22 Our data suggest 
that recruitment within the motoneuron pool increases during 
and immediately after joint cooling and continues to increase 
during the post-treatment phase. Knee extensor torque decreas 
es after knee effusion, 14 - 39 which corresponds to our H-reflex 
measures in the control group. However, this is not a direct 
indication that a more functional measure of motoneuron pool 
recruitment would increase with cryotherapy, TENS treat 
ments, or both. Further study is needed to determine if H- 
reflex measurement changes correspond to functional changes 
in force output over the same period of time in injured sub 
jects.

Since cooling the skin may affect the electrical conductance 
properties of the tissue, it was necessary to measure surface 
temperatures at the site of the recording EMG electrodes to 
maintain the integrity of our measurement (Figure 3). Tem 
peratures at the EMG electrode sites remained constant 
throughout the treatment (15 minutes, 31.52 ± 1.79°C, and 30 
minutes, 31.49 ± 1.80°C) and post-treatment periods (45 min 
utes, 31.23 ± 1.84°C, and 60 minutes, 31.44 ± 1.69°C). Knee 
surface temperature measurements were also collected, show 
ing a normal22 decline in temperature during the cooling phase 
and a rise in temperature during the post-treatment phase. With 
these data, we are confident that cooling the knee did not affect 
our measurements from the VM.

More than 53% of the screened subjects were excluded be 
cause we could not measure a maximum H reflex. A stimulator 
that produces a high voltage stimulus (100 to 200 V) with a 
pulse duration of at least 1.0 milliseconds would be ideal for 
the H-reflex measurement. Because our stimulator could only 
produce a pulse duration of 0.3 milliseconds at that intensity, 
we were unable to measure a maximum H reflex before the 
stimulator reached its maximum intensity. Larger amounts of 
subcutaneous fat in some subjects also made it difficult to

obtain a stimulus intensity great enough to elicit a maximum 
H-reflex measurement.

In conclusion, the knee joint effusion model allows for in 
vestigation of neuromuscular changes associated with joint in 
jury. The quadriceps motoneuron pool is inhibited in the ab 
sence of muscular injury or pain. Cryotherapy and TENS 
effectively disinhibit the quadriceps motoneuron pool after 
knee joint effusion, and cryotherapy further facilitates the mo 
toneuron pool. Reduction of AMI by these therapeutic mo 
dalities may permit earlier activation of musculature during 
joint rehabilitation, allowing for active exercise and its positive 
effects on healing and the rehabilitation process. Further work 
will allow us to determine if a reduction in AMI allows the 
injured athlete to return to competition faster and with less 
susceptibility to further injury.
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Objective: To determine the temporal pattern of the repeated 
bout effect of eccentric exercise on perceived pain and mus 
cular tenderness associated with delayed-onset muscle sore 
ness (DOMS).

Design and Setting: Subjects completed 2 identical eccen 
tric exercise bouts separated by 6, 7, 8, or 9 weeks. The ex 
periment was conducted in a biokinetics research laboratory.

Subjects: Sixteen male and 15 female untrained subjects 
(age = 24.59 ± 4.42 years, height = 171.71 ± 7.81 cm, 
weight = 73.00 ± 11.20 kg).

Measurements: Two physiologic characteristics of DOMS 
were measured immediately before and 0, 24, 48, and 72 hours 
after each eccentric exercise bout. Perceived pain was mea 
sured using a visual analog scale (VAS), and muscular tender 
ness was measured using a punctate tenderness gauge (PTG).

Results: Two 4x2x5 (group x bout x time) analyses of 
variance with repeated measures on the bout and time factors

were performed on the VAS and PTG data. Significant (P < 
.05) main effects were found for group, bout, and time for the 
VAS and the PTG data. No significant interactions were de 
tected. Post hoc analysis revealed significantly less perceived 
pain for the 9-week group than the 8-week group. The 7-week 
group had significantly less and the 8-week group had signifi 
cantly more muscular tenderness than any other group. Per 
ceived pain and muscular tenderness were significantly less af 
ter exercise bout 2 than after exercise bout 1. All subjects had 
significantly less perceived pain and muscular tenderness pre- 
exercise than 0 and 24 hours after the eccentric exercise bouts.

Conclusions: An effective prophylaxis for perceived pain 
and muscular tenderness associated with DOMS is the perfor 
mance of an eccentric exercise bout 6 to 9 weeks before a 
similar exercise bout.

Key Words: musculoskeletal injury, eccentric exercise, re 
peated bout effect, visual analog scale

D elayed-onset muscle soreness (DOMS) affects most 
active people at some point in their lives. DOMS is a 
common ailment that in many cases impedes an ath 

lete's performance. As part of a muscle tissue damage contin 
uum, DOMS represents a limited form of muscle tissue dam 
age that, on a larger scale, involves the entire functional mus 
cle unit. 1 - 2 DOMS presents with a dull, aching pain that 
develops 24 to 48 hours after a novel or unaccustomed exer 
cise bout. The pain typically peaks between 24 and 72 hours 
postexercise when the muscles are tender and swollen. 3"5 The 
severity and distribution of pain associated with DOMS are 
related to the intensity, duration, and type of exercise per 
formed.6 - 7 DOMS is primarily associated with eccentric ex 
ercise or passive lengthening of a contracted muscle. 6 - 7 The 
deleterious effects of DOMS are well documented, 1 " 11 yet 
there is no standard treatment or prophylaxis for the condition. 

The effects of DOMS are alleviated when a soreness-pro 
ducing exercise bout is preceded by a similar soreness-pro

ducing exercise bout. 8 - 12" 15 An adaptive response to one or 
more bouts of eccentric exercise has been termed the repeated 
bout effect and appears to be the best known prophylaxis for 
DOMS. 8 - 12- 15 The time frame of the adaptation remains enig 
matic. Performance of a single eccentric exercise bout has 
been shown to reduce muscle soreness after a similar exercise 
bout up to 6 weeks8 - 15 but not beyond 9 weeks. 15 The extent 
of the diminished prophylactic response over time is still un 
known. Our purpose was to determine the temporal pattern of 
the repeated bout effect of eccentric exercise on perceived pain 
and muscular tenderness associated with DOMS when 2 iden 
tical exercise bouts were separated by 6, 7, 8, or 9 weeks.

METHODS

Research Design
The study consisted of 3 independent variables and 2 de 

pendent variables. Independent variables were exercise group
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Subjects' Age, Height, and Weight by the 6-, 7-, 8-, and 9-Week 
Groups (Mean ± SD)

Group

6-week
7-week
8-week
9-week

(n
(n
(n
(n

= 7)
= 8)
= 8)
= 8)

Age (y)

23.86
23.38
25.75
25.38

± 5.61
± 1.92
± 7.21
± 2.92

Height (cm)

171.63 ±
175.80 ±
167.96 ±
171.45 ±

8.15
9.36
8.84
4.90

Weight

75.43 ±
80.29 ±
65.13 ±
71.16 ±

(kg)
11.90
14.59
7.44
10.93

(6 weeks, 7 weeks, 8 weeks, or 9 weeks), bout (exercise bout 
1 or 2), and time (immediately before or 0, 24, 48, or 72 hours 
after exercise). Dependent variables were perceived pain as 
measured via a visual analog scale (VAS) and muscular ten 
derness as measured via a punctate tenderness gauge (PTG). 
The study was conducted at the Temple University Biokinetics 
Research Laboratory.

Subjects
Sixteen male and 15 female Temple University students vol 

unteered to participate in the study. Subjects' mean age was 
24.59 ± 4.42 years, height was 171.71 ± 7.81 cm, and weight 
was 73.00 ± 11.20 kg (Table). Subjects were screened and 
admitted for study participation based on the absence of cur 
rent upper body weight training, upper extremity injury within 
one year of the study, and predisposing cardiovascular or car- 
diorespiratory conditions. Subjects were asked to refrain from 
performing upper body stretching and exercises, treating the 
affected arm, and taking anti-inflammatory medications during 
the data collection periods. One subject did not return to com 
plete the second exercise bout and was dropped from the 
study. In accordance with the Temple University Institutional 
Review Board, which approved the study, appropriate subject 
consent was obtained before data collection.

Instrumentation and Equipment
Isokinetic Dynamometer. The Biodex B-2000 isokinetic 

dynamometer (Biodex Medical Systems, Shirley, NY), was 
used to perform the exercise bouts, which consisted of eccen 
tric contractions of the wrist extensor muscles of the subject's 
nonwriting forearm. The dynamometer was calibrated by the 
primary investigator at the beginning of each data collection 
session according to the manufacturer's guidelines. Mechanical 
reliability is 1.0 for eccentric peak torque, average power, and 
total work, and physiologic reliability ranges from 0.94 to 0.99 
for eccentric peak torque, average power, and total work of 
the quadriceps and hamstrings muscle groups. 16

Visual Analog Scale. A variation of the VAS developed by 
Melzak 17 was used to quantify the general level of soreness 
of the subjects. The VAS consists of a 10-cm line, with no 
soreness on the left end of the line and extreme soreness on 
the right end of the line. Subjects were asked to place a slash 
mark on the line according to the general level of perceived 
soreness at the time of assessment. A blank scale was used 
each time to avoid bias from preceding measurements. 18 The 
slash mark was measured from the left end of the line to the 
nearest 0.1 cm. Scores were recorded as a value between no 
soreness (0) and extremely sore (10). The VAS is easily and 
quickly administered 19 and has been used as a reliable mea 
surement for determining the intensity of human pain. 17 ' 19"21

Punctate Tenderness Gauge. Newham et al6 - 14 '22"24 de 
veloped a method to measure tenderness upon palpation using

a variation of the PTG. The PTG (Technical Products Co, 
Caldwell, NJ) used in this study consists of a 2-mm hemi 
spheric metal probe attached to a strain gauge. A plastic grid 
with holes at 10 evenly spaced sites was placed over the sub 
ject's experimental forearm with the elbow flexed to 90° and 
the forearm fully pronated. The proximal end of the grid was 
placed snugly in the subject's cubital fossa, with the corners 
of the grid positioned over the medial and lateral humeral epi- 
condyles and secured with self-adhesive strips. The PTG was 
inserted into each hole and depressed until the subject reported 
that the sensation of pressure changed to discomfort or pain. 
The criterion measure was the amount of pressure required to 
elicit the response and was recorded in pounds of pressure. 
Muscular tenderness, as measured using the PTG, and pounds 
of pressure are inversely related (ie, the more muscular ten 
derness, the less pressure required to elicit a response). This 
method of PTG application is comparable with weights trace 
able to the National Bureau of Standards (r = .99, intraclass 
correlation coefficient [2,1] = .98 Ib; standard error of the 
mean = .03 Ib) (D. C. Meserlian, unpublished data, 1987 to 
1991).

Data Collection
Group Assignment and Pre-Exercise Measurements.

Each subject was randomly assigned to one of 4 exercise 
groups: 6 weeks, 7 weeks, 8 weeks, or 9 weeks. The 6-week 
group performed the second exercise bout 6 weeks after the 
initial exercise bout, while the 7-, 8-, and 9-week groups per 
formed the second exercise bout 7, 8, or 9 weeks after the 
initial exercise bout, respectively. The VAS and PTG were 
administered before the exercise bout.

Exercise Positioning and Stabilization. Subjects were 
seated upright on the dynamometer accessory chair with the 
experimental (nonwriting) forearm on the padded armrest, 
which was positioned immediately proximal to the ulnar sty- 
loid process. The forearm was fully pronated and the trique- 
trum was aligned with the dynamometer axis. The elbow was 
flexed to 90° with the forearm positioned in the horizontal 
plane. 25 The start position was verified goniometrically by the 
primary investigator, who performed all goniometric measure 
ments (intratester reliability, r > .81). Straps were positioned 
across the subject's pelvis, chest, and forearm to ensure sta 
bilization of the arm and elbow during exercise. A folded tow 
el was placed in the axilla to facilitate the adducted position 
and to allow for greater arm and elbow stabilization. Range- 
of-motion limits were set by the investigator at 60° of exten 
sion and 70° of flexion with 10% range limits in each direc 
tion. 26

Exercise Bout 1. Standardized instructions were read to 
each subject before the warm-up and exercise bouts. The 
warm-up consisted of 5 submaximal and 4 maximal eccentric 
repetitions, followed by exercise bout 1 , which consisted of 5 
sets of 50 maximal eccentric repetitions of the wrist extensor 
muscles with a 60-second rest period between sets. The dy 
namometer was set in the passive mode to allow the subject 
to actively resist wrist flexion, producing eccentric tension. 
After the exercise bout, the subject was instructed to relax and 
allow the dynamometer to return the wrist to the extended 
starting position to eliminate concentric work. Total work as 
a relative measure of muscular effort for the exercise protocol 
was determined from the computer output and recorded upon 
completion of the initial exercise bout.
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Figure 1. Average perceived pain (cm) for 6-, 7-, 8-, and 9-week 
groups. *Significantly less perceived pain (P < .05) was found for 
the 9-week group than for the 8-week group.

Visual analog scale and PTG tests were administered im 
mediately after exercise bout 1. Subjects were reminded not 
to massage, stretch, or treat the exercised arm in any way and 
to refrain from taking anti-inflammatory medications for 3 
days postexercise. Subjects returned to the laboratory 24, 48, 
and 72 hours postexercise for follow-up VAS and PTG ad 
ministrations. Once the 3 days of follow-up data were ob 
tained, the subjects were scheduled to return to the laboratory 
6, 7, 8, or 9 weeks after the initial exercise bout, depending 
on group assignment.

Exercise Bout 2. Subjects returned to the laboratory for 
exercise bout 2 after the assigned number of weeks. The VAS 
and PTG were administered, and then subjects were posi 
tioned, stabilized, and exercised as they had been for exercise 
bout 1. Exercise bout 2 was terminated when the subject had 
produced the same total work as that of exercise bout 1. Total 
work output for each subject during exercise bout 2 duplicated 
the total work recorded for exercise bout 1. The VAS and PTG 
were administered immediately upon completion of the exer 
cise bout and 24, 48, and 72 hours postexercise.

Data Analysis
Two 4X2X5 (group X bout X time) analyses of variance 

with repeated measures on the bout and time factors were per 
formed on the VAS and PTG data. The Biomedical Data Pro 
gram Statistical Software (University of California Press, 
Berkeley, CA)27 was used for data analyses. We performed 
Tukey HSD post hoc tests28 to determine where the significant 
differences occurred. The alpha level was set at P < .05, and 
all hypothesis testing was completed in the null form.

RESULTS
Significant main effects were found for group, bout, and 

time for the VAS and PTG (Figures 1 and 2). No significant 
interactions existed. Post hoc analysis revealed that the 9-week 
group had significantly less perceived pain (F327 = 3.12, 
P < .05) than the 8-week group as measured via the VAS 
(Figure 1). Significantly less perceived pain (F 1>3 = 5.18, 
P < .05) was found after exercise bout 2 than after exercise 
bout 1 as measured via the VAS (Figure 2). The time data 
revealed significantly less perceived pain (F4>12 — 28.39, P <
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Figure 2. Average perceived pain (cm) at exercise bouts 1 and 2. 
*Significantly less perceived pain (P < .05) was found for exercise 
bout 2 than for exercise bout 1.
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Figure 3. Average perceived pain (cm) at pre-exercise and 0, 24, 
48, and 72 hours. *Significantly less perceived pain (P < .01) was 
found at pre-exercise than at the 0- and 24-hour tests.

.01) for the pre-exercise test than for the 0-hour and 24-hour 
tests as measured via the VAS (Figure 3).

Post hoc analysis of the PTG data revealed that the 7-week 
group had significantly less and the 8-week group had signif 
icantly more muscular tenderness (F3>27 = 3.35, P < .05) than 
any other group (Figure 4). Significantly less muscular ten 
derness (F L 3 = 62.49, P < .01) was found after exercise bout 
2 than after exercise bout 1 as measured via the PTG (Figure 
5). Significantly less muscular tenderness (F4 12 = 7.47, P < 
.01) was found for the pre-exercise test than for the 0-hour 
and 24-hour tests (Figure 6).

DISCUSSION
The expected temporal pattern of DOMS during the 72 

hours immediately after the exercise bout is consistent with 
observations of others. 8 ' 11 ' 29"32 Perceived pain and muscle 
tenderness were both significantly greater than baseline val 
ues at 24 and 48 hours after the exercise bout, 11 ' 32 with the 
DOMS resolving by 72 hours (Figures 2 and 5). The acute 
postexercise discomfort associated with DOMS was most 
likely due to structural23 '24'33 - 34 and biochemical chang 
es. 35 ' 36"38 Mechanical forces associated with the intense ec 
centric exercise bout of the present study likely damaged 
muscle proteins and connective tissue, leading to edema and 
an inflammatory reaction that caused secondary biochemical 
damage. 37 - 39 Several mechanisms may be responsible for the
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adaptive effect observable 6 to 10 weeks after an eccentric 
exercise perturbation. Healing is usually observable by 72 
hours after tissue injury, 37 which may be responsible, in part, 
for the decreases in both perceived pain and muscle tender 
ness. The formation of protective proteins such as desmin or 
titin during healing37 ' 39 may have been responsible for the 
attenuation of DOMS after the second exercise bout8 ' 15 (Fig 
ures 1 and 4). Collagen deposition in the myotendinous junc 
tion and perimysial areas during maturation and remodeling 
would increase the strength of connective tissue surrounding 
the myofiber, providing an additional protective effect. 33 Fi 
nally, repair of the sarcoplasmic reticulum and sarcolemma, 
increasing their resistance to damage, would further reduce 
the calcium-mediated damage and efflux of intramuscular 
proteins after an eccentric exercise bout. 15

We expected progressively higher levels of perceived pain 
and muscular tenderness when an exercise bout was repeated
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Figure 6. Average muscular tenderness (pounds of pressure) at 
pre-exercise and 0, 24, 48, and 72 hours. *Significantly less mus 
cular tenderness (P < .01) was found at pre-exercise than at the 
0- and 24-hour tests. Note: values are inversely related to muscular 
tenderness.

after 6, 7, 8, and 9 weeks. Group data in the present study 
revealed differences in the magnitude of the average perceived 
pain and muscular tenderness incurred by the subjects. Sig 
nificantly less perceived pain was found for the 9-week group 
than for the 8-week group (Figure 1). While randomization of 
subject group assignment would have negated individual var 
iations in the exercise bout response, the relatively small sam 
ple size may account for the unexpected results in perceived 
pain and muscular tenderness of the 7- and 8-week groups.

The exercise bout data in our study were consistent with 
the expected outcome. Regardless of group, less perceived 
pain and muscular tenderness occurred after exercise bout 2 
than after exercise bout 1. Similarly, Byrnes et al 8 found that 
repeating a bout of downhill running after 3 and 6 weeks 
resulted in significantly less perceived soreness for the sec 
ond exercise bout when compared with the first exercise bout. 
After 9 weeks, perceived soreness ratings for the second ex 
ercise bout exceeded those for the first exercise bout. The 
downhill running was performed at a variable treadmill speed 
with a constant heart rate (170 beats per minute) and constant 
duration (45 minutes) for each subject. Nosaka et al 15 also 
found significantly less perceived muscle soreness when an 
eccentric exercise bout using the elbow flexors was repeated 
after 6 weeks. No significant decrements in perceived sore 
ness ratings were found when the second exercise bout was 
performed 10 weeks after the first exercise bout. A similar 
constant workload was performed during each of the eccen 
tric exercise bouts of the elbow flexors. Additionally, New- 
ham et al 14 found progressively more soreness when eccen 
tric exercise bouts of the elbow flexors were repeated every 
2 weeks for 6 weeks. Elbow flexors were exercised at a con 
stant workload for all exercise bouts. We used the wrist ex 
tensor muscles because these were not eccentrically trained, 
were used minimally in activities of daily living, and would 
not incapacitate the subject with pain and reduced function. 
The relative workload was designed to exactly duplicate the 
amount of tension produced by the muscles and was mea 
sured by the isokinetic dynamometer for each exercise bout 
for each subject.
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CONCLUSIONS
Perceived pain and muscular tenderness associated with an 

eccentric exercise perturbation can be reduced by performing 
similar exercise 6, 7, 8, or 9 weeks before beginning an ex 
ercise program. Most individuals engaging in physical activity 
will experience DOMS at some point in their lives. Clinically, 
exercise and rehabilitation program noncompliance are often 
attributed to the discomfort associated with DOMS. Perfor 
mance of an eccentric exercise bout up to 9 weeks before 
beginning an exercise program can reduce delayed postexer- 
cise muscle pain and tenderness. Preseason conditioning may 
begin up to 2 months before intense physical activity, resulting 
in reduced delayed muscle pain and tenderness during the first 
weeks of a competitive sports season. Reduced muscle pain, 
tenderness, stiffness, and weakness associated with DOMS 36 
may help improve performance and reduce injury due to un 
sound biomechanical compensations37 early in a competitive 
sports season. Sports medicine personnel must emphasize the 
importance of the prophylactic benefits of the repeated bout 
effect on DOMS to individuals who are involved in novel or 
unaccustomed physical activity. Further research is needed to 
determine other methods of reducing the severity of the signs 
and symptoms associated with DOMS.
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Objective: To compare the effects of low-load, short-duration 
stretching with or without high-intensity, pulsed short-wave dia 
thermy on hamstring flexibility.

Design and Setting: We used a single-blind, repeated-mea 
sures design (pretest and posttest for all treatments) that in 
cluded a placebo. The 3 independent variables were treatment 
mode, pretest and posttest measurements, and day. Treatment 
mode had 3 levels: diathermy and stretching, stretching alone, 
and control. The dependent variable was range of motion. Sub 
jects were randomly assigned to the diathermy and stretching, 
stretching-only, or control group. Subjects were treated and 
tested each day (at approximately the same time) for 5 days, 
with a follow-up test administered 72 hours later. Hamstring 
flexibility was tested using a sit-and-reach box before and after 
each treatment. Diathermy and stretching subjects received a 
15-minute diathermy treatment on the right hamstring at a set 
ting of 7000 pulses per second, with an average pulse width of 
95 |xsec. Stretching-only subjects received a 15-minute sham 
diathermy treatment. Both diathermy and stretching and 
stretching-only subjects then performed three 30-second

stretches (short duration) before being retested. Control sub 
jects lay prone for 15 minutes before being retested.

Subjects: Thirty-seven healthy college students (11 men, 26 
women, age = 20.46 ± 1.74 years) volunteered.

Measurements: Hamstring flexibility was measured using a 
sit-and-reach box before and after each treatment.

Results: The average increases in hamstring flexibility over 
the 5 treatment days for the diathermy and stretching, stretch 
ing-only, and control groups were 6.06 cm (19.6%), 5.27 cm 
(19.7%), and 3.38 cm (10.4%), respectively. Three days later 
(after no treatment), the values for the diathermy and stretching, 
stretching-only, and control groups were 8.27 cm (26.7%), 6.83 
cm (25.3%), and 4.15 cm (14.2%), respectively. No significant 
differences in hamstring flexibility were noted among the 
groups.

Conclusions: Diathermy and short-duration stretching were 
no more effective than short-duration stretching alone at in 
creasing hamstring flexibility. The effects of diathermy with lon 
ger stretching times need to be researched.

Key Words: heat, stretch, injury treatment

H eat and stretching are often used by clinicians to in 
crease flexibility and restore lost range of motion. 1 "9 
Vigorous heating (>4°C over core temperature) in 

creases collagen tissue extensibility and decreases tissue vis 
cosity 10" 13 and tension. 11 High-intensity, pulsed short-wave 
diathermy can produce vigorous heating over large areas 14 
and, in so doing, induce muscle relaxation, 15 decrease muscle 
spasm, 13 and decrease joint stiffness. 13

Both isometric contraction (muscle contraction against a sta 
ble force that is followed by relaxation) and passive stretching 
increase joint range of motion. 1 Passive stretching, however, 
appears to be the safest and best stretching method2 because 
prestretch isometric contractions may promote lingering facil 
itation of the contracted muscles 16 and thus produce more ten 
sion and a greater risk of injury. 2

In animal studies, researchers discovered that stretching a 
tendon while it was being heated increased tendon length more

than stretching alone." Low-load, long-duration stretching 
performed once the tissues reached significantly elevated tem 
peratures, however, resulted in the greatest increases in resid 
ual tissue length 12 and produced the least amount of damage 17 
when compared with tissues stretched at lower temperatures 
with higher loads. 12 ' 17

Two groups of investigators3 '4 reported that deep heat (ul 
trasound) and low-load, long-duration stretching of human tri 
ceps surae muscle (dorsiflexion) resulted in small, short-term 
increases (1.2° to 3°) in flexibility. Their conclusions, however, 
are debatable due to the methods used: (1) the area treated 
with ultrasound was so large that deep heating probably did 
not occur,3 (2) there was no control for the stretching used,4 
and (3) the muscle studied was not necessarily tight, possibly 
possessing a significant range for improvement in flexibility. 3 -4

Once muscle has been vigorously heated with high-inten 
sity, pulsed short-wave diathermy, the intramuscular temper-
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ature remains vigorously heated for approximately 5 min 
utes. 14 We believe that stretching should be performed 
immediately after the diathermy treatment in order to effec 
tively increase tissue extensibility.

To date, no researchers have investigated the effects of using 
high-intensity, pulsed short-wave diathermy and passive 
stretching on improving flexibility. Our objective was to de 
termine if this method of heat and stretching would increase 
hamstring range of motion more than stretching alone in un 
injured subjects.

METHODS
We used a single-blind, 2X3X6 factorial design with re 

peated measures. The dependent variable was range of motion. 
The 3 independent variables were treatment mode, pretest and 
posttest measurements, and day. Treatment mode had 3 levels: 
diathermy and stretching, stretching alone, and control. Mea 
surements were taken for 6 days.

Subjects
Thirty-seven healthy, college students (11 men, 26 women, 

age — 20.46 ± 1.74 years) volunteered to participate. Subjects 
were excluded from the study if (1) their straight-leg, hip- 
flexion range of motion was greater than 100°, (2) they had a 
history of either hamstring or lower back injury, (3) they had 
metal pins, plates, or screws in the right femur, (4) they were 
or could possibly be pregnant, or (5) during the study, they 
reported any discomfort that the researchers deemed to be 
more than the normal sensation of stretched tissue. The study 
was approved by the university's institutional review board. 
All participants signed a consent form after being informed of 
the risks involved with participation. All participants contin 
ued their daily routine without altering their stretching or ex 
ercise habits throughout the course of the study.

Instruments
We used a Magnatherm SSP (International Medical Elec 

tronics, Ltd, Kansas City, MO) diathermy unit with an oper 
ating frequency of 27.12 MHz. The unit houses dual 200-cm2 
induction drum coil electrodes with 2-cm space plates. The 
unit was calibrated before the study.

A standard plastic goniometer (Fred Sammons Inc, Bissell 
Healthcare Corp, Brookfield, IL), marked in 1° increments, 
was used to initially screen subjects' straight-leg, hip-flexion 
range of motion. Hamstring range of motion was tested with 
a Figure Finder Flex-Tester sit-and-reach box (Novel Products 
Inc, Rockton, IL).

Procedures
We tested hamstring flexibility before and after each treat 

ment session using a sit-and-reach box equipped with a 5.08- 
cm (2-in) diameter tube at its base. Subjects sat barefoot with 
their legs under the ledge of the sit-and-reach box with the 
right (treatment) leg extended, the heel against the tube, and 
the left leg slightly bent (Figure 1). The right foot was plantar 
flexed (but relaxed) over the tube to remove any effect of 
triceps surae muscle tightness. Subjects then slowly stretched 
forward as far as the right leg would allow. The distance that 
the subjects' fingers reached along the sit-and-reach box was 
recorded. We used the best of 3 trials for statistical analysis.

Figure 1. Pretest and posttest measurements as measured by the 
sit-and-reach box.

Figure 2. Applied treatments (left to right): stretching only, control, 
diathermy and stretching.

Subjects lay prone on a treatment table with their feet off 
the end of the table for 15 minutes (Figure 2). One of 3 treat 
ments was then applied. Subjects in the diathermy and stretch 
ing group had their hamstrings dried with a towel to remove 
any sweat that might have accumulated on the area. The dia 
thermy drums were placed over the belly of the hamstrings 
and the posterior aspect of the distal hamstrings and muscu- 
lotendinous junction at the knee. We applied diathermy at a 
setting of 7000 pulses per second with an average pulse width 
of 95 (xsec. At the completion of the treatment, we turned off 
the diathermy unit.

The procedure for the stretching group was identical to that 
of the diathermy and stretching group; however, this diathermy 
unit caused no heating of the tissues. Before the study, we 
unhooked the power output leading to the diathermy drums. 
The lights turned on, but no heat entered the tissues, thus cre 
ating a sham diathermy treatment. Subjects in the control 
group simply lay prone on the treatment table (with the feet 
off the end of the table) for 15 minutes before being tested 
(Figure 2).

Immediately after the heat treatment, the diathermy and 
stretching and stretching-alone subjects performed three 30- 
second stretches. Subjects stood on the left foot (toe turned 
out laterally approximately 25° from midline) in front of a 
table 0.762 m (2.5 ft) high (Figure 3). The distance between 
the left foot and the table was measured by a tape measure 
fixed to the floor to ensure that all of the stretches were per 
formed identically. The subject placed the right leg on the

38 Volume 37 • Number 1 • March 2002



Table 1. Sit-and-Reach Measurements (Mean ± SD in cm)

Figure 3. Stretching the right hamstrings by moving the fingers 
along a fixed tape measure. Note right foot is plantar flexed 7.62 
cm (3 in) behind a 10.16-cm (4-in) ledge, and left foot is turned out 
laterally 25° from midline.

table with the heel fixed 7.62 cm (3 in) behind a 10.16-cm (4- 
in) ledge, so that the foot would remain in a relaxed but plan 
tar-flexed position (to eliminate any effect of triceps surae 
muscle tightness) (Figure 3). To stretch the hamstrings, the 
subject leaned forward over the right leg and extended the 
fingers as far as possible along a tape measure that was fixed 
to the table. The subject was instructed to continue the stretch 
for the allotted time, working the fingers farther along the tape 
measure while exhaling. The distance attained during each 30- 
second stretch was recorded.

The tape measure fixed to the table provided an objective 
measurement of the subject's stretches and ensured that the 
subject was working to increase the stretch. It also helped de 
termine if the subject was overstretching (ie, the subject was 
tighter on a subsequent day).

The first two 30-second stretches were followed by a 15- 
second rest, during which the subject lowered the right leg and 
stood erect. After the third 30-second stretch, hamstring flex 
ibility was tested again using the sit-and-reach box.

Statistical Analysis
We used a 2X3X6 repeated measures (pretest and posttest 

for all treatments) analysis of variance to identify differences 
in range of motion among groups (diathermy and stretching, 
stretching only, control), differences in range of motion among

Group

Day*

1
Pretest
Posttest

2
Pretest
Posttest

3
Pretest
Posttest

4
Pretest
Posttest

5
Pretest
Posttest

Diathermy and 
Stretching

31.1
35.3

33.1
36.7

34.6
38.5

35.9
39.1

37.1
40.3

± 6.4
± 6.0

± 5.9
± 5.8

± 5.8
± 5.4

± 5.3
± 4.9

± 5.4
± 5.2

Stretching 
Only

26.9 ±
30.0 ±

28.4 ±
31.8 ±

29.8 ±
33.1 ±

30.9 ±
34.2 ±

32.2 ±
35.1 ±

9.0
8.3

8.1
8.2

7.9
7.5

8.4
7.9

7.6
7.2

Control

28.9 ±
30.0 ±

29.9 ±
30.8 ±

29.9 ±
31.6 ±

31.7 ±
33.0 ±

31.8 ±
33.0 ±

7.7
8.5

7.3
6.5

7.0
7.0

6.8
6.4

6.3
6.2

Pretest 39.3 ± 5.6 33.8 ± 7.1 33.0 ± 6.4

*Both the diathermy and stretching and the stretching-only groups 
showed significant changes in range of motion each day within groups 
but no significant changes between groups.

days, and immediate treatment effects (comparing pretest and 
posttest measurements). To analyze the chronic, or carry-over, 
effects, we computed difference scores by subtracting the pre- 
treatment range-of-motion measurement for day 1 from the 
measurements for days 2 through 5 and day 8. These change 
scores were then analyzed for differences among days and 
treatment groups using a 3X5 repeated-measures analysis of 
variance. Follow-up tests for significant main effects and in 
teractions were performed using the Tukey procedure. Alpha 
levels were set at 0.05 for all comparisons.

RESULTS
The 3 groups began the study with slightly different but not 

statistically different amounts of hamstring range of motion as 
measured by the sit-and-reach box (Table 1). There was no 
difference among treatment groups (F2 , 34 = 2.36, P = .11) or 
interactions for day-by-group (F8 )36 = 1.2, P = .28), day-by- 
pretest or posttest (F4 136 = .525, P = .72), or day-by-pretest 
or posttest-by-group measurements (F8 , 36 = .405, P = .92). 
All of the subjects improved their flexibility over the 6-day 
test period (F4 136 = 42.6, P = .001). Immediate effects (pre 
test and posttest) (F 134 = 152.4, P = .001) and pretest or 
posttest-by-group interactions (F2i34 = 11.3, P = .001) were 
significant. Both the diathermy and stretching and stretching- 
alone groups had significantly greater immediate effects in 
range of motion than the control group; however, there was 
no difference between the diathermy and stretching and the 
stretching-alone groups (Tukey < .05).

There was a carry-over, or chronic, effect for days 
(F4,i36 = 47 -93, P = - 001 ) (Table 2 and Figure 4), but no 
difference among groups (F2i34 = 1.51, P = .24) or in day- 
by-group interaction (F8 ]36 = 1.63, P = .12). Days 4 through 
6 were different from days 2 and 3, and days 5 and 6 were 
different from day 4.

DISCUSSION
Our results support previous findings that stretching increas 

es flexibility. 1 '2 '6 -7 ' 16 Researchers in 2 studies determined that
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Table 2. Chronic Effects of Stretching (Change in Pretest from 
Day 1)

Group

Diathermy and 
Stretching* Stretching Only* Control

Day Diff (cm)f Change Diff (cm)f Change Diff (cm)t Change

2
3
4
5
8

2.0 ±
3.5 ±
4.9 ±
6.1 ±
8.3 ±

2.5
3.2
3.8
3.6
3.5

6.4
11.3
15.6
19.6
26.7

1.4 ±
2.9 ±
4.0 ±
5.3 ±
6.8 ±

3.3
4.6
6.3
5.5
5.4

5.2
10.8
14.9
19.7
25.3

1.
1.
2.
3,
4,

,0
.1
.9
.0
.1

-t-

-+-

±
4-

±

3.3
2.9
3.0
3.4
3.9

3.5
3.8

10.0
10.4
14.2

*Both the diathermy and stretching and the stretching-only groups 
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Figure 4. Residual effects (change in range of motion from day 1). 
Treatments were applied on days 1 through 5.

one 30-second stretch is effective for increasing hamstring 
range of motion.6 '7 Subjects in these studies stretched 5 times 
a week for 6 weeks. In another investigation, subjects per 
forming two 30-second static stretches daily over a 6-week 
period increased flexibility more than control subjects did. Our 
subjects who performed three 30-second stretches per day for 
5 days also increased in flexibility. Had we also continued our 
study for 6 weeks, we might have shown even greater increas 
es in flexibility.

Our results do not support previous reports that deep heat 
and stretching cause greater increases in flexibility than 
stretching alone in the short term. 3 -4 Warren et al 18 noted that 
the greatest increases in residual tissue length in rat-tail ten 
dons occurred when low-load, long-duration stretching was 
performed once the tissues had reached significantly elevated 
temperatures. 12 Tendon properties change under mechanical 
stress at temperatures greater than 37°C. 19 With increased tem 
peratures, the microstructure of collagen changes such that 
the stress-relaxation property increases (greater relaxation), 
which permits deformation when stretched. 19 When collagen 
is heated, it undergoes a number of thermal transitions. These 
transitions cause increased extensibility and allow plastic de 
formations of the tissue when it is stretched. 19 - 20 These stud 
ies, 10~ 12 - 18~21 however, were all performed on rat-tail, kanga

roo-tail, and beef tendon. The general assumption that heat 
and stretching is more effective than stretching alone at in 
creasing flexibility is based on these animal studies. 10~ 12 ' 18~21 
Controversy exists as to whether or not the conclusions from 
animal studies can be applied to humans.

Studies by Draper et al4 and Wessling et al3 support the 
results of the animal studies. Deep heat and stretching were 
more effective than stretching alone in increasing flexibility in 
the short term. The animal tendon data, therefore, may indeed 
be applicable to human muscle.

It is possible that our results are different from the Wes 
sling et al, 3 Draper et al,4 and animal studies because our 
subject groups varied slightly (although not statistically) in 
initial flexibility. The most flexible subjects were in the dia 
thermy and stretching group, while the tightest subjects were 
in the stretching-only group. "Looser" subjects have a great 
er resistance to stretching than "tighter" subjects. 22 Based 
on the findings of Magnusson et al,22 one might expect to 
find that the looser subjects would not increase in flexibility 
as much as the tighter subjects. In our study, however, the 
diathermy and stretching (looser) subjects increased in flex 
ibility by 26.7% over the 8-day test period, while the stretch 
ing-only (tighter) subjects increased in flexibility by only 
25.3%. Therefore, had initial flexibility among our subject 
groups been identical, the diathermy and stretching group 
may have increased in flexibility much more than the stretch 
ing-only group. In this case, our results may also lend support 
to the animal studies.

Men usually are not as flexible as women; thus, it is im 
portant to note that even though both sexes were studied, the 
groups were fairly equal in the ratio of men to women. Four 
men were in the diathermy and stretching group, 3 in the 
stretching-only group, and 4 in the control group.

Previous investigators 14'23 reported that a 15-minute dia 
thermy treatment at similar settings increased intramuscular 
temperature (3 cm deep) 4.58°C ± 0.87°C above baseline and 
maintained it in the vigorous heating range (4°C above base 
line) for 7.65 ± 4.96 minutes. 23 Perhaps there was a difference 
in heating by the diathermy units. Previous work was done 
with a Megapulse (Accelerated Care Plus, Sparks, NV); we 
used a Magnatherm SSP. We chose to use the Magnatherm 
SSP diathermy unit for 2 reasons. This unit has 2 drums and 
is thus able to heat a larger surface area. We also had 2 Mag 
natherm SSP diathermy units available for our use, so we were 
able to create a sham treatment for the stretching-only subjects 
by using this machine.

We were surprised that our treatment group results were 
not different from the control group results. In designing 
our study, we were interested in delineating the course of 
changes among our treatment groups, so we set up the con 
trol group to mirror the experimental groups except for the 
heating and stretching. We measured each of our subjects 6 
times per day on the sit-and-reach test (3 pretest measure 
ments and 3 posttest measurements). This method of testing 
hamstring flexibility stretched all of our subjects and in 
creased their flexibility. According to 2 groups of research 
ers, 24 - 25 increased flexibility is not due to increased elastic 
ity of the muscles but rather to an increased pain 
(stretching) tolerance. Apparently, performing 6 sit-and- 
reach tests each day for 5 days is effective in increasing 
one's stretch tolerance and flexibility.
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Limitations
The first limitation to our study involves the use of the sit- 

and-reach test to measure hamstring length. Past research has 
shown that the back-saver sit-and-reach test has good test- 
retest reliability (r = 0.90) and has compared favorably with 
the Leighton Flexometer (Leighton Flexometer, Inc, Spokane, 
WA) and goniometer measurements.26~28 Some researchers, 
however, argue that due to spinal and pelvic movement, the 
sit-and-reach test is not sensitive enough to isolate hamstring 
flexibility and have replaced it with the active knee-extension 
test.6 ' 7 '29-31

A second limitation of our study was the method of stretch 
ing. Our method of bending at the waist and reaching for the 
toes posteriorly rotates the pelvis. Researchers have shown that 
keeping the pelvis in anterior rotation, with a more upright 
position of the trunk, actually increases flexibility more than 
when stretching with the pelvis rotated posteriorly. 30

Another limitation is the duration of our stretch (3 stretches 
for 30 seconds each, daily for 1 week). After this study, we 
completed another study that used a 10-minute stretch during 
pulsed short-wave diathermy treatment daily for 3 weeks. The 
group with diathermy increased flexibility significantly more 
than the sham group.32 Apparently a heat and stretching rou 
tine is more effective when long-duration stretching is em 
ployed and repeated for longer than a week.

Another limitation involved our measuring the range of mo 
tion of the control group on a daily basis. We did not know 
that this short exercise would actually increase range of mo 
tion. We suggest that the control group should be tested only 
on the first and last day of the experiment to avoid the stretch 
ing and increased flexibility gained during the intermediate sit- 
and-reach measurements.

A last limitation is that we did not use a randomized-block 
design so that subjects were similar in initial flexibility. Sub 
jects in our diathermy and stretching group began with better 
hamstring flexibility than those in the stretching-only and con 
trol groups, leaving more room for improvement in the last 2 
groups. If all groups began with similar flexibility, our results 
might have been different.

CONCLUSIONS
In our study, flexibility increased in all of our subjects. Al 

though numerically different, the increases in flexibility be 
tween the diathermy and stretching, stretching-only, and con 
trol groups were not statistically significant. No group 
outperformed another.

Our study is important and adds to the knowledge base of 
athletic training. First, we have learned that the sit-and-reach 
test not only measures flexibility but also increases it, and as 
such, flexibility studies should not measure daily range of mo 
tion of a control group. Second, our results support previous 
research that stretching increases flexibility. Last, our findings 
do not support previous reports that deep heat applied before 
short-duration stretching caused greater increases in flexibility 
than stretching alone. Based upon subsequent studies, we sug 
gest that a heat and stretching regimen include low-load, long- 
duration stretches over a period of a few weeks.
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Objective: To compare the effects of 3 treatments on ankle 
dorsiflexion range of motion: prolonged long-duration stretch 
ing, pulsed shortwave diathermy followed by stretching, and 
pulsed shortwave diathermy, stretching, and ice combined.

Design and Setting: A 2 x 5 x 15 repeated-measures (on 
2 factors) design guided this study. Range-of-motion change in 
triceps surae flexibility was the dependent variable. The 3 in 
dependent variables were treatment group, pretest and posttest 
measurements, and day. Treatment group had 4 levels: control, 
stretching (10 minutes of stretching via the weight and pulley), 
diathermy and stretching (20 minutes of diathermy and 10 min 
utes of stretching), and diathermy, stretching, and ice (20 min 
utes of diathermy, 10 minutes of stretching applied after 15 min 
utes of diathermy, and 5 minutes of ice applied during the last 
5 minutes of stretching). Each subject received 14 treatments 
throughout 3 weeks, with a follow-up measurement taken 6 
days after the last treatment.

Subjects: Forty-four healthy college-student volunteers not 
involved in any flexibility program.

Measurements: We measured ankle dorsiflexion using a 
digital inclinometer before and after treatment.

Results: After 14 days of treatment, the range-of-motion in 
crease was greater after heat and stretching than after stretch 
ing alone. After 6 additional days of rest, the heat and stretching 
range-of-motion increase was greater than that for stretching 
alone.

Conclusion: Pulsed shortwave diathermy application before 
prolonged long-duration static stretching was more effective 
than stretching alone in increasing flexibility throughout 3 
weeks. After 14 treatments, prolonged long-duration stretching 
combined with pulsed shortwave diathermy followed by ice ap 
plication caused greater immediate and net range-of-motion in 
creases than prolonged long-duration stretching alone.

Key Words: ice, deep heating, flexibility

F lexibility programs are used clinically for their many 
benefits, including muscle relaxation, posture improve 
ment, body symmetry, relief of low-back pain, relief of 

muscle cramps and soreness, and injury prevention. 1 '2 To im 
prove the effects of stretching, combinations of heat and stretch 
ing have been used by clinicians in a variety of ways. 3"6 Deep 
vigorous heating in combination with stretching requires a 
temperature increase of more than 4°C over core temperature 
at a depth of 3 to 5 cm without damaging superficial tissue. 7 
Deep heating is thought to lessen nerve sensitivity, increase 
blood flow, increase tissue metabolism, decrease muscle spin 
dle sensitivity to stretch, cause muscle relaxation, and increase 
tissue flexibility. 7 It is assumed that, when used in conjunction 
with stretching, the benefits of deep vigorous heating allow 
greater tissue flexibility than stretching alone.

Researchers previously studied heat and stretching tech 
niques by using hot packs, whirlpools, and ultrasound as ther 
mal agents. Ice has been applied after stretching in an effort 
to cool tissues in their elongated state. 7 These studies on an 
imals and humans have produced mixed results. 3 '4 ' 7" 1 '

Pulsed shortwave diathermy is used for deep vigorous heat 
ing. 12 Used clinically, it heats tissue at depths of 3 to 5 cm by 
transferring energy into deep tissue through high-frequency 
current. 12 Tissue temperature is controlled by the length of 
application, with maximum increases of 4°C to 6°C. 12 Dia 
thermy heats large areas of muscle and, as such, may be more 
suitable than ultrasound for improving flexibility in large mus 
cles. 13

The purposes of our study were to compare the effects of 
combining pulsed shortwave diathermy, with or without ice, 
with prolonged long-duration calf stretching on (1) daily 
(short-term) changes in flexibility, (2) day-to-day (long-term) 
changes in flexibility, and (3) retention of flexibility 6 days 
after cessation of treatment.

METHODS
A 2 X 5 X 15 repeated-measures (on 2 factors) design 

guided this study. Triceps surae flexibility, measured by range- 
of-motion (ROM) change, was the dependent variable. The 3
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Figure 1. Bottom view of the weight and pulley used to apply a 
constant, low-load, prolonged stretch.

independent variables were treatment mode, pretest and post- 
test measurements, and day. Change in ROM was affected by 
one independent variable: the treatment mode. Treatment mode 
had 5 possible interventions, including control, control with 
measurements, stretching only, diathermy and stretching, and 
diathermy, stretching, and ice. Each independent variable was 
compared with the control group.

Subjects
Sixty healthy college students volunteered to participate and 

gave informed consent after being advised of their rights and 
risks of participation. Forty-four subjects (21 men, 23 women; 
age, 22.5 ± 2.0 years; height, 171.0 ± 9.0 cm; weight, 72.6 
± 12.8 kg) completed the study. We instructed subjects to 
continue their normal daily routine or exercise habits through 
out the study. We excluded subjects if they were involved in 
any flexibility or strength training for the calf, had a recent 
ankle injury or history of ankle injury that would be adversely 
affected by static stretching, had metal plates or screws in the 
right leg, were pregnant, or had any allergies to cold. The 
university institutional review board reviewed and approved 
this study.

Procedures
Subjects were randomly assigned to 1 of 5 groups: control 

1, control 2, stretching, heat and stretching, and heat, stretch 
ing, and ice. The control 2 group was not stretched and was 
measured twice: at the beginning and end of the study. Sub 
jects in the control 1, stretching, heat and stretching, and heat, 
stretching, and ice groups were stretched 14 times in 3 weeks, 
once daily except for weekends. In these latter 4 groups, ROM 
was measured before and after each treatment and 6 days after 
the last treatment. Subjects reported at the same time every 
day for their treatments and measurements.

We measured ankle position on a treatment table set up with 
a weight-and-pulley system so that constant tension could re 
peatedly be applied to the triceps surae (Figure 1). To place 
each subject in a consistent position for each measurement, 
the subjects lay prone on the treatment table, with their feet 
hanging over the edge. We placed reference marks, used to 
take measurements, with a permanent ink pen. The first mark 
was placed on the lateral side of the calf 10 cm proximal from 
the middle of the lateral malleolus. The second mark was 
placed on the posterior side of the calf, forming a line that 
connected the first and second reference points and was per-

Figure 2. A, We placed the inclinometer on the posterior part of the 
calf using the 10-cm mark as a reference point and then zeroed 
the inclinometer after the reading had stabilized. B, Once the in 
clinometer had stabilized and been zeroed, it was then placed on 
the plantar surface of the shoe, where a reference mark had been 
placed to ensure consistent positioning.

pendicular to the line connecting the lateral malleolus and the 
first reference mark. The third reference mark was placed on 
the flattest part of the plantar aspect of the heel of the subject's 
shoe. We secured the subject to the table with a strap to pre 
vent sliding due to the pull of the weights. Next, we applied 
the stretching to the subject's foot using a rope and pulley with 
approximately one third of the body weight attached. We in 
structed the subject to relax while we lined up the digital in 
clinometer with the first mark and allowed it to stabilize. Then 
we zeroed the device and moved it to the second reference 
point on the heel of the subject and allowed it to stabilize 
before taking the reading (Figure 2A and B). The elapsed time 
from applying tension until the measurement was recorded 
was less than 30 seconds.

The stretching group received a 10-minute static stretch on 
the table with the weight and pulley. We previously performed 
a pilot study to determine how much weight to apply. Our 
pilot study revealed that applying the same weight to subjects 
for 10 minutes was uncomfortable for some subjects and in 
effective for larger subjects. Using our pilot study data, we 
chose to apply approximately one third of the subject's body

44 Volume 37 • Number 1 • March 2002



Figure 3. Pulsed shortwave diathermy setup. We centered the dia 
thermy drum on the musculotendinous junction.

weight to the calf. The only time we strayed from this formula 
was when this weight was too difficult for the subject. Our 
procedure was similar to that of Wessling et al, 3 who applied 
a 23.1-kg load for 1 minute.

During treatment session 1 of the stretching, weight was 
adjusted in 5-lb (2.27-kg) increments until it was one third of 
the subject's body weight. If the subject could not tolerate this 
much weight, we decreased it until the subject could tolerate 
it while feeling a firm stretch of the triceps surae. By treatment 
2, subjects were being stretched for 10 minutes total, with 
approximately one third of their body weight applied by the 
pulley apparatus. The heat and stretching group received a 20- 
minute diathermy treatment while lying on the table. With the 
skin dried to remove excess moisture, the diathermy drum was 
placed over the musculotendinous junction of the triceps surae 
(Figure 3). The pulsed shortwave diathermy output was set at 
800 bursts per second, 400-microsecond burst duration, 800- 
microsecond interburst interval, with a peak root mean square 
amplitude of 150 W per burst and an average root mean square 
output of 48 W. 12 ' 13 At the 15-minute mark, we applied the 
stretching (one third of body weight) for 10 minutes. The heat, 
stretching, and ice treatment plan repeated the heat and stretch 
ing treatment plan except that at the end of 20 minutes of 
diathermy, a 1-kg ice bag was applied to the musculotendinous 
junction with an elastic wrap for 5 minutes.

Instruments
We used 2 Megapulse (Accelerated Care Plus, Sparks, NV) 

shortwave diathermy machines operating at a frequency of 
27.12 MHz. The units housed a 200-cm2 induction coil with 
an air space plate of 2 cm. The manufacturer calibrated both 
machines before we began our study.

We used a Dualer Electronic Inclinometer (Jtech Medical 
Industries, Heber City, UT) for all ankle measurements. The 
electronic inclinometer used eccentric encoding wheels that 
were accurate to ±1° and had a repeatability of ±1°. We fol 
lowed the manufacturer's instructions at all times to ensure 
accuracy. The measurement was reliable (r = 0.99; intraclass 
correlation coefficient [ICC] of the control pretreatment and 
posttreatment measurements).

The stretching equipment consisted of weights in 5- to 10-
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Figure 4. Pretreatment range-of-motion changes for all 5 groups 
on days 1 through 24.

Ib (2.27- to 4.54-kg) increments attached to 4 rope-and-pulley 
sets constructed by the researchers. All 4 sets applied equal 
tension on the subjects.

Statistical Analysis
We used the raw data in degrees to look at several differ 

ences. Pretreatment to posttreatment was the difference be 
tween the measurements taken before and after treatment each 
day. Days was the difference between the measurements taken 
before treatment each day. Group was the difference between 
the groups. We calculated the mean changes in ankle position 
from the 14 single-treatment sessions for the control 2, stretch 
ing, heat and stretching, and heat, stretching, and ice groups.

To test for main and interaction effects, we used a 2 X 5 
X 15 analysis of variance (ANOVA) (pretreatment to post- 
treatment, days, groups) with raw scores (a P < .05). Because 
there were interactions in the overall ANOVA, we performed 
a series of simple main-effects tests. We performed a 2 X 2 
ANOVA (control 1, control 2, first and last day) to see what 
effect taking measurements every day would have on ankle 
position. Because there was no difference, we eliminated con 
trol 2 from subsequent analysis. To measure the effect of our 
treatments, we performed a 4 X 15 ANOVA (groups, days) 
with pretreatment scores. To measure changes immediately af 
ter treatment, we performed a 4 X 14 ANOVA using the dif 
ferences between the pretreatment and posttreatment measure 
ments. We used a series of Scheffe post hoc tests to test for 
simple effects.

We performed further Scheffe post hoc testing to determine 
if individual comparisons were significant for the differences 
between groups and days using raw scores, change scores, and 
pretreatment to posttreatment scores. Using the same test, we 
compared the difference between pretreatment and posttreat 
ment on each day for each group and the pretreatment to post- 
treatment means of all groups.

RESULTS
Results are displayed in Figure 4. Ankle position in the 

control 1 and treatment groups was approximately 96° to 101° 
(or 6° to 11° beyond neutral) at the beginning of the experi 
ment and increased to 99° to 105° after the last treatment and 
98° to 107° after a week of no treatment (Table 1). The ROM 
was not different between the 2 control groups (F] 31 = 0.13, 
P = .72, power = 0.06), indicating that daily measurements
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Table 1. Ankle Position (Degrees; Mean ± SD)

Control 2 
(n = 8) Control

Day

1
2
3
4

— > 
7
8
9

10
11
— > 
14
15
16
17
18

Pretreatment Pretreatment

95.9 ± 3.4 96.9 ±
96.4 ±
95.3 ±
96.5 ±

98.0 ±
98.1 ±
98.3 ±
98.8 ±
99.3 ±

98.6 ±
98.1 ±
99.0 ±
99.1 ±
98.6 ±

6.9
6.7
6.0
5.9

5.2
5.5
4.2
5.4
4.7

5.9
5.7
5.6
5.0
5.4

(n = 8)

Posttreatment

96.6
96.5
95.8
96.9

98.0
98.3
98.8
98.9
99.4

98.5
98.3
99.1
99.3
98.9

± 6.6
± 6.3
± 6.0
± 5.3

± 5.4
± 5.5
± 3.8
± 5.2
± 4.7

± 5.9
± 5.6
± 5.6
± 5.1
± 6.1

Stretch (

Pretreatment

99.8
100.7
99.9

101.6

100.6
100.1
100.1
100.6
101.6

101.8
102.2
102.1
102.2
101.7

± 3.2
± 3.7
± 4.3
± 4.0

± 5.0
± 4.3
± 5.0
± 4.6
± 4.9

± 4.6
± 5.5
± 5.0
± 5.2
± 5.6

n = 11) Heat and Stretching (n = 8)

Posttreatment

101.6 ±
103.3 ±
102.5 ±
103.8 ±

103.9 ±
101.9 ±
102.3 ±
103.4 ±
104.4 ±

103.9 ±
104.7 ±
104.3 ±
105.1 ±
104.7 ±

4.0
4.0
4.8
3.7

3.7
4.3
4.0
3.6
4.1

4.2
4.8
4.8
4.6
4.4

Pretreatment

99.9
100.3

99.1
101.6

103.1
102.1
102.4
101.6
101.9

102.6
103.9
103.1
104.3
104.6

± 4.2
± 5.3
± 3.1
± 5.6

± 5.6
± 6.0
± 6.3
± 6.2
± 5.5

± 6.5
± 5.9
± 5.7
± 6.9
± 7.7

Posttreatment

102.4
102.8
100.0
104.5

104.4
105.1
105.4
106.0
105.9

105.8
106.6
107.5
107.4
108.0

± 5.3
± 6.5
± 2.6
± 5.9

± 6.5
± 6.0
± 6.4
± 5.4
± 5.9

± 5.7
± 6.5
± 7.5
± 6.4
± 7.1

Heat, Stretching, 
and Ice (n = 9)

Pretreatment

101.4
100.6
102.3
103.2

102.0
103.8
103.6
104.1
102.9

103.6
104.1
103.1
105.0
104.7

± 5.4
± 5.0
± 3.5
± 4.9

± 3.7
± 5.3
± 5.8
± 7.8
± 6.9

± 6.1
± 6.7
± 5.0
± 6.7
± 6.8

Posttreatment

104.1
103.9
104.2
106.2

105.3
105.6
106.2
107.9
107.0

107.7
107.7
108.0
108.2
108.4

± 5.3
± 5.1
± 3.1
± 5.4

± 5.1
± 5.9
± 6.6
± 7.4
± 5.6

± 6.3
± 6.8
± 5.4
± 5.6
± 6.0

24 97.5 ± 5.4 99.4 ± 5.4 104.0 ± 5.4 107.1 ± 8.1 106.3 ± 6.4

-> No treatment or measurements over the weekend. 
=> No treatment or measurements for 6 days.

in the first control group did not induce changes. Therefore, 
the control 2 group was eliminated from further analysis.

Overall, ankle position differed among groups (F3 37 = 
2.92, P = .049, power = 0.639, r\ 2 = .215), days (F 13>41~6 = 
16.03, P =. 001, power = 1.00, -q 2 = .334), and pretreatment 
to posttreatment (F, 416 = 163.63, P = .001, power = 1.00, 
T| 2 = .836). Also, the interactions among groups and days 
(F.19,416 = 1-48, P = .036, power - 0.994, T] 2 = .122), 
groups and pretreatment to posttreatment (F3 32 = 15.54, 
P — .001, power = 1.00, r\ 2 = .593), and days and pretreat 
ment to posttreatment (F 13i416 = 2.22, P = .008, power = 
0.962, r\2 = .065) were significant.

The immediate effects of treatment (pretreatment to post- 
treatment or intrasession ankle-position changes) were differ 
ent among groups (F332 = 15.54, P = .001, power = 1.00, 
-n. 2 = .593) and days"(Fi4,4i6 = 6.76, P = .008, power = 
1.00, r\ 2 — .334), but the interaction among groups and days 
was not significant. Daily changes in the control 1 group 
ranged from —0.25° to 0.30° per day, which was significantly 
less than those in the 3 treatment groups, which ranged from 
1.25° to 4.38° per day (stretching-alone average, 2.47°/d; heat 
and stretching average, 2.947d; heat, stretching, and ice av 
erage, 3.307d) (F3 ,33 = 15.5, P = .001, power = 1.00, -n. 2 = 
.593). There was no difference among the 3 treatment groups 
(Scheffe P > .05).

Net effects of treatment (cumulative, residual, or interses- 
sion ROM changes) were analyzed using pretreatment mea 
surements. There was a day-by-group interaction (F42 ,448 — 
1.43, P = .043, power - 0.995, -q 2 = . 118), so further analysis 
involved simple main-effects testing. Net ROM did not change 
in either the control or stretch groups (Scheffe P < .05) but 
was significantly different in the heat and stretching group 
between days 1 and 18 and in both the heat and stretching and 
heat, stretching, and ice groups between days 1 and 25.

Analysis of differences in net ROM among groups was 
complicated by differences in initial ankle position. Net ankle 
position on the first day was less in the control 1 group (96.9° 
± 6.9°) than in the 3 treatment groups (99.8° ± 3.2° to 101.4°

± 5.4°, Scheffe P < .05). Ideally, all groups would have the 
same ROM at the start. We computed change scores by sub 
tracting day 1 pretreatment scores from each subsequent day 
pretreatment score (Table 2) and used these change scores for 
analysis. There were no differences among groups (change 
scores) on days 1 through 17 (Scheffe P > .05). On days 18 
and 24, ROM changes were greater in the heat and stretching 
group (7.25° ± 4.5°) than in either the control 1 (2.5° ± 2.67°) 
or stretching (4.18° ± 2.82°; Scheffe P < .05) groups but not 
different than the heat, stretching, and ice group (4.89° ± 
3.22°, Scheffe P > .05).

DISCUSSION

Prolonged Stretching Defined
The terms short-duration stretching, 5 long-duration stretch- 

ing 5,6,14 ancj prolonged stretching1 have been used in the re 
search literature without specific definitions. We present the 
following definitions for our article and as a point of departure 
for discussion and debate concerning these terms.

• Short-duration stretching: lasts less than 1 minute
• Long-duration stretching: lasts longer than 1 minute
• Prolonged stretching: extends throughout several days 15

So the term prolonged stretching should be used only in 
combination with short or long duration, such as prolonged 
long-duration stretching.

We selected 1 minute as the demarcation between short du 
ration and long duration because previous researchers have 
tested stretches with durations of 15 seconds,5 30 seconds,5 60 
seconds,5 '6 120 seconds, 14 8 minutes, 16 10 minutes,7 and 3 sets 
of 5 minutes. 7 Readers should note that these are general de 
scriptors, and individual treatments should include the duration 
(seconds, minutes) of the stretching and the number of ses 
sions.

Using a heat-and-stretching regimen (with high-intensity,
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Table 2. Differences in Range of Motion From Day 1 (Degrees; Mean ± SD)

Day Control 2 Control

2
3
4

— >
7
8
9

10
11
— >
14
15
16
17
18

-0.50
-1.63
-0.38

1.13
1.25
1.38
1.88
2.38

1.75
1.25
2.13
2.25
1.75

± 2.78
± 3.02
± 2.72

± 3.18
± 2.96
± 3.16
± 1.96
± 2.97

± 2.60
± 2.43
± 2.53
± 2.71
± 2.25

Stretching

0.91
0.20
1.81

0.82
0.27
0.27
0.82
1.82

2.00
2.34
2.27
2.36
1.91

± 2.81
± 2.34
± 2.56

± 3.49
± 2.94
± 2.80
± 2.89
± 3.82

± 2.72
± 3.44
± 3.47
± 3.29
± 4.39

Heat and Stretching

0.38
-0.75

1.75

3.25
2.25
2.50
1.75
2.00

2.75
4.00
3.25
4.38
4.75

± 2.33
± 1.49
± 2.55

± 2.49
± 2.55
± 2.73
± 3.49
± 2.93

± 2.92
± 2.51
± 2.66
± 3.46
± 4.53

Heat, Stretching, and Ice

-0.89 ±
0.89 ±
1.78 ±

0.56 ±
2.33 ±
2.11 ±
2.67 ±
1.44 ±

2.11 ±
2.67 ±
1.56 ±
3.56 ±
3.22 ±

2.32
2.76
3.63

3.91
3.12
2.03
3.50
1.81

1.83
2.45
2.83
2.56
2.54

24 1.6 ± 2.34 2.50 ± 2.67 4.18 ± 2.82 7.25 ± 4.50 4.89 ± 3.22

No treatment or measurements over the weekend. 
No treatment or measurements for 6 days.

pulsed shortwave diathermy) for 3 weeks may result in greater 
changes in ROM than stretching alone. Our results concur with 
those of Lentell et al7 and Wessling et al3 while contradicting 
others 14' 17 (Table 3). Discrepancies among these studies may 
be the result of differences in any one or a combination of 
several variables: application of heat and the duration, inten 
sity, and frequency of stretching.

stretching.4 First, pulsed shortwave diathermy not only heats 
tissues to similar peak temperatures as ultrasound, but it heats 
a much larger area of tissue. 13 The Megapulse used in our 
study offered a heating area of 200 cm2 , whereas ultrasound 
heads are typically 3 to 10 cm2 . 13 Second, tissue heated with 
pulsed shortwave diathermy retains heat 3 times longer than 
that treated with ultrasound. 12

Application of Heat
Our results and those from other studies suggest that vig 

orous deep heating combined with prolonged long-duration 
stretching is more effective than prolonged long-duration 
stretching alone in increasing flexibility throughout 3 weeks. 18 
Several areas of research on human and animal subjects form 
the nucleus of this idea. Static stretching is an effective method 
for increasing flexibility. 8" 10 Animal tendon properties change 
when put under a static stretch at temperatures greater than 
37°C. 1CU1 This change in tendon properties allows for in 
creased extensibility and plastic deformation of the stretched 
tissue. 11 ' 18"22 Wessling et al3 and Lentell et al7 reported that 
vigorous heating combined with static stretching was more 
effective than stretching alone in human subjects; however, 
they heated tendon only, whereas we heated a combination of 
tendon and muscle tissue. It is possible that the net ROM gains 
came primarily from the increased tendon flexibility that re 
sults from vigorous heating and stretching as shown with an 
imal tendons. 18"22

Despite evidence supporting the heat and stretching theory, 
research has not been conclusive. Draper et al 17 reported no 
significant differences in immediate and net ROM between a 
heat and stretching group and a stretching-alone group. Draper 
et al4 reported that ROM was significantly greater in an ultra 
sound heat and stretching group than in a stretching group 
after 3 treatment sessions but not significantly different after 
9 treatment sessions. It is possible that the type of heating 
modality used and other factors, such as the intensity, duration, 
and frequency of stretch, may be responsible for these appar 
ent contradictions.

Pulsed shortwave diathermy appears to be a more appro 
priate modality than ultrasound for heating tissues before

Duration, Intensity, and Frequency of Stretching
We believe that a low-load, long-duration stretch in place 

of a high-load, brief stretch is required to take advantage of 
the responses of connective tissue under tensile deformation 
while being heated. Warren et al 10 reported that the greatest 
residual increases in rat-tail tendon ROM occurred after a low- 
load, long-duration static stretch was applied while the tissue 
was vigorously heated. Previous studies by Draper et al4 (20- 
second static stretch), Wessling et al 3 (1-minute static stretch), 
and Draper et al 17 (30-second static stretch) did not use a low- 
load, long-duration static stretch. All 3 sets of investigators 
used a large-force, short-duration static stretch. However, Len 
tell et al, 7 who used a low-load, long-duration stretch, reported 
that combining superficial heat and low-load, long-duration 
stretching resulted in significantly greater increases in ROM 
than low-load, long-duration stretching without preheating.

Little prior research has indicated how much weight to ap 
ply to the calf to create a low-load, long-duration stretch. Len 
tell et al7 applied 0.5% body weight to the subject's shoulder 
to increase external rotation ROM. Wessling et al 3 applied a 
23.1-kg load for 1 minute, using a method similar to ours. Our 
pilot study revealed that applying the same weight to subjects 
for 10 minutes was uncomfortable for some subjects and in 
effective for larger subjects. Using our pilot study data, we 
combined the previous 2 studies' methods and chose to apply 
approximately one third of the subject's body weight to the 
calf. The only time we strayed from this formula was when 
this weight was too difficult for the subject.

The time required to cause tensile deformation of tissue 
varies according to the type and duration of the force ap 
plied. 10 ' 11 A low-force stretching method requires more time 
to produce the same amount of elongation as a higher-force
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method; however, the proportion of tissue lengthening that re 
mains after tensile stress is removed is greater for the low- 
load, long-duration stretching method. 11 ' 17 Higher-force, short- 
duration stretching favors recoverable, elastic-tissue 
deformation, whereas low-load, long-duration stretching en 
hances permanent, plastic deformation. 10' 11 Sapega et al 18 
wrote that this principle does not necessarily rule out combin 
ing higher forces with a long duration of stretch, but in the 
clinical setting, high-force application has a greater risk of 
causing pain and possibly tissue rupture. In addition, labora 
tory studies 10 ' 1 ''29 indicated that when connective tissue struc 
tures are permanently elongated, some degree of mechanical 
weakening takes place, even though outright rupture does not 
occur. The amount of weakening depends on the manner and 
degree of tissue stretching. Of particular interest is that, for 
the same amount of tissue elongation, a high-force stretching 
method produces more structural weakening than a low-force, 
slower method. Apparently a low-load, long-duration static 
stretch is effective and safe. 10 ' 11 '20

Researchers3 '4 have reported that heat and stretching can 
cause significant ROM changes in human tissue after just one 
treatment. However, these studies involved high-load, short- 
duration stretching, and investigators did not record ROM after 
the last treatment and after a period of rest to measure net 
gains. Only Lentell et al7 showed significantly greater ROM 
after one treatment using heat and stretching than stretching 
alone in combination with a low-load, long-duration stretch. 
Animal tendon research9" 1 ' with heat and low-load, long-du 
ration stretching supports the findings by Lentell et al. 7 Our 
study contradicts these findings: the heat and stretching group 
did not have significantly greater ROM than the stretching 
group until after treatment 13.

Questions
Based on previous research, we could not explain some of 

our results. First, why did the control 2 group increase in 
ROM? Although this was a cause for concern, the ROM in 
crease was not statistically significant. Also, this small increase 
was possibly due to the increased activity of the students dur 
ing the spring months when we conducted the study.

Second, why did ROM increase in each of the treatment 
groups during the 6 days of rest? We noticed this phenomenon 
in another one of our studies23 and can only speculate that the 
increased flexibility during the 6 days of rest might be due to 
reduction in muscle guarding. Even though our technique in 
volved prolonged long-duration stretching, the force of one 
third of the body weight might have been more than subjects 
were accustomed to. The 6 days of rest was apparently enough 
time to wash out the effects of muscle guarding, leading to 
increased ROM.

Third, although the heat, stretching, and ice group produced 
the same ROM gains as the heat and stretching group after 
treatment, why were those gains not retained? Previous re 
searchers have shown that cold application may benefit ROM 
in short-term treatment by reducing muscle spasm and painful 
inhibition. 18 '24 These effects, however, have not been found to 
last very long. 25

Perhaps other questions can be answered by further research 
incorporating some of the following modifications:

1. A randomized block design would allow the different 
groups to start at approximately the same ROM.

2. To more precisely determine the net changes in ROM,

future researchers should begin treatment on the second 
day (ie, only take a pretreatment measurement on the first 
day) and should have a posttreatment measurement 24 
hours after the last day to determine the net effect of the 
last treatment.

3. Researchers could attempt to compare longer or shorter 
stretching times with a weight-and-pulley system as used 
in this study.

4. These methods could be applied to other parts of the body, 
such as the hamstrings, where a greater increase in ROM 
is possible.

5. Further research is needed to compare different lengths of 
diathermy treatments and numbers of treatments to find 
out which combination yields the greatest flexibility gains.

6. Further research is needed to address why the greatest 
ROM increases occurred 6 days after the last treatment. 
Investigators should look at various rest periods after 
training (stretching) and at various rest periods after stan 
dard training periods. One possibility is to train (stretch) 
different groups of subjects for 1 to 4 weeks and to test 
the effect of the different rest periods on net increases in 
ROM.

7. Finally, more research needs to be performed on the effect 
of prolonged long-duration stretching combined with ther 
mal modalities on subjects who have connective tissue 
changes due to aging or pathologic conditions.

Limitations
When studying the effect of pulsed shortwave diathermy on 

prolonged long-duration stretch, it is important to be able to 
ensure even heating throughout all of the subjects. A limitation 
in this study is that we do not know how much temperature 
increase occurred inside the muscle because we did not mea 
sure intramuscular temperature. Our protocol was based on 
reports by Draper et al 12 and Garrett et al, 13 who produced 
temperatures of more than 40°C. Also, although shortwave 
diathermy with induction drum electrodes penetrates fat fairly 
well, varying thicknesses of the subcutaneous layer of fat 
around the calf of the individual subjects may have produced 
slightly higher muscle temperatures in lean individuals. 12 A 
third limitation of this study is our inability to control the 
activity level of the subjects. Although we did not allow sub 
jects who were regularly participating in a flexibility or 
strength training program involving the calf to join in our 
study, we were unable to control the daily activity level of 
those who participated. Increasing level of activity, beginning 
new activities, or varying the time of day of activity may have 
affected the temperature and stiffness of the subject's calf at 
the time of treatment. 18 An additional limitation of this study 
is that prolonged long-duration stretching is most often used 
by clinicians with patients with ROM loss due to injury, sur 
gery, or another pathologic condition. This study was per 
formed on young, healthy college subjects; these results cannot 
be applied to older or injured subjects without further research. 
Finally, this stretching technique was performed with subjects 
non-weight bearing on the triceps surae, which is primarily 
involved in weight-bearing motor function. It is unclear how 
many of these flexibility gains would have been present if the 
subjects were tested in the weight-bearing position.

CONCLUSIONS
After 3 weeks of pulsed shortwave diathermy and prolonged 

long-duration stretching applied to the calf, ankle ROM in-
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creased more than with prolonged long-duration stretching 
alone. Pulsed shortwave diathermy before stretching is a safe 
and effective protocol for increasing tissue extensibility. How 
ever, a weight-and-pulley system may not be a practical way 
to stretch the triceps surae in the athletic training room setting. 
Ice has been shown to increase ROM by reducing pain and 
spasm in acute cases. 18 '24 Ice application after heat and stretch 
ing may not be of much benefit for increasing ROM due to 
chronic adhesions and muscle shortening. 7 ' 18 '24
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Objective: Wound care is a part of daily activity for many 
athletic trainers. Knowing which cleansers are effective against 
the bacteria that most commonly cause infection and whether 
they are toxic to healthy cells enables athletic trainers to make 
educated decisions on which cleanser to use. We compared 
the bactericidal effectiveness and cytotoxicity to human fibro- 
blast cells of 4 cleansers at various dilutions.

Design and Setting: A 4 x 4 factorial design was used for 
the cytotoxicity testing. The independent variables were type 
and dilution of cleanser. The dependent variable was cell via 
bility of the human fibroblast cells. We used a2x3x4x4 
factorial design for the bacterial testing. The independent vari 
ables were type and dilution of bacteria and type and dilution 
of cleanser. The dependent variable was the bactericidal action 
of the cleanser on the bacteria.

Subjects: Human foreskin samples were used to obtain a 
line of fibroblast cells. Bacterial samples were obtained from an 
athletic training clinic, isolated from swabs of a whirlpool water 
supply valve (Pseudomonas aeruginosa) or skin surface 
(Staphylococcus aureus).

Measurements: We obtained bactericidal measurements by 
testing isolated Gram-negative (Pseudomonas aeruginosa) and 
Gram-positive (Staphylococcus aureus) bacteria. Minimum and 
maximum concentrations were identified according to bacteri 
cidal effectiveness. Cytotoxicity measurements were obtained 
from spectrophotometer readings of a neutral red assay for fi 
broblast cell viability. Final dilutions tested were determined by 
pilot testing.

Results: At the 1:5 dilution of product in sterile 0.9% saline, 
both Cinder Suds and Nitrotan and hydrogen peroxide were 
different from the control with regard to Pseudomonas aerugi 
nosa. At the 1:10 dilution, both Betadine and hydrogen peroxide 
were different from the control with regard to Pseudomonas 
aeruginosa. These 2 cleansers were also different from each 
other. At the 1:10 dilution, only Betadine was not different from 
the control for the cytotoxicity testing.

Conclusions: Betadine was both effective against bacteria 
and not harmful to human fibroblast cells at a 1:10 dilution of a 
commercially purchased solution.

Key Words: wound cleansers, cytotoxicity, bactericidal, an 
timicrobial

A s health care workers, athletic trainers encounter a va 
riety of different kinds, shapes, and sizes of wounds 
that need to be cleaned or debrided (or both) on a daily 

basis. 1 "5 Knowing how to treat these wounds is crucial for 
several reasons. First, providing an optimal healing environ 
ment results in decreased rates of infection and faster heal 
ing. 1 "5 Second, the appropriate method and materials to cleanse 
a wound are somewhat controversial. 1 "7 There are 2 areas of 
concern when considering which cleanser to use. The first area 
is the efficacy of the cleanser against the bacterial flora that 
may be encountered in a wound. 1 "8 Using a cleanser that is 
effective against bacteria can aid the healing process. 1 "3 ' 8" 11 
However, the second area of concern is that the cleanser not 
inhibit the cells that are involved in the healing process. 1 ~3 - 8" 11 
Health care professionals do not always consider the effects 
of wound cleansers on the healthy tissue. Recent studies 1 "3 ' 8" 1 ' 
have shown that many cleansers currently used in the athletic

training field are cytotoxic to the cells necessary to the healing 
process. Ideally, health care professionals want a cleanser that 
is effective against bacteria but has no inhibitory effects on 
the healing tissues. Therefore, our purpose was to evaluate 4 
cleansers (Cinder Suds and Nitrotan [Cramer Products, Inc, 
Gardner, KS], hydrogen peroxide, Betadine [The Purdue Fred 
erick Co, Norwalk, CT], and saline) and compare their effec 
tiveness against bacteria (Pseudomonas aeruginosa and Staph 
ylococcus aureus) and their toxicity to healthy human cells 
(fibroblasts).

METHODS
We used a2X3X4X4 factorial design for the bacte 

ricidal assay. The independent variables were the type of bac 
teria (P aeruginosa or S aureus), the concentration of bacteria 
(1 X 107 , 1 X 108 , and 2.5 X 108), the type of cleanser
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(Betadine, hydrogen peroxide, Cinder Suds and Nitrotan, and 
0.9% saline as the control), and the dilution (1:5, 1:10, 1:50, 
and 1:100 product in saline). The dependent variable was bac 
terial toxicity.

We used a 4 X 4 factorial design for the cytotoxicity assay. 
The independent variables were the type of cleanser and the 
dilutions of the cleansers tested (1:5, 1:10, and 1:50).

Subjects
Human fibroblast cells were obtained from the Indiana Uni 

versity School of Medicine Department of Dermatology. The 
primary cell line of fibroblasts was established as an explant 
from human foreskin samples. Once the flasks were confluent 
with a monolayer of cells (the bottom of the flask fully cov 
ered), the cells were harvested and some were frozen for later 
use. The fibroblast cells were used for all human cytotoxicity 
determinations. Exemption from the Human Subjects Com 
mittee was obtained because primary human cell cultures were 
used for all testing measures.

Instruments
We used a spectrophotometer (Model #U-2000, Hitachi Ltd, 

Tokyo, Japan) to measure cell viability via neutral red bioas- 
say. The spectrophotometer measures light absorbency at set 
wavelengths. An inverted phase-contrast microscope (Model 
ELWD 0.3, Nikon Corp, Tokyo, Japan) was used to detect cell 
confluency and growth in tissue culture flasks. A light micro 
scope (Model ATC 2000, Nikon Corp, Buffalo, NY) was used 
for cell counting. A 37° incubator supplied with 5% CO2 
(Model 023, Forma Scientific, St. Louis, MO) provided opti 
mal growing conditions for fibroblast cells. A laminar flow 
hood (LabGard Model NU427, NuAire Inc, Plymouth, MN) 
was used to ensure sterile working conditions. A centrifuge 
(Model GPR, Beckman Instruments Inc, Palo Alto, CA) was 
used for collecting cells from various cultures by centrifuga- 
tion.

Testing Procedures
The Cinder Suds and Nitrotan wound cleansers were do 

nated by the manufacturer; we purchased the other cleansers 
commercially. The manufacturer's suggestion is to use Cinder 
Suds to assist with cleansing of the wound and then to saturate 
a sterile gauze pad and lay it on the wound for several minutes. 
This allows the ingredients to seep into the skin and the 
wound. All cleansers were diluted in cell culture medium for 
the fibroblast testing and in saline for all bacterial testing.

Tissue Culture
Tissue culture methods and neutral red bioassay were mod 

eled after Cooper et al. 12 Human fibroblasts were isolated from 
human foreskin samples. The tissue sample was minced in a 
sterile 0.15 M saline solution containing 1% trypsin for en 
zymatic separation of epidermis from dermis. To isolate indi 
vidual human fibroblasts, 0.025% trypsin + 0.01% ethylene- 
diaminetetraacetic acid (EDTA) was used. The human 
fibroblasts were grown in complete Dulbeccos' Modified Ea 
gle's Medium ([DMEM] Gibco BRL, Bethesda, MD) contain 
ing 10% fetal bovine serum (FBS) 10 ng/mL epidermal growth 
factor (Imcera Inc, Terre Haute, IN), and penicillin (10000 U/ 
mL)-streptomycin (10000 mg/mL) as an antibiotic. To ensure

that the pH of the cleanser did not interfere with cell viability, 
pH measurements were obtained for each agent as well as for 
the control (media with no cleanser added). 13 ' 14

Cytotoxicity Determination Procedure
The neutral red assay was chosen because previous testing 

has demonstrated it to be a sensitive measure of cell viabili 
ty. 15" 17 Subconfluent human fibroblasts (2 X 103 cells/mL) 
were grown in secondary cultures in complete DMEM + 10% 
FBS (without antibacterial agents). The human fibroblasts 
were harvested and placed into 96-well, flat-bottom tissue cul 
ture plates and incubated for 3 days to establish cell confluen 
cy. Antibacterial agents were diluted in DMEM + 10% FBS 
(growth medium) and placed into the wells. The diluted 
cleansers were allowed to remain in contact with the cells for 
15 minutes, and then the medium was removed. Neutral red 
(3-amino-7-dimethylamino-2-methylphenazine hydrochloride) 
was added to each well, and the plates were placed in the 
incubator for 3 hours. The cells were then washed with formol- 
calcium (10 mL 40% formaldehyde, 10 mL 10% anhydrous 
calcium chloride, and 80 mL water) and fixed using an acetic 
acid-ethanol mixture (1.0 mL glacial acetic acid in 100 mL 
50% ethanol), the dye extracted using a repeating pipetter, and 
the absorbency at 540 nm measured (A540) using a spectro 
photometer. The uptake of neutral red is proportional to the 
number of viable (live) cells. 18 The control was medium with 
out an added test agent.

Bactericidal Procedures
Serial dilutions of each agent were made in filtered sterile 

saline. Two log concentrations were tested at half-log inter 
vals. Concentrations of 1:5, 1:10, 1:50, and 1:100 were tested.

The method used by Lineaweaver et al 14 was modified for 
this experiment. Samples of bacteria were obtained from one 
of the whirlpools in an athletic training room. Pure cultures 
were evaluated by Gram staining with microscopic evaluation 
and biochemical species identification. Paired bacterial sus 
pensions (each containing 1 X 107 , 1 X 108 , or 2.5 X 108 
organisms) of P aeruginosa and S aureus were cultured sep 
arately in nutrient broth. Bacteria were suspended in 3.0 mL 
of either a topical agent or saline for 15 minutes. The suspen 
sions with either topical agent or saline were then centrifuged 
at 2000 X g for 5 minutes and resuspended in 3.0 mL of 
saline. The suspensions were plated on nutrient agar culture 
medium (Difco Labs, Bethesda, MD) and incubated for 24 
hours at 37°C. Colonies present after the 24-hour culture were 
counted. Colony counts were coded (0 = no growth, 1 = 1 
to 30 colonies, 2 = 31 to 100 colonies, 3 = 101 to 200 col 
onies, 4 = 201 to 300 colonies, and 5 = >300 colonies), and 
the coded data was used for statistical analysis. Concentrations 
as specified for each test agent were used to determine max 
imal and minimal bactericidal concentrations.

STATISTICAL ANALYSIS

We used an analysis of variance to test for statistical sig 
nificance of cytotoxicity. We also used univariate F tests and 
the Tukey procedure for post hoc testing. Results for the bac 
tericidal study were coded and analyzed using the Kruskal- 
Wallis test. Post hoc testing was done using the Mann-Whitney 
U test. A probability level of P < .05 was set for all tests.
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Table 1. Results of Bactericidal Testing

Dilution

Agent Control 1:5 1:10 1:50 1:100

Control 5.0 ± 0.0
Betadine
Hydrogen peroxide 
Cinder Suds and Nitrotan

0.0 ± 0.0*
2.6 ± 2.1 
2.2 ± 2.5*

0.0 ± 0.0*
3.2 ± 2.5 
3.6 ± 1.6

1.8 ± 1.3*
5.0 ± 0.0
5.0 ± 0.0

3.7 ± 2.5
5.0 ± 0.0 
5.0 ± 0.0

*Significantly different from control bactericidal results (P < .05).

Table 2. Cytotoxicity Results

Dilution

Agent

Control 
Betadine 
Hydrogen peroxide 
Cinder Suds and Nitrotan

pH Control

7.5 0.2776 ± 0.0062 
7.7 
7.6 
7.7

1:5

-0.0066 ± 
-0.0068 ± 
-0.0004 ±

0.0028* 
0.0045* 

0.1034*

1:1!

0.1396 ± 
-0.0030 ± 
-0.0027 ±

3

0.068 
0.0054* 

0.0059*

0.4281 
0.4071 
0.1233

1:50

± 0.0068 
± 0.0079 
± 0.0062*

*Significantly different from control cytotoxicity results (P < .05).

RESULTS

Bactericidal Results
We found no differences among the bacterial concentrations 

tested (Table 1). Differences were found between bacterial 
growth and dilution of cleansers (X2^ = 14.9, P = .005) and 
between bacterial growth and type of cleanser (X2^ = 13.0, 
P = .005). No differences were found for S aureus at any of 
the dilutions and for P aeruginosa at dilutions 1:50 and 1:100. 
Statistically significant differences were revealed for P aeru 
ginosa between the dilutions of 1:5 (X2^ = 7.8, P = .05) and 
1:10 (X2! = 7.6, P = .05).

Post hoc testing using the Mann-Whitney U test for non- 
parametric data revealed no differences at the dilution 1:5 be 
tween Betadine and Cinder Suds and Nitrotan, Betadine and 
hydrogen peroxide, Betadine and control, and Cinder Suds and 
Nitrotan and hydrogen peroxide. Statistically significant dif 
ferences at the 1:5 dilution were found between Cinder Suds 
and Nitrotan and control (U < .001, P = .03) and hydrogen 
peroxide and control (U < .001, P = .03). No differences 
were found at the 1:10 dilution between Betadine and Cinder 
Suds and Nitrotan, Cinder Suds and Nitrotan and hydrogen 
peroxide, and Cinder Suds and Nitrotan and control. There 
were statistically significant differences at the 1:10 dilution 
between Betadine and hydrogen peroxide (U < .001, P = .03), 
Betadine and control (U < .001, P = .03), and hydrogen per 
oxide and control (U < .001, P = .03).

Cytotoxicity Results
Cytotoxicity testing showed an interaction between type and 

dilution of cleansers (Table 2; F4i23 = 7.4, P = .001). Simple 
main-effects testing revealed that at a 1:5 dilution, Betadine 
(F3>9 = 18.5, P = .01), hydrogen peroxide (F3>9 = 18.5, P = 
.002), and Cinder Suds and Nitrotan (F39 = 18.5, P < .001) 
were all different from the control. At the 1:10 dilution, hy 
drogen peroxide (F39 = 13.2, P = .002), and Cinder Suds 
and Nitrotan (F3>9 = 13.2, P = .002, SE = .047) were both 
different from the control. Betadine was not different from the 
control at the 1:10 dilution. At the 1:50 dilution, there were

still significant differences between the Cinder Suds and Ni 
trotan and the control.

DISCUSSION
Previous research'-5,7-11,19-23 jias shown that if an antimi 

crobial wound cleanser does not kill bacteria, the risk of in 
fection is significantly higher. We used a Gram-negative (P 
aeruginosa) and a Gram-positive (S aureus) bacterium for bac 
tericidal testing procedures. The bacterial samples were ob 
tained from an athletic training room whirlpool and skin sur 
faces. Pure cultures were verified by Gram staining, and the 
bacteria were identified using biochemical testing. We chose 
these 2 bacteria for several reasons. First, together they rep 
resent a large spectrum of the bacteria that cause skin wound 
infections. S aureus is present as a normal flora organism on 
the skin surfaces of most healthy humans. 19P aeruginosa is a 
ubiquitous environmental organism associated with whirlpool 
folliculitis, an infection caused by immersion in contaminated 
water. 20 ' 24 Athletic trainers may encounter wound infections 
caused by either of these common bacteria that are represen 
tative of the 2 main bacterial categories. In addition, the cell 
walls of the 2 bacteria are very different. Each has a pepti- 
doglycan protective layer, but in P aeruginosa, this layer is 
only 10 nm thick, whereas in S aureus, it is 80 nm thick.20 
The thicker this peptidoglycan layer, the more resilient the 
bacteria are to surface-active antimicrobial agents. 19 '20 Be 
cause we found no significant differences among any of the 
cleansers for the S aureus bacteria, we can hypothesize that 
the cleansers may not contain strong enough ingredients to be 
effective against Gram-positive bacteria. Both the hydrogen 
peroxide and the Cinder Suds and Nitrotan were more specif 
ically bactericidal for the P aeruginosa; that is, they were more 
effective at killing that bacterial type versus the S aureus. Be 
tadine was equally effective against both bacteria. Although 
not statistically significant, there were numeric differences in 
Betadine's effectiveness against the 2 bacteria versus the other 
cleansers.

We chose the cleansers to be tested based on our experience 
in the athletic training environment and from the results of the 
Goldenberg 1 study. Goldenberg showed that many athletic
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trainers are currently using Betadine and hydrogen peroxide 
for wound cleansing. 1 Cinder Suds and Nitrotan were chosen 
because they are marketed specifically to athletic trainers in 
various catalogues. The chosen cleansers have a variety of 
different active ingredients. Betadine contains 10% povidone 
iodine, which is equivalent to 1% available iodine in the mar 
keted, undiluted product. Hydrogen peroxide solution contains 
3% stabilized hydrogen peroxide. Cinder Suds contains water, 
soap, isobutene, and propane. Nitrotan contains picric acid 
(0.2% vol/vol), tannic acid (1.5% vol/vol), benzyl alcohol 
(6.1% wt/vol), and isopropyl alcohol (62% wt/vol). Finally, 
Betadine was the only cleanser that was similar to the control 
at the 1:10 dilution for cytotoxicity testing. It was also bac 
tericidal at this concentration. This is the ideal combination 
for an antimicrobial wound cleanser. It kills the bacteria that 
cause infection, but even more importantly, it is not toxic to 
the fibroblast cells critical to the healing process. This could 
be a result of the active ingredient; none of the other cleansers 
tested have povidone iodine as an active ingredient.

Betadine was safe at a diluted concentration. At a 1:5 di 
lution, it was toxic to the human fibroblast cells in this study, 
and by extrapolation, the commercially purchased concentra 
tion would be toxic to human fibroblast cells as well. Thus, it 
is important to note that in order for Betadine to be nontoxic 
for human fibroblast cells, it must be diluted. For a 1:10 di 
lution, 1 part Betadine and 9 parts sterile saline should be 
mixed. This dilution is beneficial in many ways. Not only does 
it create an optimal healing environment by killing bacteria 
while sparing fibroblast cells, but a single purchase also lasts 
much longer. This lowers costs, as it is somewhat expensive 
to use concentrated Betadine and few athletic training budgets 
are unlimited.

The literature is currently divided as to the effectiveness of 
these antimicrobial cleansers. Some researchers2 '4 suggest that 
Betadine at certain concentrations is very effective and causes 
minimal damage to healthy tissue. However, others4 '6 '7 ' 14 ' 15 '21 
believe that Betadine's toxicity against the healthy tissue is 
greater than its bactericidal effectiveness. Hydrogen peroxide's 
effectiveness is under discussion as well. Several investiga 
tor^, 14,22,23,25 |iave demonstrated that hydrogen peroxide's 
bactericidal effectiveness is minimal, while its cytotoxicity is 
very high. Others3 - 26 have suggested that at higher dilutions, 
it may not be as toxic to the healthy tissues but most likely is 
still ineffective against bacteria. Our study is the first to ad 
dress bactericidal effectiveness and cytotoxicity of Cinder 
Suds and Nitrotan, although Nitrotan is advertised to "prevent 
infection and promote healing."

Clinical Relevance
As health care professionals, athletic trainers need to be 

aware not only of the bactericidal effects of an antimicrobial 
wound cleanser but also of the cytotoxic effects on healthy 
human cells. Our results demonstrate that Betadine in saline 
at a 1:10 dilution of the commercially purchased solution was 
effective in killing both Gram-positive and Gram-negative

bacteria, yet it was not harmful to normal fibroblast cells. As 
such, we recommend this 1:10 dilution be used in practice to 
provide the optimal balance between the bactericidal and cy 
totoxic effects. Further, this dilution is an excellent cost-cutting 
measure.
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Objective: To identify the major influences in the develop 
ment of expert male National Collegiate Athletic Association 
(NCAA) Division I certified athletic trainers.

Design and Setting: The participants were individually inter 
viewed, and the data were transcribed and coded.

Subjects: Seven male NCAA Division I certified athletic train 
ers, who averaged 29 years of experience in the profession and 
20 years at the Division I level.

Results: We found 3 higher-order categories that explained 
the development of the certified athletic trainers and labeled 
these meaningful experiences, personal attributes, and men- 
toring. The growth and development of the athletic trainers were

influenced by a variety of meaningful experiences that began 
during their time as students and continued throughout their 
careers. These experiences involved dealing with challenging 
job conditions, educational conditions, and attempts to promote 
and improve the profession. The personal attributes category 
encompassed the importance of a caring and service-oriented 
attitude, building relationships with athletes, and maintaining 
strong bonds within their own families. Mentoring of these in 
dividuals occurred both inside and outside the athletic training 
profession.

Conclusion: We provide a unique view of the development 
of athletic trainers that should be of interest to those in the field, 
regardless of years of experience.

S uccessful individuals in any field seek environments that 
are congruent with the characteristics that allow them to 
express their attitudes and values while best using their 

skills and abilities. 1 Although the discipline of athletic training 
has many positive attributes associated with it, athletic trainers 
must deal with a number of stressors that may include dual 
responsibilities (eg, head athletic trainer and curriculum direc 
tor), lack of resources, and high athlete-to-athletic trainer ra 
tios. 2 The demands can make it difficult for the athletic train 
ing professional to stay excited and motivated for an extended 
period. The question then becomes, "What can be done in the 
profession of athletic training to ensure that those people who 
enter the profession are prepared for what awaits them?" Our 
study is an attempt to address this issue.

Krumboldtz and Worthington3 outlined some factors that 
can help ease the transition for students who are entering the 
workplace, including the importance of a knowledgeable and 
respected counselor or mentor. Under the tutelage of this lead 
er, a student's abilities and skills are refined or expanded (or 
both) in areas such as organization, interpersonal communi 
cation, and reasoning. 3 After acquiring these skills, students 
can work specifically in their field of interest, such as health 
care, electronics, or engineering. 3

Research in athletic training has also supported the impor

tance of mentoring with respect to career transition of young 
professionals. For example, Curtis et al4 found that the clinical 
experience became more meaningful and beneficial when a 
supervising athletic trainer or mentor provided guidance and 
understanding in a given situation. Moreover, the interaction 
between the student and supervisor positively affected the ca 
reer development of the student.4

During the last 2 decades, studies on the career development 
patterns of certified athletic trainers (ATCs) have been sparse. 
Quantitative studies in career development issues have focused 
on topics such as the quality of supervision in athletic training 
education programs,4 factors that affect the professional lives 
of athletic trainers,5 and the importance of selected employ 
ment characteristics. 6 An alternative method of data acquisi 
tion involves using qualitative research methods to emphasize 
the processes and meanings that are not examined in terms of 
quantity, amount, intensity, or frequency.7 Qualitative re 
searchers seek to capture the richness and complexity of in 
dividual experiences. For example, why are so many ATCs 
burning out so early in their careers, or what attracts individ 
uals to the athletic training profession? The answers to these 
types of questions can be collected using a number of different 
qualitative research methods, such as observations, narratives, 
semiotic analyses, and interviews.7
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The purpose of our study was to conduct an in-depth ex 
amination of male National Collegiate Athletic Association 
(NCAA) Division I ATCs who have been identified as leaders 
in their field based on their longevity and contributions to the 
field of athletic training. In particular, what factors helped con 
tribute to their rise to prominence? A qualitative method was 
used to help meet the goals of the study. This allowed the 
ATCs an opportunity to describe their experiences from a 
phenomenologic perspective and, thus, maximized the oppor 
tunity for them to accurately describe their experiences and for 
the research team to capture the complexity of this topic.

METHODS

influence on you?" or "You mentioned your family; would 
you mind sharing more about that part of your life?"

The participants were asked to share examples of specific 
situations that they felt enhanced their development as ATCs. 
No leading questions with hints about desired answers or top 
ics were asked. For example, the term "mentoring" was not 
suggested to the interviewee at any time. The interviewer al 
ways began by saying, "Tell me when you first considered 
becoming an athletic trainer, what path you took to reach your 
current position, and what your major influences were." The 
interviewee was allowed the latitude to answer in any way he 
chose. All interviews were tape recorded, and each interaction 
lasted an average of 50 minutes.

Participants
The criteria for identifying our expert ATCs were in agree 

ment with previous research on expert performers in other do 
mains, in which a minimum of 10 years of experience or more 
than 10000 hours of concerted time in the field was re 
quired. 8 - 9 These criteria were used as minimum requirements, 
because the focus was to formulate a sample with more than 
25 years of experience as an athletic trainer. A panel of 3 ATCs 
who were familiar with possible candidates generated a list of 
23 potential male subjects from various universities across the 
United States. Each candidate was then contacted by telephone 
and given a brief explanation of the study. The final group of 
7 participants from 6 different states was determined by their 
willingness to participate in the study and their availability to 
meet for an interview before or at the National Athletic Train 
ers' Association Convention in Kansas City, MO, June 16-19, 
1999.

The participants averaged 29 years of experience as profes 
sionals in the field of athletic training and 20 years of expe 
rience at the Division I level. The participant group also in 
cluded District and National Athletic Trainers' Association 
Hall of Fame members. The institutional review board at Cal 
ifornia State University, Fresno, approved this study, and each 
participant read, agreed to, and signed a consent form before 
the interview began.

Interview Technique
We used an open-ended, unstructured interview format. This 

format allowed the researcher to suggest the topic for discus 
sion and provided the interviewee with the opportunity to an 
swer freely, with few restrictions. 7 - 10 Unlike quantitative meth 
ods, which attempt to capture precise data of a codable nature 
to describe behavior within preestablished categories, quali 
tative methods are used in an attempt to understand the com 
plex behavior of members of society without imposing strict 
guidelines that may limit the field of inquiry. 7 This type of 
interview allowed the subjects to stress points they believed 
were most important in their career development, rather than 
relying on the investigators' notions.

The interview was enhanced through a technique known as 
probing. Probes can be used to complete or clarify answers by 
requesting examples and evidence, by asking the interviewee 
to finish a thought or answer, or by indicating that the inter 
viewer is following the conversation. 10 - 11 For example, several 
participants mentioned the names of individuals who influ 
enced their careers. The researcher followed these statements 
with a probe such as, "Could you tell me more about his/her

Data Analysis
A full verbatim transcription of each interview was typed 

at the completion of the interviews. Before any form of anal 
ysis began, each transcript was returned to the subject to verify 
content and accuracy. Minor editing, such as removing names, 
was performed by the research team to protect the anonymity 
of the participants. Brackets were used to clarify ambiguous 
segments of text.

The qualitative analysis was based on the guidelines of Cote 
et al. 12 The process was inductive in that the information 
emerged from the data rather than being determined before data 
collection and analysis. First, the text was divided into pieces 
of information called meaning units. 12 - 13 Tesch 13 defined a 
meaning unit as a comprehensible idea or item that can stand 
alone. Seven interview transcripts were analyzed, resulting in a 
total of 281 meaning units. The 3-step process of analysis out 
lined by Cote et al 12 was then followed: (1) creating tags, (2) 
creating properties, and (3) creating categories.

Each meaning unit was labeled with a tag; each tag described 
the information contained in each meaning unit. Similar infor 
mation was given the same tag. A total of 45 tags were created 
to explain the various developmental patterns, characteristics, 
and major influences in the lives of the participants.

Similar tags were assembled into higher-order groups called 
properties. Properties were coded based on the features within 
the tags and meaning units. For example, loyalty, generosity, 
independence, and integrity were tags that were regrouped into 
the higher-order property called personal characteristics. Ten 
properties were identified for the 45 tags.

The properties were ultimately assembled into the highest- 
order group called categories. For example, the properties of 
personal characteristics, personal philosophies, and personal 
relationships were placed into a higher-order category called 
personal attributes. The merging of the 10 properties formed 
3 categories. The inductive process was considered complete 
at the category level when no additional meaningful groupings 
emerged. A complete list of properties and categories is found 
in the Table.

Trustworthiness of Data Analysis
We used a number of methods to ensure that the conclusions 

made by the research team were trustworthy. n > 14 > 15 Some ex 
amples were peer debriefing, prolonged engagement, and 
member checking. Peer debriefing refers to a method of anal 
ysis verification whereby a second inquirer probes the re 
searcher's biases and explores and clarifies meanings and in 
terpretations. 15 In the current study, the debriefer (an ATC
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Frequency of Meaning Units Within Each Property and Category by Certified Athletic Trainer (ATC)

Category and Property

Meaningful experiences
Athletic background
Career experiences
Job conditions
Educational conditions
Additional responsibilities

Personal attributes
Personal characteristics
Personal philosophies
Personal relationships

Mentoring
Ways of learning
Ways of teaching

n

128
13
78
18
7

12
64
12
23
29

89
35
54

ATC 1

12
1
6
4
1
0

18
6
5
7

13
8
5

ATC 2

15
2
6
5
1
1
6
0
2
4

14
9
5

ATC 3

18
3

13
0
1
1
9
2
3
4

5
2
3

ATC 4

17
3

10
2
1
1

5
0
3
2

12
3
9

ATC 5

15
1
8
3
0
3

9
2
6
1
8
3
5

ATC 6

26
1

17
1
2
5
6
1
0
5

24
6

18

ATC 7

25
2

18
3
1
1

11
1
4
6

13
4
9

knowledgeable in qualitative analysis) checked 25% of the to 
tal meaning units for appropriate placement of tags. 14 This 
debriefer was provided with the list of 45 tags and approxi 
mately 70 randomly selected meaning units for tagging. The 
meaning units were provided separately from the tags to elim 
inate the bias of the researcher. A 91% agreement match was 
established between the researcher and the second investigator. 
Discrepancies among researchers were restudied until an 
agreement was reached regarding the tagging of the meaning 
units. This assured the research team that the meaning units 
were placed in the appropriate sections.

Prolonged engagement refers to gaining the knowledge and 
understanding of the investigated "culture" to detect misin 
formation introduced by the investigator or the respondents. 15 
The primary investigator of the current study (R.M.) has been 
a member of the athletic training "culture" for 5 years. The 
familiarity of the researcher to the profession helped gain the 
trust of the participants and avoided the distortion or misin 
terpretation of information. It also allowed the researcher to 
understand the context of the information.

Sparkes 14 listed member checking as the most crucial tech 
nique for establishing credibility. This is a method by which 
data, interpretations, and conclusions are tested with the par 
ticipants from whom the data were originally collected. 12 ' 15 
Feedback from the participants served to ensure the credibility 
of the analysis. The current study used this technique, and each 
subject was asked to evaluate a summary of the findings. The 
summary (2 pages in length) was sent to each of the 7 partic 
ipants, and 5 were returned. The participants were asked to 
make any changes, corrections, or revisions to ensure accuracy 
of the information. All 5 of the participants made positive 
comments regarding the accuracy and content of the summary. 
This process provided strong corroboration that the career de 
velopment paths of expert male ATCs were captured.

RESULTS

The results of the study revealed 3 higher-order categories 
that significantly influenced the development of expert male 
NCAA Division I ATCs. They were labeled as meaningful 
experiences, personal attributes, and mentoring. A description 
of each category will precede a presentation of supporting ci 
tations on the career experiences and major influences of the 
participants.

Nature of the Data
Although the categories and properties emerged from all 7 

athletic trainers, the number of meaning units varied slightly 
in frequency, ranging from 32 to 56. The difference in the 
number of meaning units was a result of the open-ended nature 
of the interviews and does not reflect the knowledge level of 
the participants in the current study. As well, the higher num 
ber of meaning units in the category called meaningful expe 
riences does not mean that it is more important than the other 
2 categories. It may, however, relate to the complexity of the 
category.

Meaningful Experiences
The meaningful experiences category presents a unique look 

at the personal and professional history of participants by pro 
viding them with a foundation of knowledge on which to build 
their careers. Five properties emerged from this analysis; they 
were labeled athletic background, career experiences, job con 
ditions, educational conditions, and additional responsibilities.

Athletic Background. All of the participants were involved 
in sports as youths and in high school. Although they all 
achieved different levels of success in their chosen sport, all 
of their athletic careers came to an end due to injury or their 
inability to be competitive at the next level. As ATC 2 said, 
"I was involved in athletics in high school. My junior year in 
high school, I injured my knee. It was a triad injury. In those 
days, if you tore your anterior cruciate ligament, it was career 
ending." In addition, ATC 7 said, "I played high school foot 
ball and baseball. I didn't consider myself a bad athlete, but 
when I saw the environment in college, I found out that phys 
ically I couldn't match up. It was the first time in my life 
where I couldn't compete."

The participants wanted to stay involved in athletics after 
they were through competing. They all found the ability to do 
so in some capacity. According to ATC 7, "A freshman foot 
ball coach told me that there was an opportunity for me to be 
part of athletics without participating as an athlete. He was the 
one who got me involved in athletic training. Even though he 
wasn't an athletic trainer, he taught the athletic training classes 
at the university." In addition, ATC 4 said, "I had completed 
my sophomore year at a junior college as wrestler. An athletic 
trainer from a local university asked me if I was going to 
continue to compete. I said, 'No, but I want to stay involved
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in athletics.' He asked me if I would be interested in becoming 
a student athletic trainer. I began attending the university and 
working for him as a student athletic trainer."

Career Experiences. The opportunity to become involved 
in athletic training came about differently for each of the par 
ticipants. Some of the ATCs became involved in the profession 
with other goals in mind, such as coaching. Others became 
involved through association with other student athletic train 
ers. According to ATC 3, "I decided that what I wanted to do 
was go into coaching. Since I had a number of injuries by the 
time I got into college, I decided to take some athletic training 
classes. I wanted to become proficient in athletic training and 
understanding injuries so that when I became a coach, I could 
help kids avoid suffering like I did." Also, ATC 6 said, 
"While working as a student manager, I got to know some of 
the student trainers that were working with the different teams 
on campus. I became interested in athletic training and started 
work as a student athletic trainer. I enjoyed the science aspect 
of things as well as the athletic side of things."

Job Conditions. Becoming involved in a developing pro 
fession is not always easy. Work conditions were very de 
manding. One athletic trainer (ATC 3) described his experience 
as a senior in college:

My senior year in college, the football team 
had triple-a-day practices. I did the athletic 
training and the equipment and all the wash 
ing for three practices a day. We didn't have 
a lot of duplicate equipment, so I had to pull 
things out of lockers just to have enough 
clothes for practice. It was a busy time. I 
became proficient enough in the taping as 
pect that by the time the [staff athletic train 
er] would get to practice, I would already 
have the team taped and prepared for prac 
tice. I took pride in that.

Educationally, very few schools had an athletic training cur 
riculum in place. One athletic trainer (ATC 6) stated,

Back at that time, structured education for 
athletic training was just beginning. I tried 
to set up my course of study as close to that 
as possible. I ended up becoming a biology 
major. 1 created my own program by com 
bining classes like anatomy, physiology with 
some physical education courses. I then cou 
pled the classroom education with my ex 
periences as a student athletic trainer.

Accepting a great deal of responsibility in their first job out 
of college was a common trait among the participants. They 
were suddenly accountable for the medical care for an entire 
athletic program. According to ATC 1, "I learned a real re 
spect for what some of the other athletic trainers had accom 
plished. Here I am, seeing kids with broken collarbones, fin 
gers, all kinds of wild stuff that I didn't have the chance to 
see at the university, and I had to be responsible for them. It 
was my job to take care of them. I wanted to do it and I 
enjoyed doing it." Another athletic trainer (ATC 7) stated,

It was the first time that I was handling a 
collegiate program on my own. It also start 
ed me in a role of teaching and organizing 
my own athletic training program. All of a 
sudden, the entire collegiate athletic program

was on my shoulders rather than one sport. 
I had to learn how to balance football, base 
ball, basketball, track, and women's sports, 
while also teaching classes. I never had to 
do all of those things at the same time be 
fore.

Educational Conditions. Educational changes and certifi 
cation requirements have become more demanding during the 
last 2 decades. Today's ATCs must be more knowledgeable 
from an academic standpoint than their predecessors. Accord 
ing to ATC 2,

The level of knowledge that's expected from 
us is much higher than it was 20 years ago. 
Twenty years ago you were expected to tape, 
evaluate an ankle sprain, and give an ultra 
sound treatment. Now, when you look at the 
competencies that are required for entry-lev 
el athletic trainers, I don't know if I could 
be an athletic trainer. Educationally, today's 
students are more qualified to do a lot of 
things that I'm expected to do at this time.

Additional Responsibilities. The ATCs also took on the 
responsibilities of understanding the history of the profession 
and doing their part to improve and promote athletic training. 
One athletic trainer (ATC 6) said the following:

I developed a real keen sense of the impor 
tance of the association and the history of 
the association. I learned about the evolution 
of athletic training. Unfortunately, the 
growth of the profession has made its history 
less well known. Now, when you go to a 
convention with 10000 people, you could 
walk by Paul Grace or Lindsy McLean and 
not know who they are or what their impor 
tance is to the association. 
This profession grew on the hard work of a 
lot of individuals working full-time jobs and 
donating their time to make the profession 
better. The full-time positions on the boards 
of today used to be held by practicing ath 
letic trainers. In order for the profession to 
grow, the athletic trainers of today have to 
be involved and help lead the profession for 
ward. If things aren't going the way they 
want, then they have a legitimate right to 
complain. If they sit back and don't get in 
volved then they have no right to say any 
thing.

The athletic trainers looked to make an impact by educating 
the community. As ATC 4 said,

Realizing that the coaches and administra 
tors had little understanding of what we were 
doing, I put on an educational workshop for 
local coaches and administrators. The first 
year attendance was about 30 people. By the 
fourth year, we had over 100 people. I 
brought people in to speak and paid for their 
expenses through sponsorships. These work 
shops got a lot of positive publicity in the 
local area.
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The development of athletic trainers is not limited to their 
career experiences. Personal attributes contribute to their suc 
cess. The next section identifies characteristics that have en 
hanced the professional aptitude of the participants.

Personal Attributes

A second higher-order category called personal attributes 
details the individual nature of ATCs. In particular, this cate 
gory identifies their personal characteristics, their philoso 
phies, and their relationships both inside and outside the ath 
letic training domain.

Personal Characteristics. Characteristics such as loyalty, 
generosity, and a strong work ethic helped these individuals 
succeed in a field where they must put others above them 
selves. According to ATC 1, "One of the things that I pride 
myself on is being loyal. If someone works for me and does 
a good job, I'll do anything I can to help them for the rest of 
my life. I make that promise to them. If they're loyal, then I 
return that to them as many times as I can." In addition, ATC 
7 said, "I've had a unique opportunity to give something back 
to the school. At the same time, the institution has come back 
and done some things for me. So, it became a 2-way street. I 
guess my final goal at [the university] would be to make sure 
that I left this place in a better condition than when I came."

Personal Philosophies. The work ethic and philosophies of 
the participants have resulted in the development of a great 
passion for their work. As ATC 2 said, "For the last 15 years, 
I haven't worn a watch. The job has never been about how 
much time I spend at work. I go to work, do my job, and go 
home when everything is done. If you start looking at the 
clock and worrying about the fact that you're putting in 14 to 
15 hours a day, you won't last very long." Another athletic 
trainer (ATC 7) said, "Years ago the philosophy was that the 
job wasn't done until the job was done and practice wasn't 
over until everyone went home. Now because of clinical en 
vironments and educational controls, the 'good old boys' have 
a hard time recognizing there is a 40-hour week. I'm probably 
one of those."

The athletic trainers truly cared about the athletes. As ATC 
1 said, "To me, and I mean this with all my heart, an athletic 
trainer is a person who cares more about the athlete than he 
does himself. The athlete comes first over you. That doesn't 
mean he's first over your religion or your family; it means he's 
first over you. Athletes know if you really care. I take my time 
and pay attention to them."

The athletic trainers made their availability to the athletes a 
priority. Their professional philosophies were based on a ser 
vice-oriented concept. As ATC 1 explains, "I've been an ath 
letic trainer a long time now, almost 30 years, and I haven't 
missed a day of work, not one. My responsibility is to be there 
for those athletes, and that's my job. They expect me to be 
there with them all the time." According to ATC 2,

I went in and opened the training room at 7 
in the morning and closed at 7 or 8 at night. 
The coaches thought the sun rose and set 
with me. It wasn't because I knew every 
thing but it was because I was willing to put 
in the time. I think that that's true with most 
successful athletic trainers. I think you can 
make up for what you don't know by work 
ing hard and being interested. Spending time

with kids and being available to them is very 
important."

The personal characteristics of the participants have made 
their careers more successful and fulfilling. However, the 
ATCs could not have accomplished everything alone. They 
received support and direction from the personal relationships 
they have created inside and outside the sporting environment.

Personal Relationships. The development of a bond be 
tween the ATC and the athlete is inevitable while working in 
an athletic training environment. There is a mutual respect for 
one another. Relationships that are created can last a lifetime. 
The following are statements made by ATC 1 and 2, respec 
tively:

As a student, I noticed how much the ath 
letes respected our head athletic trainer, and 
I noticed how much he cared for them in 
return. I thought the way they treated him, 
and the fact that athletes would come back 
years later to see him, was something spe 
cial. There was a special bond that he had 
with the athletes. He taught me to respect 
the athletes and care for them. The very spe 
cial bond that we have with athletes as ath 
letic trainers is hard to find anywhere else. 
I'm not sure everybody has that bond, but I 
think some of us do.
Being involved with the athletes on a day- 
to-day basis is what keeps me going. That 
has made it really easy to stay interested and 
motivated. It's certainly not money, glamour, 
or prestige. When a kid comes back on cam 
pus and the first place that he comes into is 
the athletic training room, it says a lot. 
That's what I will miss the most. Having that 
relationship with the athletes where they de 
pend upon you and respect you. It's always 
been a family to me. They become my chil 
dren.

In a profession where a great deal of time is spent with 
others, the demanding work environment can limit the time 
that is spent at home. As ATC 7 states,

Growing up in a small community, my chil 
dren respected what I did and at the same 
time resented what I did. I was there at the 
big events, but the day-to-day battles and 
struggles in their lives were basically han 
dled by their mother. We always went on the 
basis that what I brought was quality and not 
quantity. I would have liked to spend some 
more time with them so they could under 
stand better where I was coming from. They 
had the opportunity to get an education. I 
think they had a good support structure, and 
they both turned out to be good kids.

Some of the ATCs made special compromises to accom 
modate both family and work as illustrated by the following 
statement by ATC 2: "I have 3 boys, and they are very much 
a part of what I do. They can come in and spend time with 
dad. They love to do that. Sometimes they come out to the 
field for practice. So even though I'm working 90 hours a
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week, they are not spent exclusively away from the family. 
My family is very much involved in a lot of what I do."

One athletic trainer (ATC 4) has changed his views on the 
amount of time spent at work versus time spent at home.

I don't feel that putting in over 70 hours a 
week is the way to function anymore. There 
is more to life than work. It was fine when 
it was just me or my wife and I, but when 
you start a family you have a commitment 
to them as well. In order to be able to give 
of yourself to them, something has to be sac 
rificed. I have lessened my availability in the 
athletic training room to be available to my 
family. When you look at things in proper 
perspective, the first thing is your faith, then 
your family, and then your job. If you keep 
life in that perspective something has to 
give, so I started altering that in my life. I 
do my job to the best of my ability. I try to 
be honest and fair with my athletes and my 
coaches. I think it is important to keep your 
life in balance.

Meaningful experiences and personal attributes can be in 
fluential in the development of an athletic trainer. Without di 
rection, however, these experiences and qualities can go un 
developed. All of the participants had the benefit of a number 
of mentoring role models to guide, encourage, and teach them. 
The next section will describe the final higher-order category, 
mentoring, in greater detail.

Mentoring
Mentoring involves the educational and developmental re 

lationship between a trusted supervisor and a less experienced 
individual. Mentors provide their proteges with the opportu 
nity to learn and grow throughout their careers.

Ways of Learning. The participants had the ability to gain 
knowledge from a number of resources. Most of their knowl 
edge was gained through experience and opportunities work 
ing with other ATCs, coaches, or classroom teachers. As ATC 
7 explains,

[My head athletic trainer's] influence was re 
ally straightforward and very simple. What 
he gave me was an academic and practical 
view of athletic training that I never had. He 
was a real professional. He became a real 
educational avenue and a professional role 
model for me. He was a neat man in that he 
taught me what I wanted to know. I've tried 
to model myself after him. He didn't spoon 
feed it. He sat back and let you get into a 
problem and then tried to help you solve it, 
if you could. I liked his teaching method be 
cause he never browbeat you and he never 
spoon fed you. I thought that was good. 
I learned a lot about intensity from all of our 
coaches. As we moved up in level, the in 
tensity moved up. Your knowledge of what 
people can and can't do changes with ex 
perience. That was a learning experience 
from coaches, not the players.

Another athletic trainer (ATC 2) stated, "One instructor I

had in high school, who taught music of all things, had a 
significant passion for what he did. He loved doing what he 
did and it came through when he dealt with students. He could 
motivate students to do better than they could do otherwise. 
That was a significant influence for me."

Ways of Teaching. The participants promoted learning en 
vironments that allowed their students to grow in the profes 
sion. The participants taught young athletic trainers by allow 
ing them to make their own mistakes and guiding them back 
into the right direction, as the following statements by ATCs 
3, 6, and 5, respectively, illustrate.

I give people enough freedom to either 
lengthen their stride or fail. Some athletic 
trainers like things to be extremely struc 
tured. They like to have everything done a 
certain way all the time. I like to sit down 
with my students and talk about what direc 
tion we are going to take. I'm very strict 
about the emergency medical stuff and those 
parameters, but as far as day-to-day opera 
tions and assignments, what I do is I step 
back and I give my graduate assistant the 
responsibility. I say, "Here are the guide 
lines and parameters in which we need to 
stay as far as legality and organization. This 
is what I have to have done; figure out how 
to do it."
Because of the opportunities that I've had, I 
try to make sure that my students and staff 
have that same type of opportunity in the 
program I now run. There are many different 
ways of doing things, and I let them try their 
way. They may stumble on to the fact that 
the way I do it is the better way, but that's 
for them to learn and not necessarily for me 
to tell them.
I'm going to make sure that all of our stu 
dent athletic trainers get tons of experience. 
I want them to feel like they are getting the 
experience that they need. I'm not just going 
to have people move around from sport to 
sport every 2 weeks. I want them to feel like 
they are part of the one team. I want them 
to get to know the players and feel the same 
things I've felt.

DISCUSSION
Providing an account of the career development experiences 

and major influences of expert ATCs is a necessary step in 
documenting the progression of the discipline of athletic train 
ing. Before this study, such information had never been the 
focus of an empirical research study. Our results contribute 
both theoretically and practically to the athletic training do 
main. In the former, the results extend research on career de 
velopment issues to the field of athletic training. In the latter, 
the results focus on aspects of the profession that are not cov 
ered in most university courses but should be of interest to 
those in the field, regardless of years of experience.

The results of our study are in agreement with the assump 
tions of the person-environment fit theory reviewed by Swan- 
son and Fouad. 1 For example, individuals seek environments 
that allow them to use their abilities. The theory also assumes
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that the process is reciprocal in that the person shapes the 
environment as the environment shapes the person. The ATCs 
in our study developed their skills and gained experience in 
athletic training while simultaneously promoting and changing 
the profession in a positive direction through mentoring and 
hard work. Working within an "industry-specific" training 
program3 gave the participants the education and practical 
skills they needed to function at high levels as ATCs.

Many of the personal attributes of expert athletic trainers 
were also found in Salmela's 16 research on expert coaches. We 
compared our results with expert coaches rather than with oth 
er health care professionals because of the similar time de 
mands and daily contact with athletes. Salmela 16 found that 
expert coaches understood that to reach a high level of success 
in their profession, they had to work long hours and make 
personal sacrifices. These coaches demonstrated a genuine 
concern for their athletes as people. It is possible that some 
personal elements of coaching and athletic training, such as 
caring about athletes, exhibiting a passion for one's job, and 
exuding a strong work ethic, are crucial for achieving success 
in these domains.

It seems reasonable to conclude that part of the success of 
the ATCs can be traced to their genuine concern for the well- 
being of each of their athletes. Although the knowledge of 
many athletes is limited in relation to anatomy and athletic 
training, they do know when you care and when you don't. 
Injuries can occur at any time. When these injuries take place, 
the athlete becomes vulnerable and seeks an athletic trainer for 
help, one who cares about him or her a great deal.

Research has shown that mentorships play an important role 
in the career progression and development of many profes 
sionals. 17"20 Most research in this area, however, has focused 
on mentoring in education and business. Only recently has 
research been performed on mentoring in sport and athletic 
training. The development of the ATCs in the present study, 
particularly early in their careers, was greatly enhanced by 
more experienced individuals. Our results are in agreement 
with Curtis et al,4 who found that student athletic trainers ben 
efited greatly from the guidance and direction of a mentor. Our 
results extend their research by providing a qualitative frame 
work so that the participants could explain how their careers 
were enriched. For example, our ATCs learned from a number 
of different sources, including classroom teachers, other expert 
ATCs, and coaches. The phenomenon of being mentored by 
individuals outside the profession is a rare finding that has not 
been previously addressed in other mentoring research.

Limitations
Although our study enhances the understanding of the ca 

reer development experiences of ATCs, some limitations must 
be addressed. An obvious one is that only male ATCs were 
sampled in the current study. Female ATCs were not included 
for 2 main reasons. First is the hypothesized differences that 
are believed to exist between male and female ATCs. Second, 
we were unable to acquire a sufficient list of female ATCs 
with the same level of experience. Future research that ex 
amines the career development patterns of female ATCs is 
recommended.

Certainly, differences face today's ATCs compared with 
those individuals in our study. For example, the current edu 
cational status, increases in sexual equality, and expansion into 
other nontraditional roles are just some examples. Despite this,

we believe that the results of the current study are still very 
applicable to modern-day athletic training professionals. We 
strongly believe that a passionate, service-oriented, caring, and 
hardworking attitude will always be associated with the ath 
letic training profession and is something that needs to be doc 
umented. It is possible that possessing these variables is as 
important or more important than the academic knowledge and 
resources available to today's ATCs. Along the same line, our 
intent was not to suggest that the career development paths of 
the athletic trainers in this study are the best or only ways to 
become successful in this field. Rather, the intention was to 
summarize the information from a sample of professionals 
who have made, and continue to make, a positive contribution 
to the profession of athletic training.

A final point must be addressed in this section. Unfortu 
nately, it is difficult to translate to the reader the excitement 
and the passion in the voices of these participants as they 
shared their thoughts and knowledge with us. More specifi 
cally, it was especially rewarding to hear their love for the 
profession of athletic training.

CONCLUSIONS

In summary, we attempted to examine an area that has re 
ceived limited empirical attention in the athletic training lit 
erature. Although many individuals have been working in the 
athletic training profession for years, few have actually doc 
umented the steps that took them to the top of their profession. 
It was our desire to begin an exploration and exchange of 
information about this area of importance. We believe that our 
study has contributed to the understanding of the career ex 
periences of expert male Division I ATCs. It also provided a 
unique appreciation for anyone involved in the profession of 
athletic training, particularly those experts who perform at the 
highest level. We hope this article will bring attention to this 
topic and encourage other practitioners to conduct research in 
this fascinating area of athletic training. We also strongly sup 
port the use of innovative and creative methods to study this 
area.
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Objective: To describe the professional socialization process 
of certified athletic trainers (ATCs) in National Collegiate Ath 
letic Association (NCAA) Division I to guide athletic training ed 
ucation and professional development.

Design and Setting: We conducted a qualitative study to 
explore the experiences related to how participants were so 
cialized into their professional roles in Division I.

Subjects: A total of 16 interviews were conducted with 11 
male (68.75%) and 5 female (31.25%) participants who were 
either currently or formerly affiliated with an NCAA Division I 
athletic program.

Data Analysis: The interviews were transcribed, coded, and 
analyzed inductively using a modified grounded theory ap 
proach. Trustworthiness was obtained by peer review, data 
source triangulation, and member checks.

Results: We identified a discernible pattern of socialization

experiences and perceptions among the participants. The pro 
fessional socialization processes of Division I collegiate ATCs 
is explained as a 5-phase developmental sequence: (1) envi 
sioning the role, (2) formal preparation, (3) organizational entry, 
(4) role evolution, and (5) gaining stability.

Conclusions: Examining the professional socialization pro 
cess provides insights into the experiences of Division I colle 
giate ATCs as they prepare for their job responsibilities and 
develop professionally. Appropriate socialization tactics, such 
as the use of a structured mentoring experience, formal orien 
tation, and staff development programming, can be implement 
ed to promote effective professional development. Additionally, 
undergraduate students may be well served if they are educat 
ed to better use informal learning situations during their initial 
socializing events.

Key Words: professional development, qualitative research, 
anticipatory socialization, organizational socialization

P rofessional socialization serves as a driving influence 
that has a profound impact on one's professional devel 
opment. It is also primarily involved with the growth 

and change of one's thoughts, feelings, attitudes, purpose, and 
spirit as a professional. 1 A better understanding of socializa 
tion provides an essential first step to identifying educational 
strategies to improve the undergraduate education and profes 
sional development of certified athletic trainers (ATCs).

Attempting to understand professional socialization as a 
process has given rise to several phase or stage models in other 
disciplines. 2"4 These models have described the experiences 
that professionals endure as they learn a particular role. Gen 
erally, the professional socialization process is divided into 2 
aspects, anticipatory and organizational. Anticipatory sociali 
zation includes aspects of socialization before entering a work 
setting or organization, whereas organizational socialization 
entails processes that occur after entering the work setting or 
organization.

The professional socialization process involves learning par 
ticular skills, values, attitudes, and norms of behavior and is 
considered to be a key component of professional preparation 
and continued development in health and allied medical dis

ciplines. 5 '6 Although the professional socialization process has 
been systematically studied from a multitude of perspectives 
by researchers throughout the 20th century,2 '6" 17 to date we 
are unaware of any research reported on the professional so 
cialization of ATCs. Socialization has been known to be both 
important and inevitable, and in recent years it has been 
viewed as having the power to effect either negative (ie, burn 
out) or positive (ie, personal enrichment) results for health care 
professionals. 18

The purpose of our study was to gain insight and under 
standing about the professional socialization process of Na 
tional Collegiate Athletic Association Division I (NCAA DI) 
collegiate ATCs. Three research questions guided this aspect 
of the study: (1) What informal and formal processes socialize 
ATCs into their professional role at the NCAA DI level? (2) 
How do ATCs perceive their experiences during their first sev 
eral years of practice? (3) Do these experiences change over 
time in a detectable pattern?

METHODS
A qualitative method was used to understand the experienc 

es of ATCs in the NCAA DI context. Qualitative research is
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an interpretation of data based on the meaning that individuals 
give to their experiences. 19 ' 20 According to Boyle, 21 qualita 
tive research is well suited to study individuals who share 
similar social and cultural characteristics. A qualitative inves 
tigation can facilitate the understanding of organizations by 
examining participant knowledge, meaning, and behavior and 
requires a researcher to inspect ideas and practices that influ 
ence the way people conduct themselves professionally in a 
specific organizational context. 22

Theoretic Framework

Symbolic interactionism provided the theoretic framework 
for this study. Symbolic interactionism emphasizes the con 
scious aspects of human behavior related to interaction and 
suggests that a person is active, rather than passive, in creating 
his or her conduct but that the expectations of others involved 
with the interaction are considered. 12' 15 From a symbolic in- 
teractionist perspective, professional socialization is a dynam 
ic, ongoing process marked by one's interaction with others 
and the environment. Using symbolic interactionism as the 
theoretic framework allowed us to discover the development 
of perspectives and meanings related to the participants' so 
cialization processes. We were then able to identify how and 
why they came to envision themselves as ATCs in the NCAA 
DI setting, how they perceived their first several years of prac 
tice in that context, and how they developed their roles over 
time.

Participants

A total of 1 6 interviews were conducted with 11 male 
(68.75%) and 5 female (31.25%) participants who were either 
currently or formerly affiliated with NCAA DI programs. Of 
the 1 6 participants, 11 were currently full-time collegiate 
ATCs, 2 were former full-time NCAA DI collegiate ATCs, 1 
was a current graduate assistant ATC, and 2 were athletic ad 
ministrators (1 athletic director and 1 assistant athletic direc 
tor). The participants collectively represented Districts 3, 4, 5, 
and 9, and they also represented 4 different NCAA DI athletic 
conferences. Additionally, the participants (excluding the grad 
uate assistant and administrators) averaged 11.7 years of ex 
perience as an ATC, 9.2 years of which were at the NCAA 
DI level. Eight of these participants were head ATCs, and 5 
were assistant ATCs. Northern Illinois University's Institution 
al Review Board approved the study, and each participant gave 
informed consent. The participants also gave verbal consent 
for tape recording before each interview.

Six interviews were arranged with individuals, and several 
subsequent participants were selected after the original 6 par 
ticipants suggested the names of other potential participants. 
This is referred to as a snowball sampling strategy. 23 The total 
number of participants was not determined at the outset of the 
study; instead, it was based on the concept of redundancy of 
information or saturation of data. Lincoln and Cuba24 identi 
fied redundancy of information as being the point at which the 
researcher determines that no new information is forthcoming 
or that the same information is being discovered again and 
again from the participants. On reaching this point, data col 
lection was terminated.

Data Collection
Textual data were collected using semistructured interviews 

that were conducted by one researcher (W.A.P.). Eleven of the 
interviews were conducted by telephone, whereas 5 were con 
ducted in person, based on feasibility. Additionally, to trian 
gulate the data and enhance the quality and credibility of the 
analysis, 23 ' 25 athletic administrators and a graduate assistant 
ATC were interviewed to compare alternative perspectives and 
further understand the professional socialization processes that 
occur within this context. Six of the ATCs also consented to 
and participated in follow-up electronic interviews (e-mail) 
that permitted clarification as the data were analyzed and to 
determine that their perspectives had not changed since the 
original interview.

The interviews were designed to determine the meanings 
and central themes in the participants' lives and their relation 
ship to them.26 Moreover, the interviews allowed not only the 
interpretation of the present, but also a re-creation of the past 
experiences of the participants. 27 As such, participants were 
able to reflect on their past experiences and create a greater 
understanding of the processes related to their professional de 
velopment.

To avoid bias in asking questions, a semistructured inter 
view guide was used, and each interview began with the ques 
tion, "Could you give me a little bit of background about 
yourself and what brought you to be a certified athletic trainer 
at the collegiate level?" Examples of other questions or di 
rected statements on the interview guide included the follow 
ing: (1) "Describe your first few years of being an ATC at the 
college level," (2) "What is, or how would you describe, your 
personal and professional mission?" (3) "Has your mission 
changed since you first began practicing as an athletic trainer? 
If so, how?"

Data Analysis
The interview data were transcribed, coded, and analyzed 

inductively using a modified grounded theory approach. 28 
Such an inductive analysis is characterized by the detection of 
concepts, relationships, and understandings,20 ' 29 and the tex 
tual data were initially analyzed by creating concepts and cat 
egories. The transcripts were read and specific incidents or 
experiences were given names or labels that represented them. 
These conceptual statements were then written on index cards, 
examined, and organized into categories according to their 
similarities. This was similar to Lincoln and Cuba's24 process 
of identifying "units of data," such as sentences, paragraphs, 
or comments, that can provide information about particular 
concepts. In this study, subcategories were developed based 
on the anticipatory and organizational socialization experienc 
es and included the following: (1) envisioning the role, (2) 
formal preparation, (3) organizational entry, (4) role evolution, 
and (5) gaining stability. Collectively, these subcategories 
comprised the category "role dynamics: the professional so 
cialization processes of NCAA DI collegiate ATCs."

Establishing Trustworthiness of the Data Analysis 
and Interpretation

Trustworthiness of the data analysis and interpretation was 
established using 3 strategies: (1) data source triangulation, (2) 
member checks, and (3) peer review. Interviewing alternative 
participants (athletic administrators and a graduate assistant
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Processes model of professional socialization of certified athletic 
trainers in National Collegiate Athletic Association Division I.

ATC) and conducting follow-up electronic interviews com 
pleted the data source triangulation. This allowed us to deter 
mine that the experiences remained consistent at other times 
or as individuals interacted30 and to ensure the credibility of 
the study. 20 ' 27

Member checks were completed by taking the interpreta 
tions of the data to 3 of the participants to see if the re 
searcher's interpretations were reasonable.20 Having an expe 
rienced qualitative researcher comment on the findings of the 
study as they emerged constituted the peer review. The review 
was accomplished by having this individual examine the re 
corded transcripts and coding sheets while the various con 
cepts, categories, and themes were explained.

RESULTS

We identified a discernible pattern of career selection influ 
ences and organizational-based experiences and perceptions 
among the participants relative to their challenges and con 
cerns once they entered the collegiate setting. Attempting to 
understand the experiences of the collegiate ATCs interviewed 
for this study gave significant insights into the evolution of 
their professional role and their role stability.

Through the collection and analysis of data, it was deter 
mined that the socialization of ATCs occurred in a 5-phase 
development sequence: (1) envisioning the role, (2) formal 
preparation, (3) organizational entry, (4) role evolution, and 
(5) gaining stability (Figure). This model is presented herein 
and systematically compared with related literature.

Envisioning the Role
Career selection was highly influenced by a personal iden 

tity with the culture of sport. Twelve of the current or former 
full-time collegiate ATCs' primary attraction to athletic train 
ing was a fondness for sport, sport-related health care, or high- 
level competition, or a combination of these. In fact, more than 
half of the participants were themselves former high school or 
collegiate athletes, many of whom were injured during sport 
participation and subsequently cared for by an athletic trainer. 
These individuals, therefore, were able to identify with a ca 
reer that was inextricably linked to the sport culture. When 
asked what brought them to be an athletic trainer at the col

legiate level, it was not uncommon for other participants to 
remark just as one participant explained,

Ever since I could remember, I participated 
in sports and I enjoyed competition. I en 
joyed the camaraderie and being part of a 
team. . . so I wanted to find [a career] that I 
could keep in close contact with that kind of 
atmosphere and be able to help people.

At this stage of the socialization process, the participants ap 
pear to have been strongly influenced by the sport culture and 
a fondness for competition.

Formal Role Preparation
Once the participants in this study envisioned themselves in 

an athletic training role, they each took the necessary and log 
ical steps to become an ATC. Although a person's experiences 
coupled with his or her occupational interests are socializing 
agents, the more formal anticipatory socialization process be 
gins during an undergraduate professional education. The pro 
fessional training generally extends from course work to clin 
ical education or field experience or both. The undergraduate 
experience for the participants in this study, however, did not 
complete the formal preparation process. That is, a graduate 
assistantship (GA) seemed necessary to gain an appropriate 
level of experience to fully prepare them for the NCAA DI 
collegiate setting.

A GA position appeared to be a rite of passage for becoming 
an NCAA DI ATC. Except for one individual, each participant 
in the study had an NCAA DI collegiate athletic GA position. 
Thus, a GA in the collegiate setting is often a prerequisite to 
obtaining a collegiate athletic training position, and it is used 
as training for those aspiring to work in that setting. Unfor 
tunately, however, the participants suggested that the GA is a 
small developmental step rather than an experience that fully 
prepares them for the responsibilities of being a full-time 
NCAA DI ATC.

When asked to compare the GA to the full-time staff po 
sition, one collegiate athletic trainer explained:

When I was a graduate assistant, my sport 
responsibilities were a little different. . . the 
types of athletes that you are dealing with 
and the quantity of the athletes that you are 
dealing with is different as well as the type 
and quantity of the coaches that you are 
dealing with. Now I deal with a larger quan 
tity of coaches on a daily basis and that 
makes [the job] tougher. I also deal with a 
larger quantity of student-athletes.

Not only does the quantity of work differ significantly from 
the GA, but the level of responsibility does also. For example, 
when asked about the change in role from a graduate assistant 
to a full-time staff member, one participant explained that a 
graduate assistant ultimately still had a head ATC or assistant 
ATC who made final decisions.

Organizational Entry Phase: A Period of Uncertainty 
and Adjustment

Making a transition from being a graduate assistant to a full- 
time NCAA DI ATC offered many challenges to the partici-
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pants. The ATCs who were inducted into the NCAA DI or 
ganization consistently stated that they experienced a period 
of uncertainty, although to varying degrees. Additionally, there 
was some evidence of role strain in that the bulk of partici 
pants in the study suggested that they were often over 
whelmed, lacked an understanding of exactly how tasks should 
be completed in the "new system," and were astonished by 
the high volume of work. Thus, the induction period of or 
ganizational socialization was a period of uncertainty and ad 
justment for the ATCs. When asked about her initial collegiate 
experience, one participant exclaimed it to be "overwhelming, 
I was put over here at [this facility]. . . by myself with a grad 
uate assistant in the afternoons . . . but basically [I was] just 
sort of thrown into the fires."

The ATCs entering the NCAA DI settings stated that the 
job differed slightly from what they expected following their 
GA positions. The primary differences were the intense vol 
ume of required work, the added responsibility, and an occa 
sional uncertainty regarding how to act to "fit in." One par 
ticipant, when asked about his initial challenges in collegiate 
athletics, suggested that administrative acceptance is the pri 
mary challenge when entering an organization. He stated, 
"Why I think the main challenge you have is that of accep 
tance. Are you going to be accepted by that administration, 
with the principles and so forth that you stand by?"

The ATCs interviewed in this study overwhelmingly sug 
gested that to adjust to their new professional demands they 
"learned on the run." Much of their survival in the organi 
zational entry period was the by-product of a great deal of 
trial and error as they faced situations for which they felt ill 
prepared, indicating that their formal education was inade 
quate. One participant stated:

I went in [to my first collegiate position], 
and I would try to do something that we had 
done at [the university where I did my grad 
uate work] and were successful with, but it 
wasn't successful. . . [here]. So I'd have to 
re-evaluate and things like that. . . I'll admit 
I learned a lot on the run.

The participants consistently identified a lack of formal in 
duction processes. More specifically, job responsibilities were 
described in writing, but no formal training, orientation, or 
learning processes, apart from administrative tasks (eg, vehicle 
requests, referral procedures, or travel requests), were imple 
mented. When asked about learning their role during the in 
duction process, participants explained that they "learned by 
doing" and relied informally on colleagues.

Moreover, many participants "reached back in order to 
move forward" to successfully learn their role. That is, in 
order for many to meet the demands of their new positions 
without a formal induction process, they often went to previ 
ous mentors for guidance and help.

Despite the formal preparation necessary to enter the col 
legiate setting, ATCs were not completely prepared for what 
they experienced. The length of time this stage lasted, how- 
even varied for each participant. Although the participants 
generally discussed this stage relative to their first year on the 
job, it was apparent with 2 participants that this stage was 
extremely brief.

Role Evolution: A Case of Further Understanding 
the Professional Role

Information was gained about the participants' continued 
development by asking them to explain their professional mis 
sion and whether it had changed since entering the collegiate 
setting. Two less-experienced collegiate ATCs interviewed 
(each with only 2 years of full-time staff experience) had trou 
ble explaining their mission. The initial response from the oth 
ers, however, was that their mission was to provide the best 
quality of health care possible to the athletes. When asked 
about how their mission has changed, many remarked on how 
they had come to understand the full nature of their profes 
sional role and realized its comprehensive nature. For example, 
one participant stated that originally her mission was to pro 
vide the best possible health care. However, she eventually 
learned the other aspects necessary for success:

I think that the student-athletes rely on us in 
several different areas. . . academically [and] 
emotionally. . . because [athletic trainers] are 
a nonthreatening group. You know we are 
not their peers, we are not competing against 
them for a position on the team, we are not 
their coaches to whom they have to prove 
something or be perfect in their eyes. We are 
not their teachers. We're not the administra 
tion. We're not the media. They can sort of 
let their guard down when we are in their 
company and. . . they rely. . . on you a lot 
more than for their physical ailments, and I 
probably didn't realize I was going to be a 
friend and a mother to them when I first 
[started my job].

Another ATC stated that his "mission is to be the best ath 
letic trainer possible. It's to keep the student-athlete in the 
center of the focus and provide the best health care." When 
asked about whether his mission and focus had changed since 
being in collegiate athletics, he stated, "Oh yes, dramatically. 
At one time, all I was worried about was accolades you know, 
is the team winning and those sorts of things. You know, if 
the team wins, do I get a ring?" Over time, though, he moved 
from focusing on acclamation and prestige to the interpersonal 
relationships with the athletes.

It appeared that ATCs were deeply influenced by the rela 
tionships they had with the athletes they served. Undoubtedly, 
after spending season after season, road trip after road trip, 
and practice after practice, adding up to an inordinate number 
of hours, with their patients (something other health profes 
sionals rarely do), the collegiate ATCs came to find that even 
the sense of mission changes over time. They soon learned 
that their role included far more than health care for athletic- 
related injuries and technical aspects of the job. Furthermore, 
it appeared that they became increasingly connected with and 
committed to their patients.

Three participants suggested that their mission changed over 
time to include promoting the profession itself, whereas one 
head ATC indicated that although his mission is to deliver 
quality health care, it is also to create an environment that 
allows his staff to grow both professionally and personally.

Once they better understood their role and evolved as pro 
fessionals, the participants attempted to gain stability in their 
role. Role stabilization, however, was a direct, progressive step 
following role evolution for only a few ATCs. For the others,
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attempting to gain stability resulted in other steps in the pro 
fessional socialization process.

Gaining Stability
Conversations with ATCs who have been in their respective 

settings for several years helped to identify the fifth phase, 
gaining role stability. In an attempt to stabilize one's profes 
sional role, 3 avenues can be taken: (1) stability within, (2) 
refocusing within, and (3) instability.

Finding "stability within" the organization seemed to occur 
when the values of the ATC were relatively congruent with 
the organization's, and fair levels of collegiality and admin 
istrative support existed. In these instances, the perception was 
that the organization was acting in a moral manner. Moreover, 
ATCs were able to use their skills and have a degree of au 
tonomy in their role. Despite any disagreements with the ad 
ministration, these individuals could live with the organiza 
tional constraints and felt as though they still contributed to 
the organization's success and fulfilled their professional mis 
sion. A direct progression to role stability from the role evo 
lution stage was found in 3 instances among all of the inter 
views. An ATC finding this avenue of role stability was asked 
why he felt he was successful:

I think part of it is my dedication to the kids 
and my dedication to the institution. . . Also, 
I think I have a fairly high set of mor 
als. .. to me we have a very ethical pro 
gram. . . and I'm pretty proud that we treat 
everybody equally here. We at least try, and 
I think the ethical moral standpoint we come 
from helps everyone out here too.

"Refocusing within" refers to those individuals who be 
lieved they did not have adequate organizational support or 
commitment as it pertained to their role, yet they chose to 
remain in the organization. They realized that their true reward 
came from helping the student-athletes and being a trusted 
health care provider. These individuals learned to "pick their 
battles" within the organization so they did not become too 
discouraged:

I've gotten—not discouraged—but. . . I re 
alized that athletic training is a priority, but 
it's not one of the main priorities. Winning, 
the coaches, winning coaches, bringing in 
money [and] certain programs are more im 
portant, and [the administration] will address 
those needs, and we are support staff, and 
our needs aren't really addressed. Every 
one's [needs] are addressed before ours, and 
I sort of got very discouraged, and instead 
of getting all upset about it, I just sort of 
accepted it and tried to pick the battles in 
stead of trying to fight for everything.

This same ATC, when asked what keeps her continuing as 
a professional in the collegiate setting, stated the following:

I try to focus on [the student-athletes]. . . I 
mean I work with coaches, and I work with 
[the] administration, but my primary source 
of responsibility is towards the student-ath 
letes for their physical and mental well be 
ing. . . And then if I can nurse an injury back

or get an athlete back on the field. . . that 
makes me feel good. . . And I always try to 
focus on them, even if the coaches complain, 
or the administration wants us to do more.

"Role instability" refers to the ATCs who were unable to 
find adequate organizational support or commitment necessary 
for them to fulfill their professional mission. Subsequently, 
these individuals removed themselves from the organization 
and took another position. This occurred with 3 ATCs. For 
example, one athletic trainer explained how he felt so con 
trolled by some aspects of the organization that he would not 
be able to adequately attain his professional goals:

I would say that the major reason for leaving 
the collegiate setting is that I reached a point 
where I was tired of having my life dictated 
by other people. And, as much as I could be 
responsible and lead our staff of athletic 
trainers and student athletic trainers, I was 
limited in that our ability to function was 
always related to what was dictated by ev 
eryone else [in the organization]. And the 
second part of it was that no matter how hard 
I worked, I never felt like it was enough, or 
that it was good enough. An example would 
be that if a basketball player hurt their knee 
and they were going to see an orthopaedic 
surgeon tomorrow, you know it was never 
"That's great, I'm glad you could get them 
in," it was "Why can't they be seen today? 
Why are we waiting on this, why aren't they 
doing. . . their surgery now, why is the MRI 
scheduled for Friday and today's Monday?"

It must be made clear that role exiting occurred not only 
with those ATCs experiencing role instability, but with one 
individual who refocused within and another who experienced 
a long period of role stability. For example, one participant 
explained that after being in a period of role stability for 1 3 
years, he was influenced by organizational changes that even 
tually led to his exiting his role.

I stayed there for 13 years, and it wasn't un 
til the 13th year that another administrator 
came in and a coach who [also] administered 
and started actually using steroids with the 
team at that time. And then I bailed out. I 
got out of there. There was no hope for me. 
They didn't like me, and I didn't like them, 
and I lost everything. They brought in a new 
group of team doctors. They . . . [dis 
missed]. . . the doctors that had been there 
since I had [been there] and hired a new 
bunch. So I had no support there. I lost that. 
And once I lost that, I knew there was no 
hope for me. So I bailed. I got out.

DISCUSSION

Investigating the experiences of NCAA DI collegiate ATCs 
from a process perspective identifies the transitional periods in 
their anticipatory and organizational socialization. The follow 
ing section will compare our results with the socialization lit 
erature.
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Anticipatory Socialization
Consistent with the literature,31 the experiences throughout 

the participants' lives and interactions with significant others 
and the organization influenced their professional role and ca 
reer choices. The anticipatory socialization stage is forged by 
several cultural influences, including the professional disci 
pline, professional influences, individual factors, and societal 
influences. 2 Anticipatory socialization occurs when people are 
able to anticipate what it would be like as a member of a 
particular group or occupation to which they do not yet be 
long. 6 With respect to selecting athletic training as a career, 
participants in this study identified with and were influenced 
by the culture of sport. Lawson32 stated that "sport sociali 
zation is the process by which individuals acquire the knowl 
edge and skills necessary for sport participation as well as the 
meaning derived from such participation." Socialization 
through sport can also nurture one's choice of career related 
to sport. 32 Moreover, socialization through sport can affect the 
psychosocial development and socialization into roles outside 
sport. 33

Lum30 stated that social roles are imagined by virtue of a 
person's "reflective thought through the manipulation of sym 
bols." Such anticipation leads an individual to adopt specific 
group values and beliefs that facilitate his or her acceptance 
into a group. 2 Therefore, because the participants in this study 
were highly influenced by the sport culture, they were able to 
envision themselves in a sport setting.

The anticipatory phase extends into the formal role prepa 
ration phase during the undergraduate and graduate student 
experiences that can be viewed as a process of developing a 
stronger vision about what it means to be an collegiate athletic 
trainer.

Organizational Socialization
Entry into the NCAA DI setting begins the organizational 

socialization of the ATC. As professionals enter an organiza 
tion to work, they often commit themselves to a particular way 
of life complete with its rewards, associations, demands, and 
possibilities."

Organizational socialization has been described as a learn 
ing process whereby individuals understand and make sense 
of their new context, subsequently "learning the ropes" of a 
specific organizational role." This process simply allows a 
novice to become a mature practitioner. Initial entry is consid 
ered an extension of anticipatory socialization, because it in 
cludes those processes that occur before an individual enters 
an organization and shortly thereafter. Our findings are con 
sistent with other findings that suggest that entering a new 
position is considered to be an extremely demanding experi 
ence. 34 Despite the effort put into undergraduate education and 
using the GA as a rite of passage, many inductees into the 
NCAA DI athletic organization still had formidable challenges 
and adjustments to make to adapt to their roles. Such a tran 
sitional period, therefore, is an excellent opportunity to con 
sider the use of socialization tactics"-35 and educational inter 
ventions, such as a structured mentoring experience, formal 
training or orientation, and staff development programming, 
which can offer support from a multitude of perspectives.

Many of the participants reported contacting previous men 
tors for advice about how to handle challenging situations in 
their new work environment. Such advice from these mentors 
helped them to gather themselves and move toward confront

ing the challenges faced in their work environment. This par 
ticular point in their development may be well suited for a 
more structured mentor relationship with individuals who are 
in the same or a similar context. Adult mentors can help in 
dividuals understand how to better navigate their work envi 
ronments.

The establishment of mentors and role models is essential 
to effective lifelong education in the professions. 36 The pro 
fessional socialization literature consistently recommends 
mentoring as a useful strategy for dealing with issues of in 
duction and role continuance. In fact, mentoring systems at the 
organizational level are often used "to introduce people to the 
inner network of the organization, which may assist them in 
their career advancement." 37

At the organizational level, a formally structured learning 
orientation may attenuate some of the uncertainty experienced 
by ATCs entering and evolving through the NCAA DI setting 
as full-time staff members. One participant suggested that he 
was oriented about such things as travel procedures and in 
surance issues but not about other aspects of organizational 
procedures and norms. A more formalized orientation can help 
reduce role ambiguity that may lead to role strain. 38 Athletic 
training supervisors and administrators must recognize the 
day-to-day learning needs of personnel and initiate individu 
alized goals, objectives, and learning plans to facilitate a 
smooth organizational entry and professional development 
over time.

The experiences of ATCs inducted into the NCAA DI set 
ting are surprisingly similar to those of teachers documented 
by Lortie. 39 Many teachers learned by doing and entered into 
a "sink or swim" proposition. They were required to begin 
their role with a full level of responsibility and perform a full 
complement of teaching tasks. In like fashion, inducted ATCs 
are expected to begin their roles with the same responsibilities 
as an ATC who has several years of experience. Consequently, 
they learned the finer points of their role by solving problems 
as best they could, often through trial and error.

These learning experiences during the organizational entry 
period were informal in nature. Thus, undergraduate student 
athletic trainers may be well served if they are educated about 
the initial entry into a professional role and how to better use 
informal learning situations during their initial socializing 
events. As such, facilitating self-directed learning among un 
dergraduate students can potentially better prepare them for 
the independent learning required in the workplace. If practi 
tioners are learning through trial and error, then facilitating 
reflective practice with undergraduate and graduate-level stu 
dents becomes paramount. Furthermore, because practitioners 
are ultimately expected to function independently in a work 
environment, perhaps more attention should be given to pro 
gressing student athletic trainers from a more dependent clin 
ical education environment to a more independent field ex 
perience environment during the anticipatory socialization 
period. Other disciplines have used or required internships, 
preceptorships, residencies, and fellowships to allow students 
to gain an appropriate level of experience to prepare for a 
given professional role.

Given the nature of organizational entry, role evolution, and 
gaining role stability among participants in this study, it ap 
pears advisable that potential ATCs in the NCAA DI setting 
obtain information relative to the type of orientation and di 
rection they will be given once they enter the setting. Exam 
ples include whether a formal mentoring or orientation pro-
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gram exists to help them adjust to their new demands, the 
amount and type of feedback they will be given, and the type 
of organizational support they can expect.

Parkay et al40 suggested that individuals could benefit from 
opportunities to interact with others who are at higher phases 
of professional development. Similarly, ATCs just entering an 
organization could benefit from interacting with other ATCs 
who have gained role stability. Such interactions could facil 
itate the professional socialization process and the aspects of 
professional development that have aided them as profession 
als. This particular strategy may also be helpful for under 
graduate student socialization as well, because understanding 
what to expect from an organization can facilitate a more ef 
fective anticipatory socialization.

The findings of professional socialization in this study par 
allel those reported by Wanous4 after he synthesized many 
stage models of organizational socialization. He suggested that 
when individuals enter an organization, they discover either a 
confirmation or disconfirmation of their expectations and iden 
tify work-related conflicts. Soon individuals clarify their roles 
and learn how to work within the organizational structure. An 
individual then establishes commitments and learns the behav 
iors that are consistent with the organization, subsequently be 
coming an insider. The exception to the model derived from 
this study, however, is those who did not gain role stability. 
In these instances, the ATCs' attitudes, values, and ideals were 
not consistent with the organizations'. These particular indi 
viduals refocused their commitments or removed themselves 
from the organization and took a position at a different uni 
versity or a different practice setting (eg, sports medicine clin 
ic). It is critical, therefore, that potential staff ATCs gain a 
great deal of information relative to the organization's values, 
priorities, and expectations to ensure congruity between the 
individual and the organization to enhance movement toward 
role stability in that setting. This is particularly important be 
cause a work context may either reinforce or contradict the 
previous socialization procedures that an ATC has experi 
enced.

Limitations
One limitation of our study is that it was not longitudinal. 

Rather, we relied on the participants' ability to reflect on past 
experiences and perceptions with respect to their socialization. 
Decker et al 12 used a similar strategy, however, in a landmark 
study on the socialization of medical students. The profes 
sional development of NCAA DI collegiate ATCs is a prime 
topic for a longitudinal study to clarify the findings presented 
herein. Such long-term contact with subjects may uncover sig 
nificant insights not revealed in this study. Another limitation 
is linked to the generalizability of the study. Although quali 
tative research that uses small sample sizes may be transferable 
to similar contexts, it may not be generalizable. Therefore, 
additional research investigating the professional socialization 
process in other contexts or settings is necessary to identify 
potential educational strategies required to facilitate profes 
sional growth.

CONCLUSION

We attempted to answer 3 primary questions: (1) What in 
formal and formal processes socialize ATCs into their profes 
sional roles at the NCAA DI level? (2) How do ATCs perceive

their experiences during their first several years of practice? 
(3) Do these experiences change over time in a detectable 
pattern? The conclusions from this study suggest that the pro 
fessional socialization process of ATCs into their professional 
roles at the NCAA DI level appears to be primarily informal 
or unstructured in nature, as indicated by statements such as 
"learning on the run" and "learning by doing." Moreover, 
this informal socialization process often involved participants' 
contacting previous mentors for guidance and advice. The so 
cialization experiences during the first several years of practice 
appeared to create a great deal of uncertainty and adjustment 
among the ATCs, but they soon learned the multifaceted na 
ture of their responsibilities as their roles evolved.

Our findings give insight into a discernible pattern of not 
only socialization experiences and perceptions among the par 
ticipants' organizational socialization but also their anticipa 
tory socialization. As such, the professional socialization pro 
cesses of DI collegiate ATCs is explained as a 5-phase 
developmental sequence: (1) envisioning the role, (2) formal 
preparation, (3) organizational entry, (4) role evolution, and 
(5) gaining stability.

The professional development process model presented 
herein explicates the socialization process of NCAA DI col 
legiate ATCs. Further examination of individuals who have 
gained role stability may uncover vital and critical events that 
allowed them to succeed within their organization.

The profession of athletic training has devoted significant 
effort to reforming undergraduate athletic training education, 
but the professional socialization process in athletic training 
education programs has been a neglected research area. There 
fore, it is advisable for future researchers to investigate the 
development of a professional orientation among student ath 
letic trainers to understand the specific professional values and 
attitudes to which students are socialized.
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Objective: To define the nomenclature and physiologic 
mechanisms responsible for functional joint stability.

Data Sources: Information was drawn from an extensive 
MEDLINE search of the scientific literature conducted in the 
areas of proprioception, neuromuscular control, and mecha 
nisms of functional joint stability for the years 1970 through 
1999. An emphasis was placed on defining pertinent nomen 
clature based on the original references.

Data Synthesis: Afferent proprioceptive input is conveyed to 
all levels of the central nervous system. They serve fundamen

tal roles in optimal motor control and sensorimotor control over 
functional joint stability.

Conclusions/Applications: Sensorimotor control over the 
dynamic restraints is a complex process that involves compo 
nents traditionally associated with motor control. Recognizing 
and understanding the complexities involved will facilitate the 
continued development and institution of management strate 
gies based on scientific rationales.

Key Words: proprioception, neuromuscular, motor control

T he purpose of this 2-part series is to provide an over 
view of the current understanding surrounding periph 
eral afferent information acquisition and processing and 

levels of motor control as they relate to functional joint sta 
bility. We recognize that these papers focus heavily upon basic 
science research that, in many circumstances, lacks immediate 
clinical application. Our premise is to present the athletic train 
ing community with an introduction concerning how the dy 
namic restraints are activated and controlled by the motor con 
trol system of the body. Our goal is that these papers may 
initiate common understanding regarding the terminology and 
underlying physiology associated with proprioception and neu 
romuscular control. Ultimately, by establishing a baseline un 
derstanding about the sensorimotor system, clinical techniques 
can continue to be developed and applied with scientific ratio 
nale. Furthermore, through this understanding, clinicians can 
appreciate future developments and research directions focus 
ing on the restoration of functional joint stability.

The purpose of this first paper is to introduce the sensori 
motor motor system, the biological system that controls the 
contributions of the dynamic restraints for functional joint sta 
bility. A secondary purpose is to define the nomenclature per 
taining to the mechanisms responsible for both the sensory and 
motor components of proprioception and neuromuscular con 
trol for the maintenance of functional joint stability.

PERTINENT TERMINOLOGY
Before examining the specialized components and physio 

logic intricacies of the sensorimotor system, we must begin

our discussion by defining some broad terms used in the med 
ical and physiologic literature. Homeostasis is defined as the 
dynamic process by which an organism maintains and controls 
its internal environment despite perturbations from external 
forces. 1 Because cells, tissues, and organs operating within the 
body can only function within narrow ranges of environmental 
conditions, maintaining homeostasis becomes the major driv 
ing force underlying many, if not all, physiologic functions of 
the body. The body is composed of many systems that operate 
automatically and subconsciously to maintain the body in a 
homeostatic condition. 2 A system is specifically defined as an 
organized grouping of related structures that perform certain 
common actions. 3 Systems are organized hierarchically, be 
ginning at the cellular level, and contribute to bodily homeo 
stasis in specific domains. In a healthy individual, the system's 
homeostasis is usually maintained by 2 different control sys 
tems. Stimulation of a corrective response within the corre 
sponding system after sensory detection is often considered 
feedback controls. In contrast, feedforward controls have been 
described as anticipatory actions occurring before the sensory 
detection of a homeostatic disruption.4 '5 Initiated feedback ac 
tions are largely shaped by previous experience with the de 
tected stimulus. Somatosensory, visual, and vestibular input 
provides the information necessary for both forms of control 
during motor activities; however, the methods of information 
processing differ. 5 Feedback control is characterized by a con 
tinual processing of afferent information, providing response 
control on a moment-to-moment basis. In contrast, afferent 
information during feedforward control is used intermittently 
until feedback controls are initiated.5 '6
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Unfortunately, classifying an action as either feedback or 
feedforward is not as straightforward as their definitions sug 
gest. In some circumstances, a combination of both feedfor 
ward and feedback control exists, such as during the mainte 
nance of postural control. 6 Additionally, consider the situation 
in which a subject watches a tester trigger a device that in 
duces a joint perturbation. Many subjects will naturally "tense 
up" when they see the tester beginning to push the trigger 
before the perturbation. Whether the muscle activation before 
the perturbation reaching the joint is the result of feedforward 
or feedback control remains controversial. For this reason, the 
term feedforward control has been recommended to describe 
actions occurring upon the identification of the beginning, as 
well as the effects, of an impending event or stimulus.4 '5 '7 In 
contrast, feedback control should be used to describe actions 
occurring in response to the sensory detection of direct effects 
from the arrival of the event or stimulus to the system.

The actions occurring with both feedback and feedforward 
controls involve the hierarchic organization of a system, be 
ginning at the cellular level and extending through both the 
tissue and organ levels. The action patterns used to restore 
homeostasis are defined as mechanisms? For example, the re- 
llexive response is the mechanism the body uses to maintain 
or restore joint stability after an imposed joint perturbation. 
Within a given mechanism are multiple processes that ulti 
mately lead to the achievement of the result. In the case of 
joint perturbation, the processes include mechanoreceptor 
stimulation, neural transmission, integration of the signals by 
the central nervous system (CNS), transmission of an efferent 
signal, muscle activation, and force production. By definition, 
for the purposes of this paper, assessing a mechanism refers 
to the cumulative outcome of the underlying processes. During 
many clinical and research evaluations, inferences about the 
integrity of mechanisms are made by measuring specific char 
acteristics of the underlying processes. Onset latency of mus 
cle activation, as measured through electromyography, is fre 
quently assessed in joint perturbation.

One additional physiologic term requiring attention in a 
broad context before our specialized discussion is stability. 
Stability is defined as the state of remaining unchanged, even 
in the presence of forces that would normally change the state 
or condition. 3 It has been further described as the property of 
returning to an initial state upon disruption.4 With respect to 
joints, based on the above definitions, we define stability as 
the state of a joint remaining or promptly returning to proper 
alignment through an equalization of forces.

THE SENSORIMOTOR SYSTEM

The sensorimotor system, a subcomponent of the compre 
hensive motor control system of the body, is extremely com 
plex. The term sensorimotor system was adopted by the par 
ticipants of the 1997 Foundation of Sports Medicine Education 
and Research workshop to describe the sensory, motor, and 
central integration and processing components involved in 
maintaining joint homeostasis during bodily movements (func 
tional joint stability) (Figure I). 9 The components giving rise 
to functional joint stability must be flexible and adaptable be 
cause the required levels vary among both persons and tasks. 
The process of maintaining functional joint stability is accom 
plished through a complementary relationship between static 
and dynamic components. Ligaments, joint capsule, cartilage, 
friction, and the bony geometry within the articulation com-
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Figure 1. The sensorimotor system incorporates all the afferent, 
efferent, and central integration and processing components in 
volved in maintaining functional joint stability. Although visual and 
vestibular input contributes, the peripheral mechanoreceptors are 
the most important from a clinical orthopaedic perspective. The 
peripheral mechanoreceptors (pictured on the lower left) reside in 
the cutaneous, muscular, joint, and ligamentous tissues. Afferent 
pathways (dotted lines) convey input to the 3 levels of motor con 
trol and associated areas such as the cerebellum. Activation of 
motor neurons may occur in direct response to peripheral sensory 
input (reflexes) or from descending motor commands, both of 
which may be modulated or regulated by the associate areas (gray 
lines). Efferent pathways from each of the motor control levels 
(solid lines) converge upon the alpha and gamma motor neurons 
located in the ventral aspects of the spinal cord. The contractions 
by the extrafusal and intrafusal muscle fibers cause new stimuli to 
be presented to the peripheral mechanoreceptors.

prise the static (passive) components. 10 ' 11 Dynamic contribu 
tions arise from feedforward and feedback neuromotor control 
over the skeletal muscles crossing the joint. Underlying the 
effectiveness of the dynamic restraints are the biomechanical 
and physical characteristics of the joint. These characteristics 
include range of motion and muscle strength and endurance. 

From these descriptions of static and dynamic stability com 
ponents, it becomes apparent that the terms are not synony 
mous. Integrity of static stabilizers is measured through clin 
ical joint stress testing (ligamentous laxity testing) and 
arthrometry, giving rise to the frequently used term clinical 
stability. Because of the complexity of the control over the 
dynamic restraints, measuring dynamic stability is more chal 
lenging. Currently, as described in a companion paper, 12 we 
are only able to quantitatively measure certain characteristics 
of the dynamic stability mechanism.

PROPRIOCEPTION AND NEUROMUSCULAR 
CONTROL

Proprioception predominates as the most misused term 
within the sensorimotor system. It has been incorrectly used 
synonymously and interchangeably with kinesthesia, joint po 
sition sense, somatosensation, balance, and reflexive joint sta 
bility. In Sherrington's 13 original description of the "proprio- 
ceptive system," proprioception was used to reference the 
afferent information arising from "proprioceptors" located in 
the "proprioceptive field." The "proprioceptive field" was 
specifically defined as that area of the body "screened from 
the environment" by the surface cells, which contained recep-
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Figure 2. Sensations arising from somatosensory sources.

tors specially adapted for the changes occurring inside the or 
ganism independent of the "interoceptive field" (alimentary 
canal and viscera organs). 13 In several of his writings, Sher- 
rington 13 ' 14 declared proprioception as being used for the reg 
ulation of total posture (postural equilibrium) and segmental 
posture (joint stability), as well as initiating several conscious 
peripheral sensations ("muscle senses"). Although he consid 
ered vestibular information to be proprioceptive with respect 
to the head, Sherrington 13 clearly delineated the functions of 
labyrinth from those receptors in the periphery. According to 
Matthews, 15 Sherrington described 4 submodalities of "muscle 
sense" in Schafer's Textbook of Physiology: (1) posture, (2) 
passive movement, (3) active movement, and (4) resistance to 
movement. These submodality sensations correspond to the 
contemporary terms joint position sense (posture of segment), 
kinesthesia (active and passive), and the sense of resistance or 
heaviness. Thus, proprioception correctly describes afferent in 
formation arising from internal peripheral areas of the body 
that contribute to postural control, joint stability, and several 
conscious sensations.

In contrast to proprioception, the term somatosensory (or 
somatosensation) is more global and encompasses all of the 
mechanoreceptive, thermoreceptive, and pain information aris 
ing from the periphery.2 Conscious appreciation of somato 
sensory information leads to the sensations of pain, tempera 
ture, tactile (ie, touch, pressure, etc), and the conscious 
submodality proprioception sensations. Thus, as Figure 2 il 
lustrates, conscious appreciation of proprioception is a sub 
component of somatosensation and, therefore, the terms should 
not be used interchangeably.

Although Sherrington's definition of the proprioceptive field 
clearly excludes the receptors sensitive to the external envi 
ronment ("extero-ceptive field"), he did not imply that the 
receptors in each region function in total exclusion of one 
another. Rather, Sherrington recognized the interaction be 
tween receptors located in both regions of the body, referring 
to the relationship between the receptors in the exteroceptive 
and proprioceptive environments as "allied." Specifically, 
with respect to conscious proprioception appreciation, this as 
pect of proprioception has undoubtedly led to much of the 
confusion surrounding the interpretation of conscious propri 
oceptive acuity in persons suspected of having diminished pro 
prioceptive information arising from articular sources follow

ing orthopaedic injury. Care is required to differentiate 
between the sources of proprioception and the conscious sen 
sations of proprioception because receptors located in the pro 
prioceptive field may not be the only contributory sources. 
Depending upon the exact circumstances of a situation or task, 
sources contributing to conscious sensations of proprioception 
(ie, joint position sense) could potentially include the deeper 
receptors (ie, joint and muscle mechanoreceptors) typically as 
sociated with proprioception or the more superficial receptors 
that elicit tactile sensations, or both. Therefore, although the 
proprioception and tactile sensations are considered to be dis 
tinctly different sensory phenomena, similar sensory organs 
may contribute to each conscious sensation under particular 
conditions. A complete discussion of the sources contributing 
to conscious proprioception perception is presented in a later 
section of this paper.

Lastly, mechanoreceptors conveying proprioceptive infor 
mation are often labeled as proprioceptors. I3 - I4J6J7 However, 
in addition to mechanoreceptors located in Sherrington's pro 
prioceptive field being referred to as proprioceptors, the term 
has also been used for the mechanoreceptors located at the 
surface of the body, and portions of the vestibular apparatus 
responsible for conveying information regarding the orienta 
tion of the head with respect to gravity. Thus, to avoid poten 
tial confusion from this wide disparity of use, we recommend 
utilizing more specific references to the mechanoreceptors of 
interest.

Neuromuscular control is a frequently used term in many 
disciplines related to motor control. It can refer to any of the 
aspects surrounding nervous system control over muscle ac 
tivation and the factors contributing to task performance. Spe 
cifically, from a joint stability perspective, we define neuro- 
muscular control as the unconscious activation of dynamic 
restraints occurring in preparation for and in response to joint 
motion and loading for the purpose of maintaining and re 
storing functional joint stability. Although neuromuscular con 
trol underlies all motor activities in some form, it is not easily 
separated from the neural commands controlling the overall 
motor program. For example, in throwing a ball, particular 
muscle activation sequences occur in the rotator cuff muscles 
to ensure that the optimal glenohumeral alignment and com 
pression required for joint stability are provided. These muscle 
activations take place unconsciously and synonymously with 
the voluntary muscle activations directly associated with the 
particulars of the task (ie, aiming, speed, distance). Proprio 
ceptive information concerning the status of the joint and as 
sociated structures is essential for neuromuscular control. The 
use of proprioception for motor control and neuromuscular 
control is the focus of part II of this article.

PERIPHERAL SENSORY PATHWAYS

Sources of Proprioceptive Input
Based on Sherrington's definition of the proprioceptive field, 13 

the mechanoreceptors responsible for proprioceptive information 
are primarily found in muscle, tendon, ligament, and cap 
sule,5 ' 11 ' 18"28 with the mechanoreceptors located in the deep skin 
and fascial layers traditionally associated with tactile sensations 
being theorized supplementary sources. 18'25 '28"30 In general, 
mechanoreceptors are specialized sensory receptors responsible 
for quantitatively transducing the mechanical events occurring in 
their host tissues into neural signals.28 Although the process gen-
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erally occurs in a similar manner across the various mechano- 
receptors, each morphologic type possesses some degree of spec 
ificity for the sensory modality to which it responds (light touch 
versus tissue lengthening), as well as the range of stimuli within 
a sensory modality. 31 As several detailed reviews have been pub 
lished on the subject,"'22"24'28 '32"34 we offer only a brief review 
of the characteristics and functions of joint and muscle mecha- 
noreceptors.

Although 4 types of receptors are dispersed throughout lig- 
amentous and capsular tissues, Ruffini receptors are the most 
frequently described. 22 They are considered to behave as both 
static and dynamic receptors based on their low-threshold, 
slow-adapting characteristics. 26 In contrast, the low-threshold, 
rapidly adapting characteristics of Pacinian corpuscles cause 
them to be exclusively classified as dynamic receptors. 26 Also 
present in these tissues are Golgi tendon organ-like endings 
and free nerve endings. 11 - 26 ' 28 '35

Mechanoreceptors located within musculotendinous tissue 
include the Golgi tendon organs (GTOs) spaced along the 
musculotendinous junction at varying intervals and the muscle 
spindles located in the muscle tissue. Through each GTO pass 
es a small bundle of muscle tendon fibers destined to attach 
to muscle fibers. This series arrangement, coupled with the 
very low threshold and high dynamic sensitivity exhibited by 
the sensory endings, enables GTOs to provide the CNS with 
feedback concerning muscle tension. 23 GTOs function pri 
marily in signaling active muscle tension (tension developed 
during contraction) rather than passive tension (tension devel 
oped during inactive muscle stretching). 23

As a whole, muscle spindles are responsible for conveying 
information regarding muscle length and rate of changes in 
length. Muscle spindles consist of specialized afferent nerve 
endings that are wrapped around modified muscle fibers (in- 
trafusal fibers), several of which are enclosed in a connective 
tissue capsule. 19 ' 36 There are different types of intrafusal fi 
bers: some are mainly sensitive to changes in muscle length, 
whereas others are more sensitive to the rate of change in 
muscle length. 36

Although the central areas of the intrafusal muscle fibers 
lack contractile elements, the peripheral areas contain contrac 
tile elements, which are innervated independent of extrafusal 
(skeletal) muscle fibers via the gamma motor neurons (y 
MNs). Activation of the peripheral contractile elements 
stretches the central regions containing the sensory receptors 
from both ends. This results in an increase in the firing rates 
of the sensory ending and an increase in the sensitivity of the 
muscle spindle to length changes. 19 At the spinal level, various 
peripheral receptors, such as skin receptors, articular receptors, 
and chemoreceptors, strongly influence the activity of the y- 
MN system24 - 37"41 and, therefore, the muscle spindle in pro 
viding afferent information.

Sensory Integration at the Spinal Cord Level
Integration of sensory input received from all parts of the 

body is largely considered to begin at the level of the spinal 
cord. Integration describes the summation, gating, and mod 
ulation mechanisms that occur as a result of various combi 
nations of excitatory and inhibitory synapses with the afferent 
neurons. 7 These synapses may originate from several sources, 
such as other afferent fibers or neurons conveying descending 
signals from higher CNS structures. Afferent integration is an 
essential component of coordinated, fluid motor control and
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Figure 3. The final common input hypothesis. 24 Peripheral recep 
tors from cutaneous, muscle (Golgi tendon organs and muscle 
spindle afferents), and articular tissues, as well as descending 
commands from supraspinal areas, converge onto the static and 
dynamic 7 motor neurons. Collectively, all of these influences alter 
the sensitivity of muscle spindles; thus, the final afferent signals 
arising from the muscle spindles can be considered a function of 
both the preceding influential activity and muscle length.

occurs along all levels of the CNS. This section offers only a 
brief overview of afferent integration at the spinal level, as a 
detailed review has previously been published.42

In contrast to the few tactile neurons that travel directly to 
the cortex without synapsing,43 many of the axons conveying 
proprioceptive information bifurcate once they enter the dorsal 
horn of the spinal cord to synapse with interneurons. The es 
sence of afferent integration at the spinal cord level lies with 
the interneurons and the neurons connecting with higher CNS 
levels. Control over these neurons via descending commands 
from the brain stem and cortex provides these centers with the 
ability to filter the sensory input that will be conveyed via the 
ascending tracts. 7 In other words, the supraspinal CNS regions 
modulate the sensory information from the periphery that en 
ters the ascending tracts.

An additional hypothesis, the final common input hypoth 
esis proposed by Johannson et al,24 presents an additional and 
supplemental integrative mechanism. This hypothesis resides 
on the strong influence that the muscle, skin, and joint affer 
ents and descending pathways have over gamma neuron acti 
vation. 24 As mentioned previously, the peripheral regions of 
intrafusal muscle fibers contain contractile elements innervated 
by y MNs, with the level of activation directly controlling 
muscle spindle sensitivity. Any of the signals barraging the y- 
MN pools alter their level of activation, and, therefore, influ 
ence the input arising from the muscle spindles. Thus, the 
afferent signals from muscle spindles are hypothesized to be 
a function of muscle length changes superimposed on the in 
tegrated peripheral receptor and descending pathway infor 
mation. In this manner, the -y-MN system may be considered 
a "premotor neuronal integrative system" that conducts "po- 
lymodal feedback" to the CNS (Figure 3). 24

Proprioceptive Coding to Higher CNS Centers
Two theories describe the methods by which specific pro 

prioceptive messages from the various receptors are conveyed 
to the CNS. The first theory, the labeled line theory, is based
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on the presumption that each unique stimulus triggers a certain 
receptor connected to a specific nerve fiber that terminates at 
a specific point or multiple points within the CNS. 2 Critics of 
this theory suggest that it neglects the fact that most receptors 
and neurons appear to be sensitive to different types of stimuli 
and not only to a specific stimulus. The second theory, ensem 
ble coding, suggests that proprioceptive information is trans 
ferred to the CNS through an encoding across a neural pop 
ulation of receptors rather than discrete units from the 
individual receptors.41 Originally proposed by Erickson,31 this 
theory proposes that receptors possess unique, but overlap 
ping, ranges of sensitivity. Application of this theory to the 
sensorimotor system has been largely a result of the work by 
Johansson et al. 11 '24 Clinically, this theory may help explain 
the improved conscious proprioceptive acuity44"46 and reduc 
tion in subjective instability complaints associated with elastic 
wraps and neoprene bracing.

Ascending Spinal Tracts Conveying Proprioceptive 
Information

Most proprioceptive information travels to higher CNS lev 
els through either the dorsal lateral tracts or the spinocerebellar 
tracts. The 2 dorsal lateral tracts are located in the posterior 
region of the spinal cord and ultimately convey the signals to 
the somatosensory cortex. Although the majority of the sen 
sations traveling in this tract are touch, pressure, and vibration, 
various amounts of the conscious appreciation of position and 
kinesthetic sensations have also been attributed to this tract.2 '43 
The spinocerebellar tracts are characterized by the fastest 
transmission velocities in the CNS. As their name suggests, 
the spinocerebellar tracts terminate in various areas of the cer 
ebellum, where the signals may be processed and integrated 
with other afferent and descending information. In contrast to 
the conscious sensory appreciation associated with the dorsal 
lateral tracts, the spinocerebellar tracts are believed to be re 
sponsible for "nonconscious proprioception" (ie, limb posi 
tion, joint angles, and muscle tension and length) used for 
reflexive, automatic, and voluntary activities. 25 In addition to 
relaying peripheral afferent information, parts of these tracts 
are associated with transmitting an efferent copy of motor neu 
ron drive back to the higher CNS levels.43

Conscious Perception of Proprioception
Sherrington's early 1900s view attributing the sense of kin- 

esthesia and joint position sense ("muscular sense") to muscle 
receptors was accepted for most of the century, 15 with a brief 
hiatus existing for a short time period (1950-1970) when sev 
eral authors 15 '47 considered joint receptors to be the primary 
source. The change of belief was initiated by the results of 
several studies considering occulomotor system problems and 
the overall lack of evidence supporting direct group I afferent 
projections to the sensorimotor cortex. 15 The premise shifted 
back to muscle receptors after the demonstration of joint re 
ceptors' response voids through the midranges of motion48 '49 
and reports of movement illusions caused by tendon vibra 
tion.50 Our survey of the available literature on this topic up 
to present times reveals a plethora of conflicting evidence sup 
porting each tissue's receptors (joint, muscle, and cutaneous) 
as the predominant source. Even more uncertain is supposition 
on the contribution individual morphologic receptors make 
within each tissue (joint, muscle, and cutaneous) during func

tional, full-range joint movements. Rather than attempting to 
review all the original work conducted in this area, which by 
itself would become a lengthy paper, we will highlight some 
of the major findings and discuss the implications of the con 
tinued controversy with respect to conscious appreciation of 
joint position sense (IPS) and kinesthesia.

The first step in determining whether a group of tissue re 
ceptors could potentially contribute to conscious appreciation 
of kinesthesia and IPS is through documentation of response 
sensitivity through the full physiologic range of joint motion. 
Through the use of animal models, several investiga- 
tors48 '49 '51 - 52 have concluded that mechanoreceptors located in 
the joint capsule do not appear to be sufficiently stimulated 
through the midranges of motion to contribute substantially to 
proprioception, especially in relation to the seemingly potent 
input stemming from muscle receptors. 53 Several au 
thors35 '47 '54 have concluded, based on this evidence, that joint 
capsular afferents are unlikely to signal JPS and kinesthesia 
information through the midranges of motion and that their 
only proprioceptive function is signaling endranges of motion. 
Grigg28 discredited ligamentous receptors as probable candi 
dates based on their low numbers (with respect to joint cap 
sule) and inability to signal specific joint movement and po 
sition. It is important to note, however, that the evidence upon 
which many of these conclusions are based was collected dur 
ing passive movements. As Pedersen et al41 stated, research 
ers55 '56 have reported increases in joint receptor working rang 
es (angular range in which a receptor remains active) during 
active movements. Similar to joint afferents, cutaneous affer 
ents have been speculated to respond only at the extremes of 
motion.52 Unfortunately, this finding is not without controver 
sy, as several authors57 '58 have recently attributed cutaneous 
mechanoreceptors with a precise ability to convey joint move 
ments through skin strain patterns. In contrast to joint and 
cutaneous mechanoreceptors, muscle spindles have been al 
most universally described as able to respond unidirectionally 
across the entire physiologic range of movement. 30 '54

As mentioned previously, proprioception for conscious ap 
preciation travels via the dorsal lateral tracts, with the contri 
butions to these tracts from muscle and joint mechanoreceptors 
remaining largely unknown. Thus, demonstrating the existence 
of projections to the cortical sensory areas and conscious per 
ceptions after direct receptor stimulation is the second neces 
sity in determining the predominant source of conscious pro 
prioception (Figure 4). Unfortunately, the results of these 
studies have complicated the conclusions one would draw 
based solely on the sensitivity evidence. Cortical projections 
have been reported from joint (both capsular and ligament) 
afferents,59"64 muscle spindles,65 and GTOs. 66 - 67 With respect 
to conscious appreciation of peripheral receptor stimulation, 
electric stimulation of both joint and cutaneous (slowly adapt 
ing type II) afferent fibers were reported to elicit sensations 
related to the relevant joint and evoke perceptions of joint 
movement, respectively. 30 Edin and Johansson29 demonstrated 
that mechanical stimulation of cutaneous receptors elicited 
kinesthetic sensations. While direct stimulation of a single 
muscle spindle afferent failed to elicit movement perception,30 
stimulation of several muscle spindles through vibration50'68 
and isolated traction68 ' 69 has been reported to evoke conscious 
movement sensations. The failure of joint and cutaneous af 
ferents anesthesia to disrupt conscious kinesthesia and JPS 
provides further support for the importance of muscle recep 
tors in conscious proprioception. 70 '71
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Figure 4. The role of the articular mechanoreceptors in sensori- 
motor control over dynamic joint stability and conscious appreci 
ation of proprioception. Dotted lines represent roles that are still 
controversial.

In summary, the predominant source or sources contributing 
to the conscious proprioception remains quite open to debate. 
We theorize that part of the controversy may reside with the 
different methods used by researchers. For example, results 
attained through electric afferent stimulation may not be re 
lated to the normal physiologic processes. In addition, we sus 
pect that the underlying processes contributing to the con 
scious proprioceptive perceptions may differ across anatomical 
locations. For instance, the results demonstrating the impor 
tance of cutaneous receptors to kinesthesia in the finger joints 
may no,t be applicable to other areas of the body, especially 
those containing sparser populations of cutaneous receptors. It 
is quite probable that the relative importance of each receptor 
varies according to each unique movement or task, or both. 
Furthermore, the strong evidence suggesting that the CNS de 
termines proprioceptive input from populations of receptors 
(ensemble coding) cannot be ignored. This would indicate that 
the absence of input from joint receptors during midranges of 
motion may be as important as the active input arising from 
muscle spindles, especially when coupled with the connections 
between joint receptors and -y-MN activation. Clearly, this rep 
resents an area that requires further investigation and clarifi 
cation.

LEVELS OF MOTOR CONTROL
The motor components of the sensorimotor system contrib 

uting dynamic joint stability are synonymous with areas con 
trolling whole-body motor control. These components consist 
of a central axis and 2 associate areas. The central axis cor 
responds to the 3 levels of motor control, spinal cord, brain 
stem, and cerebral cortex,43 whereas the 2 associate areas, cer 
ebellum and basal ganglia, are responsible for modulating and 
regulating the motor commands. 5 Sensory information under 
lies the planning of all motor output and, as described in pre 
vious sections, is conveyed to all 3 levels of motor control. 
Activation of motor neurons may occur in direct response to 
peripheral sensory input (reflexes) or from descending com 
mands initiated in the brain stem or cerebral cortex, or both. 5 
Independent of the initiating source, skeletal muscle activation

occurs through signal convergence onto the motor neurons lo 
cated in the spinal ventral horns. 5 ' 36 This concept is what Sher- 
rington labeled the final common path. 13 ' 14 Both types of mo 
tor neurons, alpha motor neurons (a MNs) controlling 
extrafusal muscle fibers (skeletal) and -y MNs controlling in- 
trafusal muscle fibers (muscle spindles), exit the spinal ventral 
horns.

The central axis areas are organized in both a hierarchic and 
parallel manner. 5 - 72 The hierarchic organization allows the 
lower motor areas to automatically control the details of com 
mon motor activities, while the higher centers can devote re 
sources to controlling the more precise and dexterous motor 
activities. 73 In addition, as mentioned earlier, higher levels can 
regulate the afferent information reaching them through inhib 
itory and facilitatory control over sensory relay nuclei. 5 
Through the parallel arrangement, each motor control center 
can directly issue independent contributory descending motor 
commands directly on the motor neurons. 5 - 72

Spinal Cord Level
It should be apparent from our earlier discussion that the 

spinal cord plays an integral role in motor control, despite the 
gross anatomy suggesting it may only be a medley of con 
duction pathways. From the spinal cord arise direct motor re 
sponses to peripheral sensory information (reflexes) and ele 
mentary patterns of motor coordination (rhythmic and central 
pattern generators). As discussed earlier, very little afferent 
input and few descending commands synapse directly on mo 
tor neurons. Instead, most input terminates upon the interneu- 
rons located throughout all areas of cord gray matter. Even in 
the case of a simple monosynaptic reflex, such as the stretch 
reflex, birfurcations from the incoming afferent fiber arise. 7 
These bifurcations may convey the afferent information to a 
number of locations, including interneurons, higher motor cen 
ters, and other motor neurons (antagonistic). The bifurcations 
and interneuronal networks provide the basis for the spinal 
cord's efferent integrative functions.

Reflexes may be elicited from the stimulation of cutaneous, 
muscle, and joint mechanoreceptors and may involve excita 
tion of a MNs, 7 MNs, or both. For many clinicians, the 
stretch reflex in response to rapid muscle lengthening provides 
the most familiar example. These reflexes, as well as the other 
reflexes attributed to the spinal cord neuronal circuitry, are 
more complex than simple direct input-output connections. Su 
perimposed on even the simplest monosynaptic reflexes are 
influences from such sources as other afferent input, descend 
ing commands, or both.

Brain Stem
Despite being the most primitive part of the brain from a 

phylogenetic perspective,43 the brain stem contains major cir 
cuits that control postural equilibrium and many of the auto 
matic and stereotyped movements of the body. 5 ' 36 '43 In addi 
tion to being under direct cortical command and providing an 
indirect relay station from the cortex to the spinal cord, areas 
of the brain stem directly regulate and modulate motor activ 
ities based on the integration of sensory information from vi 
sual, vestibular, and somatosensory sources. 5

Two main descending pathways, the medial and lateral path 
ways, extend from the brain stem to the spinal cord neural 
networks. 5 '36 The medial pathways influence the motor neu-
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rons innervating the axial and proximal muscles, while the 
lateral pathway controls the distal muscles of the extremities. 
In addition to controlling postural control, some axons com 
prising the medial pathways make excitatory and inhibitory 
(including suppression of spinal reflexes) synapses with the 
interneurons and motor neurons involved with movement and 
postural control. Through influences on the y MNs, parts of 
both the medial and lateral tracts assist in maintaining and 
modulating muscle tone.

Cerebral Cortex
In general, the motor cortex is responsible for initiating and 

controlling more complex and discrete voluntary movements. 
It is divided into 3 specialized and somatotopically organized 
areas, each of which project directly and indirectly (via the 
brain stem) onto interneurons and motor neurons located in 
the spinal cord. 74 The first area, the primary motor cortex, 
receives peripheral afferent information via several pathways 
and is responsible for encoding the muscles to be activated, 
the force the recruited muscles produce, and the direction of 
the movement.43 '72 The second area, the premotor area, also 
receives considerable sensory input72 ; however, it is mainly 
involved with the organization and preparation of motor com 
mands. The supplemental motor area, the third specialized area 
of the motor cortex, also plays an important role in program 
ming complex sequences of movement that involve groups of 
muscles. 72 - 74

The major direct descending pathway from the motor cortex 
to the a MNs and y MNs is the corticospinal tract. In addition 
to influencing motor functions directly, the corticospinal tract 
also affects motor activity indirectly through the descending 
brain stem pathways.

Associate Areas
Although the 2 associate areas, the cerebellum and basal 

ganglia, cannot independently initiate motor activity, they are 
essential for the execution of coordinated motor control. The 
cerebellum, operating entirely at a subconscious level, plays a 
major role in both the planning and modification of motor 
activities though comparison of the intended movement with 
the outcome movement. 75 '76 This is accomplished through the 
continuous inflow of information from the motor control areas 
and the central and peripheral sensory areas. The cerebellum 
is divided into 3 functional divisions. The first division re 
ceives vestibular input, both directly and indirectly from the 
vestibular labyrinth (semicircular and otolith receptors) and, as 
might be surmised based on the input, is involved with pos 
tural equilibrium. The second cerebellar division is mainly re 
sponsible for the planning and initiation of movements, es 
pecially those requiring precise and rapid dexterous limb 
movements. 75 This division receives input from both the sen 
sory and motor cortices. It is the third division, the spinocer- 
ebellum, which receives the somatosensory information con 
veyed through the 4 ascending spinocerebellar tracts. In 
addition to the somatosensory input, this division of the cer 
ebellum also receives input from the vestibular labyrinth and 
visual and auditory organs. The output from the spinocere- 
bellum serves to adjust ongoing movements through influential 
connections on the medial and lateral descending tracts in the 
brain stem and cortex via projections on the vestibular nucleus, 
reticular formation, red nucleus, and motor cortex. 75 In addi

tion to controlling movements, the spinocerebellum also uses 
the somatosensory input for feedback regulation of muscle 
tone through regulation of static ^-MN drive to the muscle 
spindles. 75 Lastly, the cerebellum also receives an efferent 
copy of the motor commands arriving at the ventral roots of 
the spinal cord. 76 The cerebellum has also been implicated in 
motor learning. 7 '75

The basal ganglia consist of 5 subcortical nuclei (groups of 
nerve cells) located deep within the cerebral hemispheres. In 
contrast to the cerebellum, which has input and output con 
nections with all 3 levels of motor control, the cerebral cortex 
is the only central axis component having input and output 
connections (via the thalamus) with the basal ganglia.43 - 77 
With respect to motor control, the basal ganglia are believed 
to be involved with more higher-order, cognitive aspects of 
motor control. 77 An additional distinction from the cerebellum 
is that the basal ganglia receive input from the entire cerebral 
cortex, not just those associated with sensory and motor func 
tion. 77 The widespread input and output cortical connections 
suggest that they are involved with many functions other than 
motor control.

CONCLUSIONS

The sensorimotor system encompasses all of the sensory, 
motor, and central integration and processing components in 
volved with maintaining joint homeostasis during bodily 
movements (functional joint stability). We have attempted to 
introduce the physiology of joint stability through an in-depth 
presentation of the sensorimotor system. As evident from the 
sections concerning ascending proprioception pathways and 
levels of motor control, the sensorimotor system is much more 
complex than a simple input-output system that resides pri 
marily in the lower levels of motor control. Rather, activation 
of the dynamic restraints, and therefore, functional joint sta 
bility, arises from components synonymous with the entire 
motor control system of the body. Thus, functional joint sta 
bility is an inherently complex and complicated physiologic 
process. In the absence of mechanical stability, the fact that 
many individuals return to preinjury levels suggests that some 
degree of compensatory mechanisms can be developed to pro 
vide the supplemental stability required. These compensatory 
mechanisms most likely arise from the dynamic restraints of 
the involved joint, as well as motor adaptations at proximal 
and distal segments. This would suggest the importance of the 
supraspinal temporal and spatial organization of the dynamic 
restraint activation. In part II of this article, we will discuss 
the importance of proprioception in organizing muscle acti 
vation for both motor control and sensorimotor control of 
functional joint stability.
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Objective: To discuss the role of proprioception in motor 
control and in activation of the dynamic restraints for functional 
joint stability.

Data Sources: Information was drawn from an extensive 
MEDLINE search of the scientific literature conducted in the 
areas of proprioception, motor control, neuromuscular control, 
and mechanisms of functional joint stability for the years 1970- 
1999.

Data Synthesis: Proprioception is conveyed to all levels of 
the central nervous system. It serves fundamental roles for op 
timal motor control and sensorimotor control over the dynamic 
restraints.

Conclusions/Applications: Although controversy remains 
over the precise contributions of specific mechanoreceptors,

proprioception as a whole is an essential component to con 
trolling activation of the dynamic restraints and motor control. 
Enhanced muscle stiffness, of which muscle spindles are a cru 
cial element, is argued to be an important characteristic for dy 
namic joint stability. Articular mechanoreceptors are attributed 
instrumental influence over gamma motor neuron activation, 
and therefore, serve to indirectly influence muscle stiffness. In 
addition, articular mechanoreceptors appear to influence higher 
motor center control over the dynamic restraints. Further re 
search conducted in these areas will continue to assist in pro 
viding a scientific basis to the selection and development of 
clinical procedures. 

Key Words: neuromuscular, stability, motor control

T his is Part II of a 2-part series discussing the current 
understanding surrounding peripheral afferent infor 
mation acquisition, processing, and levels of motor con 

trol as they relate to functional joint stability. In Part I, the 
sensorimotor system and the mechanisms responsible for pro 
prioception and neuromuscular control as they relate to func 
tional joint stability were addressed. The purpose of Part II is 
to build upon and apply the concepts developed in the Part I. 
Specifically, we will address the contribution of proprioception 
in controlling the activation of the dynamic restraints and mo 
tor control.

The Role of Proprioception in Motor Control
Critical to effective motor control is accurate sensory in 

formation concerning both the external and internal environ 
mental conditions of the body. 1 "4 During goal-directed behav 
ior, such as picking up a box while walking, provisions must 
be made to adapt the motor program for walking to changes 
occurring in the external environment (uneven ground) and 
internal environment (change in center of mass because of the 
additional load). These provisions are stimulated by sensory 
triggers occurring in both feedback (mechanoreceptor detec 
tion of altered support surface) and feedforward (anticipating 
center-of-mass change from previous experience) manners. Al 
though some of the afferent information may be redundant 
across the 3 sensory sources (somatosensory, visual, vestibu-

lar), specific unique roles are associated with each source that 
may not be entirely compensated for by the other sensory 
sources. For example, proprioceptive information plays an in 
tegral role in the ability to modify internal models used with 
feedforward control5 '6 that has been demonstrated to be only 
partly compensated for by visual information. 7

The role of proprioceptive information in motor control can 
be separated into 2 categories.2 The first category involves the 
role of proprioception with respect to the external environ 
ment. Motor programs often have to be adjusted to accom 
modate unexpected perturbations or changes in the external 
environment. Although the source of this information is often 
largely associated with visual input, there are many circum 
stances in which proprioceptive input is the quickest or the 
most accurate, or both. 1 In the above example, modification 
of the motor program for walking was required in response to 
the uneven support surface. If the person's vision was fixed 
on the box to be picked up, he or she might not have visually 
noted the uneven support surface. In addition to alterations in 
the plantar cutaneous receptors, muscle and joint mechanore 
ceptors would have reported the degree of altered ankle joint 
position and stimulated the motor program modification re 
quired. The planning of movements also requires attention to 
environmental constraints. 8 This is especially true with respect 
to the selection of strategies for the maintenance of postural 
control.9" 11 For example, sensory detection of an unstable 
handrail from peripheral signals (kinesthesia, changing joint
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positions) would alter the motor program used to avoid falling 
on a slippery staircase. During the planning stages of a move 
ment, visual images are used to create a model of the envi 
ronment in which the movement will occur. Proprioception has 
been described as essential during the movement execution to 
update the feedforward commands derived from the visual im 
age. 5 '6

The second category of roles proprioceptive information 
plays in motor control is in the planning and modification of 
internally generated motor commands. 2 Before and during a 
motor command, the motor control system must consider the 
current and changing positions of the joints involved to ac 
count for the complex mechanical interactions within the com 
ponents of the musculoskeletal system. 2 Proprioception best 
provides the needed segmental movement and position infor 
mation to the motor control system. 1 '2 In the situation of a 
single joint moving through a 10° arc of motion, the precise 
muscle force required to perform the task depends upon the 
joint angle. As one can surmise, the task of determining how 
much tension in a muscle is required for a movement becomes 
extremely complex and important with movements involving 
several joints. 2 '4 ' 12 Accompanying each angular change in 
joint position are changes in the mechanical advantages as 
sociated with all the muscles that traverse the joint. Many tasks 
involve a sequence of overlapping joint movements. The mo 
tor control system must consider the multiple motions occur 
ring as both a direct function of muscle activation and indi 
rectly from intersegmental dynamics (movement of one joint 
inducing movement of another). Proprioception provides much 
of the information required to solve all these movement prob 
lems.2 '4 '7 ' 12 ' 13

Role of Proprioception in Sensorimotor Control of 
Functional Joint Stability

Motor control for even simple tasks is a plastic process3 
that undergoes constant review and modification based upon 
the integration and analysis of sensory input, efferent motor 
commands, and resultant movements. Proprioceptive infor 
mation stemming from joint and muscle receptors, as previ 
ously demonstrated, plays an integral role in this process. Un 
derlying the execution of all motor tasks are particular events, 
often very subtle, that are aimed at preparing, maintaining, and 
restoring stability of both the entire body (postural stability) 
and the segments (joint stability). With respect to joint stabil 
ity, these actions represent neuromuscular control. Propriocep 
tive information, first recognized and described by Sherring- 
ton 14 almost 100 years ago, is essential to maintaining both 
types of stability. Because articular mechanoreceptors are be 
lieved to become disrupted in conjunction with joint injury, 
this section will focus on the role articular mechanoreceptors 
serve in sensorimotor control over functional joint stability. A 
discussion of the contribution of articular receptors to postural 
control has recently been published. 15

Since the work of Palmer, 16 one of the major tenets con 
cerning the role of joint afferents in functional joint stability 
has been direct reflexive activation of alpha motor neurons (a 
MNs). 17" 19 This belief, however, is not uncontested20"22 and 
represents one of the biggest ongoing debates within the sen 
sorimotor system. Direct evidence supporting the existence of 
ligament-muscle reflexes has largely arisen though direct elec 
tric and mechanical stimulation of the knee, ankle, and shoul 
der ligaments or capsule (or both). 19 ' 23-26 Similar to the use

of electric stimulation on afferent nerve fibers to document 
cortical projections, the applicability of these findings to nor 
mal physiologic function remains speculative and uncertain.27 
Specific to the mechanical stimuli, the loading required to elic 
it a-MN responses has been criticized as exceeding normal 
physiologic loads. 22 '28 - 29 Even assuming that the ligament- 
muscle reflex exists, one must question its effectiveness in 
contributing to joint protection because of the latency 
times22'29 '30 and weak response magnitudes, 31 especially in 
comparison with reflexes stimulated from muscle spindles. 28 
Despite the controversial basic science and empirical support, 
in vivo human studies involving ankle and knee joint pertur 
bations in conjunction with electromyography have been con 
ducted and have produced varying results. '7,18,32-40 por ex_ 
ample, at the ankle, the number of investigations 
demonstrating increased latencies with mechanically or func 
tionally unstable joints (or both)32"35 is matched by just as 
many studies failing to elicit differences. 36~40 Several factors 
must be considered with respect to the conclusions that can be 
drawn from this experimental model. These are reviewed in a 
subsequent paper describing sensorimotor measurement tech 
niques.41

In contrast with the seemingly controversial activation of a 
MNs, joint afferents are more unanimously credited with elic 
iting similar effects on gamma motor neurons (7 
MNs). 21 ' 22 '29 '42 '43 Interestingly, and in opposition to what 
many have claimed, Freeman and Wyke43 attributed increases 
in muscle activity in response to joint mechanoreceptor stim 
ulation to activation of 7 MNs, not a MNs. Since their study, 
many investigations have demonstrated reflexive action of 
joint afferents on 7 MNs through electric stimulation44 and 
tissue traction using force levels below those associated with 
tissue damage and nociception. 21 '22 '42 '45 '46 Increased -y-MN ac 
tivation, which may occur from input arising from cutaneous 
or muscle sources as well as descending supraspinal com 
mands, serves to heighten muscle spindle sensitivity. What 
does increased muscle spindle sensitivity have in connection 
with sensorimotor control of functional joint stability? The an 
swer to this question will become evident in the following 
discussion of stiffness.

Muscle stiffness is defined as the ratio of change in force 
per change in length. 29 '47 -48 In contrast to muscle stiffness, 
which refers specifically to the stiffness properties exhibited 
by tenomuscular tissues, joint stiffness involves the contribu 
tions of all of the structures located within and over the joint 
(muscles, tendons, skin, subcutaneous tissue, fascia, ligaments, 
joint capsule, and cartilage).49"51 Several studies have been 
conducted in attempts to quantify the contributions of each 
structure to joint stiffness. These studies generally indicate that 
the muscle and joint ligamentous and capsular structures tra 
versing the joint contribute equally in passive modes. 50 ' 51

The constituents of muscle stiffness can be categorized into 
intrinsic and extrinsic (reflex) components. 52 Many of the el 
ements comprising muscle tissue and connecting noncontrac- 
tile tissues (tendon, fascia) contain high amounts of collagen 
and, therefore, exhibit the properties of elasticity and viscosity 
when stretched. In addition, the intrinsic component encom 
passes the number of actin-myosin cross-bridges (level of 
muscle activation) existing at an instant,29 '53 as well as the 
factors of both single muscle fibers (ie, sarcomere length-ten 
sion and force-velocity relationships) and whole muscles (ie, 
arrangement of muscle fibers within a muscle). 54 The levels 
of activation existing within a muscle at a given instant are a
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function of both preceding reflexes and descending influences 
on the a-MN pool. 29

The extrinsic contribution of muscle stiffness arises from 
the increased reflexive neural activation of the muscle. This is 
largely determined by the excitability of the motorneuron 
pool, 29 which in itself is largely dependent upon the sensitivity 
of primary muscle spindle afferents eliciting autogenetic and 
heterogenetic reflexes, as well as descending neural com 
mands. Superimposed on these constituents are a number of 
interacting factors involving the whole muscle-joint complex, 
such as joint kinematics (ie, angle, velocity), attachment sites 
(ie, exact location of muscle insertions), and tissue transitions 
(ie, muscle, tendon, bone). 54

From a theoretic perspective, increased muscle stiffness and, 
therefore, enhanced joint stiffness, appears to be a beneficial 
characteristic for augmented functional joint stability. First, 
stiffer muscles should potentially resist sudden joint displace 
ments more effectively. 29 - 47 - 55 '56 Although not all destabilizing 
forces may be entirely countered, many could potentially be 
lessened in magnitude, thereby reducing the incidence of joint 
subluxation and injury. This may be essential in maintaining 
functional stability when mechanical stability is deficient and 
may assist in explaining the moderate correlation between 
hamstring muscle stiffness and functional ability in anterior 
cruciate ligament (ACL)-deficient individuals found by 
McNair et al.47 Directly, voluntary muscle contraction of a 
muscle group has been demonstrated to increase joint stiff 
ness. 56 - 57 Cocontraction of antagonistic muscles is believed to 
further enhance joint stiffness by increasing the compression 
between the articular surfaces. 29 - 56- 57

Second, intrinsically stiffer muscles enhance the potential 
capacities of the extrinsic component. Stiffer muscles as a re 
sult of increased activation are also believed to transmit loads 
to muscle spindles more readily, thereby reducing some of the 
lag time associated with initiation of reflexive activity. 58 -59 
Some of the physical events contributing to electromechanical 
delay, such as the time interval between muscle activation and 
onset of segmental acceleration,60 are reduced in muscles with 
higher activation levels. Thus, not only is the initial resistance 
to joint displacement superior through heightened intrinsic 
stiffness, but the ability to recruit an improved reflexive re 
sponse is also enhanced.

Higher motor control centers have been credited with com 
pensating for static stabilizer deficiency losses through altered 
movement and muscle activation patterns. 61 "63 Similar to the 
spinal reflexes discussed, both direct and indirect evidence 
suggests that joint and ligmentous mechanoreceptors are im 
portant for supraspinal sensorimotor control over dynamic 
joint stability. In humans, the difficulty surrounding this aspect 
of the sensorimotor system arises from the inability to easily 
induce isolated experimental manipulations to one or more tar 
get structures without eliciting numerous confounding factors. 
Thus, researchers most often attempt to retrospectively mea 
sure patients with different conditions and speculate concern 
ing whether elicited changes or adaptations result from damage 
to static stabilizers, neural elements, or both. Direct evidence 
supporting the role of articular receptors in sensorimotor con 
trol of dynamic joint stability can only be obtained from ani 
mal studies after experimentally induced deafferentation. An 
exorbitant amount of retrospective human research has docu 
mented alterations in movement and muscle activation patterns 
in mechanically and functionally unstable joints, so we will

only review several of the common themes supporting the role 
of articular receptors to higher motor control centers.

With knee injuries, for example, persons sustaining an ACL 
rupture develop an adaptive motor pattern that involves in 
creased hamstrings activation before joint loading64"67 and 
maintaining the knee in a more flexed position during the ac 
ceptance of the load. 61 '68 '69 Both of these alterations are be 
lieved to prevent anterior tibial translation in the absence of 
the ACL. The increase in hamstrings activity occurs before 
joint loading in a feedforward control manner. This suggests 
that the motor program for the activity was changed and in 
directly supports the idea of motor control change above a 
reflexive level.

The alterations in muscle activation sequences appear to oc 
cur not only at the involved joint but also at distal and prox 
imal joints, further supporting the idea of higher motor chang 
es. With respect to alterations in proximal joint positioning and 
activation, evidence has been found in subjects sustaining 
ACL rupture61 and ankle injury. 38 '70 Increased activation of 
musculature acting on the ankle and lower leg (anterior tibialis 
and soleus) has been demonstrated in ACL-deficient sub 
jects. 65 After ankle injury, several investigators71 "73 have re 
ported use of postural control strategies that rely more heavily 
on proximal joint (hip) muscle activation. Collectively, all of 
these investigations support the premise of higher center motor 
control changes after orthopaedic injury. Again, the stimulus 
for these changes remains debatable: afferent changes from the 
articular receptors, loss of mechanical stability, or both.

Freeman and Wyke74 pioneered direct evidence supporting 
the importance of articular receptors in sensorimotor control 
over joint stability by surgically resecting the posterior or me 
dial articular nerves of cats. Since both of these nerves convey 
afferent information predominantly from the knee joint, the 
surgical procedure caused the deafferentation of the joint with 
out disrupting mechanical stability. After the surgery, in ad 
dition to spinal-level motor alterations, the animals displayed 
changes in supraspinal motor programs controlling voluntary 
movements. Further, postural control adjustments that were 
initiated from visual and vestibular sources were also altered. 
The authors hypothesized that the alterations developed sec 
ondary to the loss of local input concerning stresses on the 
knee joint capsule. When accompanied by mechanical stability 
disruptions, the adaptations in movement programs developed 
after injury may help prevent damage to secondary restraints 
and arthropathy.28 O'Connor et al,75 using dogs, reported that 
although joint deafferentation alone was not enough to induce 
joint degeneration, when combined with ACL transection, se 
vere degenerative changes became more quickly evident than 
after ligament transection alone.

Thus, it appears that proprioception is fundamental for sen 
sorimotor control over joint stability, with articular receptors 
providing unique, subtle roles. With respect to stiffness, mus 
cle spindles with higher "y-MN drive enhance both the feed 
forward and feedback controls of the dynamic restraint mech 
anism through direct regulation of muscle activation levels. 
Since -y-MN activation is largely influenced by peripheral af 
ferent input, the adequacy and accuracy of the input become 
important considerations. Given the sensitivity of joint and lig 
ament receptors through ranges of joint motion and their po 
tent influences on 7-MN activity, it becomes quite likely that 
this indirect mechanism may outweigh the importance of the 
controversial direct a-MN reflexes. At higher motor levels, 
joint receptors may play essential roles in the development of
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motor program adaptations to compensate for losses in me 
chanical stability. Figure 4 in Part I summarizes the role of 
articular receptors in sensorimotor control of functional sta 
bility. Further research is needed in all of these areas to fully 
elucidate the precise mechanisms by which joint receptors con 
tribute.

CONCLUSIONS
Proprioception is conveyed to all levels of the central ner 

vous system, where it provides a unique sensory component 
to optimize motor control. Additionally, proprioceptive infor 
mation is necessary for neuromuscular control of the dynamic 
restraints. Joint receptors, which are often damaged to some 
degree during articular injury, appear to be an important com 
ponent to proprioception. While their role in eliciting direct 
muscular reflexes remains controversial, their role in influenc 
ing the 7 MNs and supraspinal motor programs appears to be 
more substantial. Further research concerning the role of ar 
ticular mechanoreceptors in promoting -y-MN activation and 
supraspinal motor control is needed. Supraspinal control over 
the dynamic restaints may be the area that has the most rele 
vance to the development of preventive and rehabilitative 
strategies. Intervening at supraspinal levels may provide the 
key to promoting increased dynamic stability from a prepa 
ratory perspective, rather than the debatable reactive perspec 
tive.
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Objective: To provide an overview of currently available sen- 
sorimotor assessment techniques.

Data Sources: We drew information from an extensive re 
view of the scientific literature conducted in the areas of pro- 
prioception, neuromuscular control, and motor control measure 
ment. Literature searches were conducted using MEDLINE for 
the years 1965 to 1999 with the key words proprioception, so- 
matosensory evoked potentials, nerve conduction testing, elec- 
tromyography, muscle dynamometry, isometric, isokinetic, ki 
netic, kinematic, posture, equilibrium, balance, stiffness, 
neuromuscular, sensorimotor, and measurement. Additional 
sources were collected using the reference lists of identified 
articles.

Data Synthesis: Sensorimotor measurement techniques are 
discussed with reference to the underlying physiologic mecha

nisms, influential factors and locations of the variable within the 
system, clinical research questions, limitations of the measure 
ment technique, and directions for future research.

Conclusions/Recommendations: The complex interactions 
and relationships among the individual components of the sen 
sorimotor system make measuring and analyzing specific char 
acteristics and functions difficult. Additionally, the specific as 
sessment techniques used to measure a variable can influence 
attained results. Optimizing the application of sensorimotor re 
search to clinical settings can, therefore, be best accomplished 
through the use of common nomenclature to describe under 
lying physiologic mechanisms and specific measurement tech 
niques.

Key Words: proprioception, neuromuscular, assessment

T he rapid growth of the athletic training profession has 
been accompanied by an equally rapid increase in focus 
on basic and clinical research. Many elements of the 

profession, such as the boost in research submissions to the 
Journal of Athletic Training and increase in the size of the 
Free Communications Program of our National Athletic Train 
ers' Association Annual Meeting and Clinical Symposia, pro 
vide the supporting evidence for this statement. It is essential, 
however, that as more research is conducted within the pro 
fession, such research be completed in a manner that allows 
for common understanding between researchers and clinicians. 
Therefore, the purpose of our article is to provide an overview 
of the currently available sensorimotor measurement tech 
niques in an attempt to initiate a basis for the needed under 
standing. For each measurement technique discussed, the ma 
jor underlying physiologic mechanisms, influential factors, and 
location of the variable within the sensorimotor system will be 
identified. Additionally, in the context of the current article, 
we will give a few representative examples of investigations 
using each technique that have led to advancements in our 
understanding of the system in either normal or pathologic 
states.

Maintaining functional joint stability through complemen 
tary relationships between static and dynamic restraints is the 
role of the sensorimotor system. 1 "3 The sensorimotor system

encompasses all of the sensory, motor, and central integration 
and processing components involved in maintaining functional 
joint stability. 1 In our previous articles,2 ' 3 we reviewed the 
anatomy and physiology of the entire sensorimotor system. As 
can be surmised through those reviews, the complex interac 
tions and relationships among the individual components of 
the sensorimotor system make measuring and analyzing spe 
cific characteristics and functions extremely difficult. Adding 
further complexity are the numerous compensatory mecha 
nisms interspersed throughout the system. For example, the 
normal ability to close one's eyes during stance without loss 
of postural equilibrium resides with the ability of the somato- 
sensory and vestibular senses to provide sufficient afferent in 
formation despite the absence of visual input. Similarly, ves 
tibular sense-deficient persons are able to maintain 
equilibrium as long as visual or somatosensory (or both) inputs 
are available.4 If we were to assess postural stability in these 
patients, we might not detect a vestibular sense deficiency un 
less visual or somatosensory (or both) contributions were elim 
inated or reduced. Many similar compensatory mechanisms 
exist throughout the various areas of the sensorimotor system. 
In research involving surgical manipulation of animal models 
(eg, decerebrate animals), isolation of specific sensorimotor 
components and mechanisms can be performed. In contrast, 
investigations involving human subjects usually require the
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use of groups with known or specific deficiencies or the in 
duction of temporary alterations (eg, nerve blocks), or both. 
Although many different measurement techniques and instru 
ments are currently available for in vivo human research, only 
a few can purely evaluate the target variable of interest in 
isolation.

Most assessment techniques currently available evaluate the 
integrity and function of sensorimotor components by mea 
suring variables along the afferent or efferent pathways or the 
final outcome of skeletal muscle activation or a combination 
of these. Currently, no direct assessment methods are available 
to isolate the higher central integrating and processing centers. 
From a physiologic perspective, we stress the importance of 
being as specific as possible in referring to both the variable 
and suspected mechanisms. It is essential that both factors be 
considered during any interpretation of results. We use assess 
ment of reflex latency in response to an imposed joint pertur 
bation with electromyography (EMG) as an example. The var 
iable being measured is onset of muscle activity, a variable 
located on the efferent pathway. In this example, it is neces 
sary to recognize the presence of both the underlying mech 
anism and influencing factors. The major underlying mecha 
nism leading to elicitation of the variable involves the afferent 
acquisition and transmission to central integration or process 
ing centers (or both), where the propagation of an efferent 
neural signal to the muscle can be initiated. The pathway 
through the central nervous system can range from a simple 
monosynaptic relay to the efferent neurons' more complex 
polysynaptic reflex pathways that include transmission through 
the brain stem to voluntary activation initiated by the motor 
cortex. Many factors influence this mechanism, such as the 
integrity of the mechanoreceptors and the level and type (fa- 
cilitatory or inhibitory) of descending supraspinal control over 
the neural pathways. All of these factors must be considered 
in the final interpretation of the variable.

Additional factors that confound valid and reliable variable 
measurement are the specific techniques used in data collec 
tion, processing, and analysis. Each of these can have pro 
found effects on the final outcome of a measurement and 
thereby influence the reported results. Reverting back to our 
joint perturbation example, such factors include details of sub 
ject instruction, anticipation and expectations, number of trials, 
data sampling frequencies, and filtering and smoothing tech 
niques. Although controversy will always surround many of 
the measurement techniques, there is no substitute for clearly 
describing the exact procedures used. Attention to each of 
these will facilitate the common understanding of both clini 
cians and researchers.

PERIPHERAL AFFERENT ACQUISITION AND 
TRANSMISSION MEASUREMENTS

Proprioception
Several different testing techniques have been developed to 

measure the conscious submodalities of proprioception. Be 
cause there are 3 submodalities (joint position sense [JPS], 
kinesthesia, and sense of tension), clarification is required to 
distinguish the target variable of the assessment. The JPS test 
measures the accuracy of position replication and can be con 
ducted actively or passively in both open and closed kinetic 
chain positions. Both direct measurements of replicated joint 
angles5"8 (goniometers, potentiometers, video) and indirect

measures9 (visual analog scales) have been used. Kinesthesia 
testing is conducted by measuring the threshold to detection 
of passive motion (TTDPM), or more specific testing can be 
conducted by using the criterion of threshold to detection of 
passive motion direction (TTDMD). 10- 12 The TTDMD as 
sesses one's ability to not only detect motion but also detect 
in which direction the motion is occurring. Slow speeds, rang 
ing from 0.5 to 27s, are used to target the slow-adapting mech 
anoreceptors, such as Ruffini endings or Golgi-type organs. 13 
The sense of tension is measured by comparing the ability of 
subjects to replicate torque magnitudes produced by a group 
of muscles under varying conditions.

Common to all currently available proprioception testing 
methods are dependencies on conscious appreciation (percep 
tion) of mechanoreceptor signals. As detailed in our previous 
article,3 proprioceptive information travels to the higher brain 
centers through the dorsal lateral tracts (conscious apprecia 
tion) and the spinocerebellar pathways (stimulation and regu 
lation of motor activities). The precise quantities being con 
veyed to both ascending tracts from each type of 
mechanoreceptor, as well as the temporal relationship between 
arrival at the cerebellum and the somatosensory cortex, remain 
unknown. Additionally, whether the quantity necessary for 
conscious perception is identical to the requirements for motor 
control is unknown.

The sources of conscious proprioceptive information poten 
tially include joint, muscle, and cutaneous mechanorecep 
tors. 14"23 Existing evidence supports the receptors in each tis 
sue as the primary source, so this topic remains very 
controversial. 3 In addition, visual and auditory signals can pro 
vide additional cues to JPS, TTDPM, and TTDMD. For ex 
ample, seeing the position or movement of the limb (vision) 
or hearing the instrumentation begin to move the joint (audi 
tory) prevents conclusions from being accurately drawn re 
garding conscious proprioceptive acuity. In addition, if an as 
sessment is attempting to focus on the integrity of capsular 
mechanoreceptors, appropriate precautions are needed to re 
duce supplemental proprioceptive information arising from cu 
taneous mechanoreceptors. In other words, the effects of a 
deafferentated joint on proprioceptive acuity might go unde 
tected without specific attention to reducing or eliminating 
supplemental sources of information. A good example would 
be stimulation of cutaneous mechanoreceptors caused by sta 
bilization straps.

Unfortunately, discrimination between muscle and joint af- 
ferents cannot be accomplished without more sophisticated ex 
perimental manipulation. Methods used to reduce inputs from 
cutaneous, muscle, and joint mechanoreceptors include anes 
thesia and ischemia. 24 '25 Vibration is a technique that has been 
specifically used to induce stimulation of the muscle spindle 
afferents, thereby changing muscle tone and, ultimately, the 
information provided by the muscle spindles. 26'27 With respect 
to conscious proprioception perception, vibration could be in 
corporated into assessments to potentially determine muscle 
spindle contributions.

A wide variety of equipment and instrumentation, including 
commercial isokinetic dynamometers, electromagnetic track 
ing devices, and custom-made jigs, has been developed to 
measure conscious appreciation of proprioception. In our lab 
oratory, we use a motor-driven proprioception testing device 
that can passively move the limb for both kinesthetic and pas 
sive JPS assessment (Figure 1). Subjects are fitted with a 
blindfold, headphones, and pneumatic cuff to eliminate con-
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Figure 1. The proprioception testing device is a motor-driven jig 
used to test both position sense and kinesthesia. Subjects are fit 
ted with a blindfold, headset containing white noise, and pneu 
matic sleeve to negate visual, audio, and tactile cues.

L
Figure 2. The electromagnetic motion tracking device is used to 
assess position sense and replicate movement patterns and for 3- 
dimensional kinematic analysis of movement.

founding cues to motion detection and JPS, including vision, 
audible sensing of the motor-driven apparatus, and vibration 
induced by motor on the limb. A unique feature of the device 
is its ability to conduct assessments at very slow speeds 
(<0.57s), unlike most isokinetic devices with minimum 
speeds of 27s.

In addition to the proprioception testing device, we have 
also used an electromagnetic tracking system to measure the 
ability to actively reproduce given joint positions or paths of 
motion (Figure 2). The big advantage of such a device is that 
subjects have free, unrestricted movement, unlike in the pro 
prioception testing device, where they are limited to 1 degree 
of freedom (eg, knee flexion-extension or humeral rotation). 
This is especially important at the shoulder joint, where natural 
movement patterns involve multiplanar movements.

Numerous studies using the previously mentioned approach 
es have been conducted to compare conscious proprioceptive 
acuity (JPS and kinesthesia) between normal and pathologic

groups at the ankle,28"32 knee,7 - 9 - 10- 12 - 33-36 and shoulder8 - 37 
joints. Although some of these investigators have found defi- 
c itSj 8,io,i2,28,3i,32,34-37 omers have not. 7 - 30 - 33 Possible expla 
nations for the different results include the failure to control 
any of the previously mentioned confounding factors, inherent 
instrumentation differences (eg, position of the patient with 
respect to gravity), varying methodologic approaches (eg, an 
gular positions, speed of passive movements), and different 
subject characteristics (eg, pathologic group compared with 
control group versus bilateral comparison).

In addition to comparisons between pathologic and healthy 
joints, research considering conscious appreciation of propri 
oception has been conducted in several related areas. The abil 
ity of surgical intervention to restore conscious proprioceptive 
acuity along with mechanical stability has been examined. 7 ' 8 '38 
Additionally, the suggestion that a decrease in proprioception 
may predispose one to joint injury prompted investigators to 
prospectively consider proprioceptive acuity before an athletic 
season39 and after varying intensities and modes of exer 
cise.6 '40 '41 Lastly, investigators have examined the relation 
ships between conscious proprioceptive acuity and functional 
activity tests,34 '36 functional rating scores,9 '42 and hamstrings: 
quadriceps peak torque ratios43 to determine the degree to 
which conscious proprioceptive acuity relates to more func 
tional measures. Future research directions include validating 
conscious proprioceptive acuity through simultaneous mea 
surement of afferent pathway action potentials (ie, microneu- 
rography) and correlating decreases in conscious propriocep 
tion with deficits in sensorimotor control over dynamic joint 
stability.

Somatosensory Evoked Potentials
Evoked potentials are methods of testing the integrity of 

afferent pathways to the cerebral cortex. These techniques, 
which are traditionally and predominantly used in neurology 
to confirm and localize sensory abnormalities, involve mea 
suring neurophysiologic and electroencephalographic respons 
es to stimulation of sensory sources (somatosensory, visual, 
and vestibular).44 The cortical evoked responses are complex 
waveforms that represent the sensory impulse traveling to the 
sensory cortex.45 Specific to the somatosensory afferent path 
ways, the technique is referred to as somatosensory evoked 
potentials (SEPs). The SEPs can be elicited either through 
transcutaneous electrical stimulation of peripheral nerves and 
sensory organs or more physiologic stimuli such as joint 
movement.46 Once a stimulus is given peripherally, measure 
ments can be made along the afferent pathways. For example, 
after an electric stimulus is delivered to the wrist (median 
nerve), the nerve action potentials can be detected as they 
propagate centrally at the level of the brachial plexus (Erb 
point), midcervical spinal cord (fifth cervical vertebrae), upper 
midbrain-thalamus, and somatosensory cortex.44

The techniques are performed by introducing an electric po 
tential with known characteristics (eg, peak characteristics, 
amplitude, and wavelength) to the afferent pathway. How 
these characteristics change along the pathway is then as 
sessed. Common variables assessed include the amplitude 
changes, wavelength changes, and latencies between introduc 
tion of the potential and measurement of the potential along 
the pathway. The luxury of this technique is that it allows for 
the establishment of objective evidence of abnormality or de 
ficiency by identifying if and where lesions occur along the
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afferent pathway.46 Unfortunately, neurophysiologists have a 
difficult time correlating sensory deficits with results from SEP 
testing because it is difficult to evaluate the submodality of 
the sensory system by simple stimulation of peripheral afferent 
nerves.46

Several recent investigations using SEPs have made some 
important contributions to our understanding of the sensori- 
motor system. By selectively inducing ischemia at the base of 
the finger and shoulder, Mima et al46 confirmed the importance 
of muscle afferents for the dynamic aspect of proprioception. 
Pitman et al45 demonstrated a direct link between the anterior 
cruciate ligament (ACL) and the sensory cortex, with the 
greatest potentials being recorded on stimulation of the liga 
ment's midsubstance. Additionally, significant correlations be 
tween kinesthetic deficits (ie, deficits in detecting joint motion) 
and SEP abnormalities from the afferent pathways from the 
ACL have been demonstrated in ACL-deficient individuals.47 
The patterns of alterations in SEPs led the authors to speculate 
that the central nervous system had undergone modification 
and reorganization processes after the peripheral inputs were 
lost. Lastly, Barrack et al48 recently used SEPs to suggest the 
occurrence of reinnervation in central-third patellar tendon 
grafts. At the shoulder, Tibone et al49 demonstrated that no 
differences exist in evoked potentials between people who are 
unstable at the shoulder and a healthy population. As such, 
the decreased proprioception that was demonstrated at the 
shoulder probably results from the increased tissue laxity de 
creasing mechanoreceptor stimulation rather than tissue deaf- 
ferentation. Further research is needed using SEPs to advance 
our understanding of peripheral afferent receptors projecting 
on the cortex and the alterations and modifications demonstrat 
ed by higher central nervous system areas in their absence.

EFFERENT TRANSMISSION MEASUREMENTS

Nerve Conduction Testing
Nerve conduction testing (NCT) is an objective method of 

assessing the functional status of the peripheral alpha motor 
neuron system. 50 The basis for NCT resides with the proximal 
and distal reaction propagation that occurs along an entire 
nerve after electric stimulation. Motor neurons that are readily 
measured include the median, ulnar, common peroneal, and 
posterior tibial. 51

In addition, NCT is performed using both an electric current 
generator and EMG recording. An electric current with known 
characteristics (eg, amplitude and wavelength) is applied to the 
efferent, the neural pathway, usually on the innervating nerve. 
Then EMG recordings are taken distal to the applied current, 
usually on the desired muscle. For example, ulnar nerve motor 
nerve conduction testing is performed by stimulating the ulnar 
nerve at the wrist while recording changes in the induced cur 
rent at the fifth finger and hypothenar eminence. 52 Two limi 
tations exist with NCT. First, the technique is often performed 
with needle-type electrodes. This can be very uncomfortable 
for the patient. Second, the timing of the test is critical.53 It 
may take as long as 3 weeks after injury for deficits to man 
ifest in an NCT, even in the presence of positive clinical find 
ings. 53 This can be extremely problematic in the sports med 
icine setting, where there is often pressure for quick 
return-to-play decisions. As with many conditions, a lack of 
objective signs and subjective symptoms does not always 
mean the patient is injury free.

Also, NCT can assess several variables. Commonly, nerve 
conduction velocity is the assessment that is erroneously men 
tioned by physicians when, in fact, they are assessing other 
variables. 52 The change in amplitude is far more important for 
diagnosis of neuronal lesions than are the velocity changes. 52 
Conduction velocity is measured by calculating the velocity 
between the stimulation of one point and the recording of the 
introduced current.53 The limitation of conduction velocity as 
sessment is that alterations in velocity may only manifest in 
lesions that cause focal slowing.52 Unlike conduction velocity, 
amplitude changes indicate not only myelination changes but 
also loss of intact axons, no matter what type of lesion exists.52 
Amplitude assessment indicates the number of intact axons 
that exist along the nerve innervating a muscle (ie, a decrease 
in intact axons results in a decrease in amplitude between the 
introduced and recorded current characteristics). Often, these 
results are compared with the uninvolved, contralateral limb 
for a measure of control.

With respect to an orthopaedic application, numerous re 
ports have been published demonstrating impaired motor 
nerve conduction velocity after injury. 54"57 Kleinrensink et 
al57 reported alterations in the superficial and deep peroneal 
nerves after inversion ankle injury, suggesting a possible con 
tributing factor to functional ankle instability. Di Benedetto 
and Markey58 used nerve conduction velocity testing to assess 
motor deficits in football players with diagnosed brachial plex- 
opathies. Nerve conduction was determined for the muscles 
supplied by the long thoracic, suprascapular, musculocutane- 
ous, axillary, lateral pectoral, and thoracodorsal nerves. Con 
duction slowing was present in 16 of the 18 injured football 
players tested. With NCT, the authors were able to conclude 
that the abnormalities most likely resulted from compression 
of the most superficially located fibers of the brachial plexus 
at the Erb point. The results suggested that the most significant 
causative factor was ill-fitting shoulder pads against the neck 
during tackling. 58 Further researchers should consider alter 
ations in NCT as an objective assessment tool and possible 
factor in functional joint instability.

Muscle Activation Patterns
Electromyography is a tool that provides for the detection 

of electric activity accompanying skeletal muscle activa 
tion.59"61 The information gathered through EMG can be used 
to determine the initiation, cessation, and magnitude of muscle 
activity. Generally, 3 fundamental types of variables arise from 
EMG: onset, amplitude, and frequency. Although initially 
EMG may appear to be a straightforward process, closer in 
spection quickly reveals a complicated and tedious assessment 
technique. Confounding factors that arise from physiologic, 
anatomical, and technical elements surround both signal ac 
quisition and processing. These elements can directly influence 
the apparent results attained. Effective EMG use and interpre 
tation requires one to understand as much as possible the 
sources of each of these elements and their influences on EMG 
signals. 60 Several comprehensive discussions and monographs 
detailing the current understandings and developments have 
been written. 59"61 Further, because the acquisition and pro 
cessing methods used will influence EMG signals, clinicians 
and researchers should make extensive efforts to meet the rec 
ommended publication standards advocated by the Journal of 
Electromyography and Kinesiology.

Electromyography measures the myoelectric event associated
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with muscle contraction.61 '62 On receiving an action potential 
from the motor neuron, a muscle action potential propagates 
bidirectionally along the muscle fibers.61 '62 Electromyography 
uses electrodes to detect and record the depolarization wave 
front and subsequent repolarization that occurs as part of the 
muscle action potential.61

The 2 electrode types commonly used in neuromuscular and 
biomechanical research are surface and fine wire. Generally, 
surface electrodes are used for superficial muscles and tend to 
record a greater muscle area than fine-wire electrodes63 ; how 
ever, because of their large collection area, the risk of col 
lecting muscle activity from unwanted muscles (eg, cross-talk) 
is high. To decrease this risk, standardized electrode positions 
are helpful in isolating the desired muscles. Unfortunately, 
only one relatively recent article has addressed electrode place 
ment.64 However, Basmajian and Blumenstein65 provided a 
general description of surface-electrode placement for clinical 
biofeedback assessment. Generally, a site halfway between the 
innervation zone and the distal myotendinous junction is rec 
ommended.60 In conjunction with a bipolar configuration, 
electrodes should be placed parallel to the direction of the 
muscle fibers, with a 1-cm interelectrode distance. 60 The par 
allel orientation is critical to ensuring phasic delays between 
the 2 electrodes.67 Silver-silver chloride electrodes are consid 
ered the optimal materials for surface electrode construction 
because of their electrochemical stability. 60 An additional con 
sideration associated with surface EMG is adequate skin prep 
aration. Komi and Buskirk63 established the reliability of sur 
face-electrode EMG as an intraclass correlation coefficient of 
0.88 to 0.91 within sessions and 0.64 to 0.73 between testing 
sessions for amplitude characteristics of the signal.

To assess muscles that cannot be recorded with surface elec 
trodes because of their location, fine-wire electrodes are ad 
vocated. 63 Fine-wire electrodes consist of some type of con 
ducting wire that is inserted intramuscularly through a cannula 
(Figure 3A). For example, because of the deep anatomical ori 
entation of the rotator cuff muscles, fine-wire EMG is neces 
sary to measure their muscle firing characteristics (Figure 3B). 
The fine-wire electrodes can be constructed with either a sin 
gle-wire or dual-wire design. 62 - 68 The dual fine-wire configu 
ration described by Basmajian et al62 '69 is currently the gold 
standard in biomechanical-neuromuscular research. The reli 
ability of fine-wire electrode use is somewhat less than that 
for surface-electrode EMG. Komi and Buskirk63 reported that 
reliability coefficients for amplitude characteristics of the sig 
nal within sessions were approximately 0.62, whereas the be 
tween-day coefficients were approximately 0.55. Compro 
mised reliability may result from fine-wire electrode 
movement or fracture within the muscle. Jonsson and Bagge70 
reported that fine-wire electrodes may migrate as much as 14.6 
mm and fracture with movement. Both Basmajian and De- 
Luca62 and Jonsson and Bagge70 recommended performing 
several contractions of the desired muscle before data collec 
tion to fix the electrode within the muscle tissue. In terms of 
fracture prevention, Jonsson and Bagge70 suggested that 0.05- 
mm fine wire is less likely to fracture than 0.025-mm wire. 
Fortunately, the risk of pain and infection associated with wire 
fractures is minimal, and they can often be left untreated.70 
Like surface EMG, fine-wire EMG requires correct placement 
to avoid cross-talk. Fortunately, a plethora of literature de 
scribes fine-wire electrode placement. 71 "75 Giroux and Laman- 
tagne76 reported that EMG data collected with both fine-wire 
and surface electrodes were statistically similar.

Figure 3. A, Dual fine-wire electrode used for electromyographic 
assessment of muscle activity. B, Electrode insertion for assess 
ment of deep muscles; the supraspinatus muscle is shown.

Other important EMG hardware considerations include the 
use of on-site preamplifiers (active electrodes) to reduce arti 
fact and noise,77 high-quality differential amplifiers with high 
common-mode rejection ratios,61 appropriate antialiasing fil 
ters, and adequate sampling frequency during analog-to-digital 
conversion. Based on the frequency spectrum of EMG pre 
sented by Winter,61 surface EMG data need to be sampled at 
1000 Hz, whereas fine-wire data should be sampled at higher 
rates (>2000 Hz).

In addition to varied hardware components and character 
istics, a wide variety of data processing approaches have been 
used in the literature, each aimed at extracting pertinent in 
formation. Because the resulting muscle forces and joint 
torques are of much lower frequencies than raw EMG signals, 
the most common processing approach involves amplitude de 
modulation (linear envelope detection).67 In this process, the 
raw biphasic EMG signal is first full-wave rectified and then 
subsequently undergoes some form of smoothing function 
(Figure 4). Frequently used to smooth the signal are low-pass 
filters such as Butterworth, Chebycheev, or Paytner. The lower 
the cutoff frequency of the filter, the smoother the signal. The 
tradeoff to smoother signals is increased phase distortions. 
Thus, many researchers use zero-phase lag filters during the 
creation of the linear envelope. Once the linear envelope is
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A

Figure 4. Raw electromyographic signal (A) that has been full-wave 
rectified (B), smoothed using a 10-Hz low-pass filter (C), and am 
plitude normalized to a maximum voluntary contraction (D).

created, the signals can be time and amplitude normalized 
(Figure 4) and variables of interest can be calculated.

Because EMG is specific to the sensorimotor system, it pro 
vides a means to examine several aspects of the dynamic re 
straint mechanism. First, EMG has been used to measure the 
reflexive responses to ankle (Figure 5A) and knee joint pertur 
bations. 78"80 Three characteristics of reflexive responses are 
often considered: onset latency, sequence of activation, and 
peak activation (Figure 5B). Onset latency refers to the time 
between stimulus and the initiation of muscle electrical activity 
as detected through EMG. Sequence of activation refers to the 
order in which each muscle is activated. Peak activation refers 
to the maximum amplitude the EMG signal reaches during the 
reflexive response. For example, in Figure 5, the sequence of 
activation is peroneus brevis, peroneus longus, and anterior 
tibialis. Although reflexes in response to joint perturbation 
have been traditionally considered to arise from direct con 
nections between ligamentous and capsular mechanoreceptors 
and alpha motor neurons,78 ' 80 - 81 more recent research supports 
the premise of muscle spindles as the initiating sensory or 
gans. 82 As our previous articles2 - 3 detailed, ligamentous and 
capsular mechanoreceptors are essential for modulating mus 
cle-spindle sensitivity via the gamma efferent system. In other 
words, stimulation of gamma motor neurons heightens muscle- 
spindle sensitivity, which in turn increases the level of muscle 
activation existing in the muscle at a given instant. Whether 
surface EMG is sensitive enough to detect differences in levels 
of muscle activation both before and after a perturbation stim 
ulus as a result of gamma-system modulation over muscle- 
spindle response sensitivity remains unknown. An additional

B

Figure 5. A, Ankle perturbation device used to assess muscle re 
flex characteristics of the ankle joint. B, Typical muscle reflex char 
acteristics during an inversion perturbation trial.

influential consideration in reflex testing that is not under ex 
perimental control in vivo is the descending brain stem and 
cortical commands modulating alpha and gamma motor neu 
ron pool excitability. For example, anticipation and expecta 
tions based on prior experience, both of which arise at the 
cortical level, have been demonstrated to alter postural reflex 
latencies and sequences of activation. 83

During more functional tasks involving both the lower and 
upper extremities, such as walking (Figure 6A), landing, and 
throwing, EMG enables quantification of muscle activation se 
quences, amplitude, and duration. 84"87 Often a task is subdi 
vided into phases according to joint loading to determine pre 
paratory and reactive muscle activity (Figure 6B). Preparatory
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Swing
Phase Preparatory——> Reactive

Figure 6. A, Electromyographic analysis of the lower leg muscles 
during a gait activity on a treadmill. B, Phase delineation of typical 
muscle activity during gait.

activity is often operationally defined as the activity occurring 
before foot contact, whereas reactive activity encompasses the 
area of muscle activity occurring after foot contact. Several 
investigators have considered differences in muscle activation 
sequences and amplitudes84 - 85 ' 88"90 and sex differences91 "93 
between normal subjects and groups with various conditions. 
In addition to comparing normal and pathologic groups, sev 
eral investigators have considered the effects of braces and 
orthoses on EMG activity during functional tasks.94

Muscle activation patterns have also been examined during 
voluntary commands of specific motor patterns. With respect

to rehabilitation exercise, identifying the specific muscle ac 
tivation patterns characteristic of a particular exercise helps to 
provide a scientific rationale for its use. 95"98 For example, 
most recently, Henry98 qualified the degrees of coactivation 
accompanying 6 selected shoulder rehabilitation exercises. 
Similarly, by combining EMG with isokinetic assessments, in 
formation can be attained about coactivation patterns accom 
panying voluntary muscle activation99 and the ratio between 
EMG activity and force production. 61 ' 100

Muscle Performance Characteristics
Measuring muscle performance characteristics has been an 

integral component of sensorimotor system assessment for 
many years. Several different assessment approaches involving 
different types of muscle contractions are available, with iso- 
kinetics being the most popular. 101 Isokinetics involves keep 
ing the angular speed of a moving limb constant throughout 
the range of motion, 102 ' 103 independent of magnitude 103 and 
velocity of muscle contractions. 104 Although isokinetic con 
tractions have been criticized as a nonfunctional mode of mus 
cle contraction, they continue to be used extensively because 
of the ease of quantifying torque, work, and power in a clinical 
setting. A thorough review of isokinetic testing, assessment 
interpretation, and application has been published. 101

It is important to recognize isokinetic measures as represen 
tative of the resultant body segment torque produced by vol 
untary skeletal muscle activation. Isokinetic torque does not 
immediately or directly reflect muscle force production but 
rather the final outcome of a descending neural command on 
the muscles across a limb segment. In other words, torque is 
a function of many factors, such as level of muscle activation, 
muscle dynamics (length and velocity), joint geometry (mo 
ment arm length and joint congruency), limb weight (inertia), 
and movement velocity. 102 As a joint is moved though a range 
of motion by muscle activation, several of these factors 
change, giving rise to varying torque production capabilities 
despite similar activation levels. Additionally, different com 
binations of compressive and rotary forces result from similar 
activation levels as a joint moves through the full range of 
motion. This has been hypothesized to affford muscles the 
ability to provide dynamic stability at end ranges while re 
maining a prime mover through the midranges of motion. 105

Sufficient voluntary activation of muscle (timing and mag 
nitude) does not guarantee that the same muscle will perform 
as an adequate dynamic stabilizer for a mechanically unstable 
joint. Several studies have demonstrated the absence of a re 
lationship between isokinetic peak torque and functional abil 
ities in ACL-deficient subjects 106 and healthy individuals. 107 
Further research is needed to consider the relationships be 
tween voluntary muscle activation and force production ca 
pabilities and the function of the dynamic restraint mecha 
nisms during functional activity.

Kinetic and Kinematic Measurements
Function and maintenance of the body's structures requires 

balancing forces that originate from both the environment and 
within the body. Sources of environmental forces include grav 
ity, friction, and contact with other objects, whereas internal 
forces most often originate from muscle activation and re 
straint provided by ligaments. It is the science of biomechanics 
that studies the effects of forces acting on or being produced
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Figure 7. A, Assessment of ground reaction forces during a land 
ing task. B, Typical vertical ground reaction forces during landing.

by the body during human movement through measurement 
techniques such as kinetic and kinematic analyses. 61

Kinetics is the study of forces that cause movement and 
resulting energetics. 61 Although forces can be measured di 
rectly through surgically implanted transducers, they are more 
commonly measured indirectly using force platforms. Force 
platforms can assess force in 3 orthogonal vectors (2 horizon 
tal, 1 vertical) and the moments around each vector. From 
these force data, variables such as peak force, time to peak 
force, and impulse can be calculated to describe the forces 
associated with acceleration of the body's center of mass (Fig 
ure 7).

In comparison, kinematics is the study of motion indepen 
dent of the causative forces and includes measurement of lin 
ear and angular displacements, velocities, and accelerations. 61 
Kinematic measurements are accomplished by tracking the 
displacement of specific body segments during motion. This 
can be accomplished with devices such as high-speed cam 
eras, 108 - 109 electromagnetic tracking systems, 110' 111 electrogo- 
niometers, 112 - 113 and accelerometers. 114 ' 115

Using reflective markers that reflect either natural lighting 
or infrared light, depending on the system, high-speed video 
cameras can capture movement of these markers both digitally 
and on a videocassette tape during functional activities such

B

Figure 8. A, Kinematic analysis of the golf swing using a high 
speed video camera system. B, Three-dimensional representation 
of the golf swing for kinematic analysis.

as hitting a golf ball (Figure 8A). From the tracking of these 
markers, segment models can be created for the assessment of 
the desired segment (Figure 8B). One limitation of video- 
based systems is the enormous amount of time associated with 
digitizing the videotaped footage for segment analysis after 
collection. Electromagnetic tracking systems use an electro 
magnetic transmitter that emits a spherical electromagnetic 
field with a radius of 91.44 to 365.7 cm and receivers fixed 
to the desired limb segments. From the 3-dimensional position 
vectors of these sensors, as well as orientation (yaw, pitch, and 
roll) within the electromagnetic field, segmental kinematic data 
can be calculated. The major limitation of this assessment 
technique is that all movements must be performed within the 
emitted electromagnetic field for accurate measurement. Elec- 
trogoniometers are instrumented strain gauges that provide rel 
ative joint angle data. The limitation of such devices is their 
lack of reliability among observers and the fact that angular 
changes of less then 10° may provide invalid results. 116 Fi 
nally, accelerometers, as the name would suggest, measure ac 
celeration. From these acceleration data, both velocity and po-
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sition of the desired limb can be calculated through derivative 
calculations. Combining synchronized kinetic and kinematic 
data with anthropometric data will allow calculations and pre 
dictions concerning joint-reaction forces and muscle moments 
to be made through the process of link-segment modeling. 61

Kinetic and kinematic measurements have been widely used 
to identify functional adaptations in patients with mechanically 
unstable joints. For example, video motion analysis of patients 
with an ACL rupture revealed increased knee flexion during 
hopping and walking, suggesting that these individuals exhibit 
a "quadriceps-avoidance gait." 117 ' 118 By providing measures 
for the outcomes of muscle activation during functional tasks 
and movement sequences, these assessment tools will continue 
to increase our understanding of successful and unsuccessful 
motor adaptations secondary to joint instability.

Postural Control Measures
Postural control has been one of the most misconstrued con 

cepts within the sensorimotor system. Deficits in postural con 
trol after orthopaedic injury have been largely attributed to 
disruptions in the integrity of the afferent information that aris 
es from ligamentous and capsular mechanoreceptors, despite 
the importance of articular information for postural control 
being largely unknown. Although the exact significance of 
proprioceptive information for postural control remains un 
known, the somatosensory system as a whole has been dem 
onstrated to play a major role.4 ' 119" 121 Postural control com 
bines sensory input from 3 sources (somatosensory, visual, 
and vestibular) within the central nervous system to develop 
postural control strategies executed by the joints throughout 
the kinetic chain. Thus, postural control can become disrupted 
after articular injury not only from diminished afferent artic 
ular information but also by virtue of central strategy selection 
changes (eg, central inhibitions) or deficiencies in the motor 
systems (eg, strength, mechanical stability) or both.

During postural control assessments, because each of the 
sensory sources (somatosensory, visual, and vestibular) can 
compensate for reductions in the contributions from the re 
maining sources,4 specific techniques must be used for infer 
ences to be drawn concerning the integrity of each source. 
Using unstable, compliant, or moving support surfaces is be 
lieved to alter somatosensory input that arises from foot con 
tact with the support surface. Other methods of diminishing 
or altering mechanoreceptor inputs include local anesthetic in 
jection, 122 ' 123 inducing ischemia 122 ' 123 or hypothermia, 124 ' 125 
and vibration.26 - 27 Altering visual inputs is usually done by 
eliminating visual information (eg, eye closure) or providing 
inaccurate visual information through sway referencing 126 ' 127 
or conflict domes. 128 Vestibular inputs have been altered 
through head tilting 129 and galvanic stimulation. 130

Because postural control is specific to the task,61 ' 102 ' 131 an 
other important consideration in conducting postural control 
assessments is the type of task used. Generally, the task in 
volved with an assessment can be considered to either remain 
in equilibrium or to maintain equilibrium while another activ 
ity is performed. Assessing the ability to remain in equilibrium 
is frequently done during periods of quiet stance 122' 132 or after 
support surface perturbations4' 133 ' 134 or bodily delivered per 
turbations. 112 ' 135 The size and shape of the base of support are 
commonly manipulated. Single-leg assessments provide a 
means for bilateral comparisons, an often important applica 
tion in orthopaedic settings. In addition, single-leg stance re-

Figure 9. Multivariate assessment of postural control using force 
plate, electromyographic, and motion analysis.

quires the body's center of gravity to be reorganized over a 
narrow and short base of support, thereby increasing the im 
portance of segmental control in the frontal plane. In contrast 
to the assessment task of maintaining equilibrium, conscious 
attention is not normally required or centered on maintaining 
postural control during activities of daily living. Typically, a 
conscious motor command is initiated (eg, running) with the 
specific details of the movement (eg, sequence of muscle ac 
tivation) programmed by various areas of the central nervous 
system, whereas the conscious can shift focus to another 
thought. Thus, it naturally follows that postural control as 
sessments should include circumstances that attempt to dupli 
cate similar scenarios. An example of this type of task is the 
single-leg hop stabilization test. 136

In addition to a variety of assessment tasks, many different 
measurement techniques have been used to quantify postural 
stability and the types of strategies selected for maintaining 
equilibrium (Figure 9). Generally, postural control measure 
ment techniques can be considered as either clinical or instru 
mented. Clinical measures are obtained without sophisticated 
equipment. Examples include error scoring systems 136 - 137 and 
measurement of the length a person can reach 138 or the time 
one can maintain equilibrium in a given stance (or both). 131 - 139 
Instrumented measures are frequently obtained from support 
surface sensors, with force platforms being the most dominant 
tool used. Force plates provide the opportunity to monitor cen 
ter of pressure and variability in horizontal and vertical reac 
tion forces associated with corrective muscular actions. In ad 
dition to measuring changes in postural control through the 
support surface, kinematic methods can be used to determine 
the types of movements that occur at each limb segment. Last 
ly, by incorporating EMG measures, levels of coactivation and 
characteristics of muscle responses to postural perturbations
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Figure 10. A, Ankle joint stiffness assessed during passive move 
ment using position data from an isokinetic dynamometer and 
torque data from an externally fixed load cell. B, Typical joint stiff 
ness derived from the slope of the position versus torque data.

can be determined. Many of these measurement techniques can 
also be used during rehabilitation after injury. 140

Studies of disruptions in postural control after orthopaedic 
injury as measured through force plates during static stance 
have yielded controversial results. Although some investi 
gators have found decreases in postural stability after joint 
injury, 132 ' 141 - 144 others have failed to elicit significant dif 
ferences. 145" 147 Since force plates depend on center-of-pres- 
sure changes and forces exerted against the platform, they 
may fail to reveal alterations that occur at proximal limb seg 
ments. Several researchers have reported alterations in pos 
tural control strategies during quiet stance 132 and after per 
turbation. 133 - 134 These results may support the idea that a 
pathologic joint condition disrupts postural control not only 
from a sensory perspective but also via the central integration 
processes or deficiencies in the motor system (or both). An 
additional use of postural control measures in athletic train 
ing research is the area of mild head injury. Several reports 
have documented changes in postural stability in athletes who 
sustain mild head injury using both clinical and instrumented 
measures. 126" 128 - 148 Further research is needed to consider

postural control through force plate, kinematic, and EMG mea 
sures during more dynamic and functional activities.

Muscle and Joint Stiffness
Muscle stiffness, defined as the ratio of change in force per 

change in length, 149 ' 150 is beginning to receive attention from 
several perspectives within orthopaedic research. Interestingly 
enough, the closely related characteristic of joint stiffness has 
been a subject of interest for many years in the rheumatology 
field. 151 ' 152 In contrast to muscle stiffness, which refers spe 
cifically to the stiffness properties exhibited by tenomuscular 
tissues, joint stiffness involves the contributions of all of the 
structures located within and over the joint (muscles, tendons, 
skin, subcutaneous tissue, fascia, ligaments, joint capsule, and 
cartilage). 151 ' 152 In our previous articles,2 '3 we reviewed the 
theoretic importance of stiffness to functional joint stability 
and the role of joint mechanoreceptors in stiffness regulation.

Several testing models have been used to measure stiffness 
during various levels of muscle activation. The first method 
measures the resistance to passive movement of the joint and, 
therefore, reflects the stiffness characteristics of all structures 
that span the joint (joint stiffness) (Figure 10A). 151 ' 152 Data 
regarding angular position and resistance are related using a 
polynomial equation, with the slope of the line representing 
stiffness due to elasticity (Figure 10B). 152 Recently, this model 
was applied in an orthopaedic investigation determining the 
effects of sex and joint angle on the contribution of the gas- 
trocnemius muscle to ankle joint stiffness. 153

Sinkjaer et al 154" 156 have used a complex version of this 
testing design with a high-speed, servo-controlled motor to 
produce angular perturbations. The motor-driven device ap 
plies a high-velocity, low-amplitude dorsiflexion movement to 
the ankle. The perturbation device uses potentiometers to mea 
sure the resistance of the ankle for the dorsiflexion movement 
and ankle joint position and EMG to measure reflexive muscle 
activity. Through their series of studies, Sinkjaer et al' 54~ 156 
have been able to quantify not only the contributions of in 
trinsic stiffness (stiffness before sensorimotor activation of the 
stretch reflex) but also the role the stretch reflex plays in pro 
viding joint stiffness (extrinsic stiffness). Extrinsic stiffness 
data may suggest that although joint stiffness is increased 
when compared with intrinsic stiffness alone, the reflex may 
not react quickly enough to support the joint, indicating that 
intrinsic stiffness may be a more vital component of stability. 
Intrinsic stiffness provides the first line of defense for joint 
stability when force is applied to the joint. 149 ' 156"160 Similarly, 
Kirsch, Kearney, and Hunter 161 " 163 have used similar methods 
to determine the influence of activation levels and angular po 
sition on joint mechanics and stiffness.

Another stiffness testing approach focuses more on the stiff 
ness of the musculotendinous complex crossing a particular 
joint by using a single-degree-of-mass spring system with a 
damping component. 149 ' 164 ' 165 With this method, 2 different 
approaches have been used. Oatis 164 assessed stiffness by mea 
suring the damping of joint motion during muscle relaxation. 
For example, the subject was seated with the lower leg hang 
ing off the table. Each trial consisted of the tester holding the 
relaxed leg of the subject, then dropping the limb, allowing 
for free pendulum motion. From knee-flexion data obtained 
with an electrogoniometer, as well as anthropometric assess 
ment of limb characteristics, knee stiffness was calculated. Un 
like Oatis, 164 who calculated stiffness in the absence of muscle
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contraction, McNair et al 149 and Wilson et al 165 measured the 
damping to induced oscillations under varying degrees of mus 
cle contraction. McNair et al 149 positioned subjects prone with 
the knee and hip flexed at 30° of flexion. By having subjects 
contract at 30%, 45%, and 60% of a hamstring maximum vol 
untary contraction, gentle downward force was applied to the 
posterior aspect of the limb. McNair et al 149 calculated stiff 
ness by measuring the oscillation characteristics of the limb 
using an accelerometer. As one would expect, stiffness in 
creased as a function of muscle contraction because of in 
creased cross-bridge activation. 149 McNair et al 149 found a 
moderate correlation between hamstring muscle stiffness and 
functional ability in ACL-deficient individuals. These results 
suggest that the hamstrings may resist anterior translation of 
the tibia in the absence of the ACL.

Lastly, stiffness has been measured during functional tasks 
such as running, 166 ' 167 hopping, 168 - 169 and landing. 170 Stiffness 
during these activities has been calculated by determining ei 
ther the relationship between the vertical ground reaction force 
and center-of-mass displacement 167 or the natural frequency of 
the equivalent mass-spring system. 170 The advantage to these 
methods is being able to assess stiffness during functional 
movements. Future researchers should consider using these 
methods to advance the findings of McNair et al with respect 
to ACL-deficient participants and to possibly explain the in 
creased incidence of noncontact ACL injuries in females.

CONCLUSIONS
Collectively, the techniques we have discussed in this article 

provide a means to evaluate the integrity and function of sen- 
sorimotor components by measuring variables along the affer 
ent or efferent (or both) pathways and the final outcome of 
skeletal muscle activation. In most of the studies, these tech 
niques have been used in isolation to compare normal and 
abnormal groups. However, conducting comprehensive com 
parisons of variables located on both the afferent and efferent 
pathways in patients with different combinations of mechani 
cal and functional stability status may better solidify our un 
derstanding of the sensorimotor system. These types of inves 
tigations have the potential advantages of identifying the 
coexistence of sensorimotor deficits after injury and the suc 
cessful compensatory patterns developed in patients maintain 
ing functional joint stability in the absence of mechanical sta 
bility.

Once deficits and effective compensatory patterns are iden 
tified, investigators can begin to examine the efficacy of man 
agement strategies, both conservative and surgical, in restoring 
functional joint stability. The measurement techniques dis 
cussed in this article also can be applied to prospective and 
preventive considerations of joint injury. Current major re 
search trends include identifying sex differences and the influ 
ence of fatigue as predisposing factors to joint injury. Opti 
mizing the application of sensorimotor research to clinical 
settings requires the use of common nomenclature and tech 
niques understood by both clinicians and researchers. Our pur 
pose was to initiate a bridge of understanding by providing an 
overview of the currently available sensorimotor measurement 
techniques and procedures.
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Objectives: To educate athletic trainers and others about the 
need for emergency planning, to provide guidelines in the de 
velopment of emergency plans, and to advocate documentation 
of emergency planning.

Background: Most injuries sustained during athletics or oth 
er physical activity are relatively minor. However, potentially 
limb-threatening or life-threatening emergencies in athletics and 
physical activity are unpredictable and occur without warning. 
Proper management of these injuries is critical and should be 
carried out by trained health services personnel to minimize risk 
to the injured participant. The organization or institution and its 
personnel can be placed at risk by the lack of an emergency 
plan, which may be the foundation of a legal claim.

Recommendations: The National Athletic Trainers' Associ 
ation recommends that each organization or institution that 
sponsors athletic activities or events develop and implement a 
written emergency plan. Emergency plans should be developed 
by organizational or institutional personnel in consultation with

the local emergency medical services. Components of the 
emergency plan include identification of the personnel involved, 
specification of the equipment needed to respond to the emer 
gency, and establishment of a communication system to sum 
mon emergency care. Additional components of the emergency 
plan are identification of the mode of emergency transport, 
specification of the venue or activity location, and incorporation 
of emergency service personnel into the development and im 
plementation process. Emergency plans should be reviewed 
and rehearsed annually, with written documentation of any 
modifications. The plan should identify responsibility for docu 
mentation of actions taken during the emergency, evaluation of 
the emergency response, institutional personnel training, and 
equipment maintenance. Further, training of the involved per 
sonnel should include automatic external defibrillation, cardio- 
pulmonary resuscitation, first aid, and prevention of disease 
transmission.

Key Words: policies and procedures, athletics, planning, cat 
astrophic

A lthough most injuries that occur in athletics are rela 
tively minor, limb-threatening or life-threatening in 
juries are unpredictable and can occur without warn 

ing. 1 Because of the relatively low incidence rate of cata 
strophic injuries, athletic program personnel may develop a 
false sense of security over time in the absence of such inju 
ries. 1 "4 However, these injuries can occur during any physical 
activity and at any level of participation. Of additional concern 
is the heightened public awareness associated with the nature 
and management of such injuries. Medicolegal interests can 
lead to questions about the qualifications of the personnel in 
volved, the preparedness of the organization for handling these 
situations, and the actions taken by program personnel. 5

Proper emergency management of limb- or life-threatening 
injuries is critical and should be handled by trained medical 
and allied health personnel. 1 "4 Preparation for response to 
emergencies includes education and training, maintenance of 
emergency equipment and supplies, appropriate use of person

nel, and the formation and implementation of an emergency 
plan. The emergency plan should be thought of as a blueprint 
for handling emergencies. A sound emergency plan is easily 
understood and establishes accountability for the management 
of emergencies. Furthermore, failure to have an emergency 
plan can be considered negligence. 5

POSITION STATEMENT
Based on an extensive survey of the literature and expert 

review, the following is the position of the National Athletic 
Trainers' Association (NATA):

1. Each institution or organization that sponsors athletic ac 
tivities must have a written emergency plan. The emer 
gency plan should be comprehensive and practical, yet 
flexible enough to adapt to any emergency situation.

2. Emergency plans must be written documents and should 
be distributed to certified athletic trainers, team and at-
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tending physicians, athletic training students, institutional 
and organizational safety personnel, institutional and or 
ganizational administrators, and coaches. The emergency 
plan should be developed in consultation with local emer 
gency medical services personnel.

3. An emergency plan for athletics identifies the personnel 
involved in carrying out the emergency plan and outlines 
the qualifications of those executing the plan. Sports med 
icine professionals, officials, and coaches should be 
trained in automatic external defibrillation, cardiopulmo- 
nary resuscitation, first aid, and prevention of disease 
transmission.

4. The emergency plan should specify the equipment needed 
to carry out the tasks required in the event of an emer 
gency. In addition, the emergency plan should outline the 
location of the emergency equipment. Further, the equip 
ment available should be appropriate to the level of train 
ing of the personnel involved.

5. Establishment of a clear mechanism for communication to 
appropriate emergency care service providers and identi 
fication of the mode of transportation for the injured par 
ticipant are critical elements of an emergency plan.

6. The emergency plan should be specific to the activity ven 
ue. That is, each activity site should have a defined emer 
gency plan that is derived from the overall institutional or 
organizational policies on emergency planning.

7. Emergency plans should incorporate the emergency care 
facilities to which the injured individual will be taken. 
Emergency receiving facilities should be notified in ad 
vance of scheduled events and contests. Personnel from 
the emergency receiving facilities should be included in 
the development of the emergency plan for the institution 
or organization.

8. The emergency plan specifies the necessary documenta 
tion supporting the implementation and evaluation of the 
emergency plan. This documentation should identify re 
sponsibility for documenting actions taken during the 
emergency, evaluation of the emergency response, and in 
stitutional personnel training.

9. The emergency plan should be reviewed and rehearsed 
annually, although more frequent review and rehearsal 
may be necessary. The results of these reviews and re 
hearsals should be documented and should indicate wheth 
er the emergency plan was modified, with further docu 
mentation reflecting how the plan was changed.

10. All personnel involved with the organization and spon 
sorship of athletic activities share a professional respon 
sibility to provide for the emergency care of an injured 
person, including the development and implementation of 
an emergency plan.

11. All personnel involved with the organization and spon 
sorship of athletic activities share a legal duty to develop, 
implement, and evaluate an emergency plan for all spon 
sored athletic activities.

12. The emergency plan should be reviewed by the adminis 
tration and legal counsel of the sponsoring organization 
or institution.

BACKGROUND FOR THIS POSITION STAND

Need for Emergency Plans
Emergencies, accidents, and natural disasters are rarely pre 

dictable; however, when they do occur, rapid, controlled re

sponse will likely make the difference between an effective 
and an ineffective emergency response. Response can be hin 
dered by the chaotic actions and increased emotions of those 
who make attempts to help persons who are injured or in dan 
ger. One method of control for these unpredictable events is 
an emergency plan that, if well designed and rehearsed, can 
provide responders with an organized approach to their reac 
tion. The development of the emergency plan takes care and 
time to ensure that all necessary contingencies have been in 
cluded. Lessons learned from major emergencies are also im 
portant to consider when developing or revising an emergency 
plan.

Emergency plans are applicable to agencies of the govern 
ment, such as law enforcement, fire and rescue, and federal 
emergency management teams. Furthermore, the use of emer 
gency plans is directly applicable to sport and fitness activities 
due to the inherent possibility of "an untoward event" that 
requires access to emergency medical services. 6 Of course, 
when developing an emergency plan for athletics, there is one 
notable difference from those used by local, state, and federal 
emergency management personnel. With few exceptions, typ 
ically only one athlete, fan, or sideline participant is at risk at 
one time due to bleeding, internal injury, cardiac arrest, shock, 
or traumatic head or spine injury. However, emergency plan 
ning in athletics should account for an untoward event involv 
ing a game official, fan, or sideline participant as well as the 
participating athlete. Although triage in athletic emergency sit 
uations may be rare, this does not minimize the risks involved 
and the need for carefully prepared emergency care plans. The 
need for emergency plans in athletics can be divided into 2 
major categories: professional and legal.

Professional Need. The first category for consideration in 
determining the need for emergency plans in athletics is or 
ganizational and professional responsibility. Certain governing 
bodies associated with athletic competition have stated that 
institutions and organizations must provide for access to emer 
gency medical services if an emergency should occur during 
any aspect of athletic activity, including in-season and off- 
season activities. 6 The National Collegiate Athletic Associa 
tion (NCAA) has recommended that all member institutions 
develop an emergency plan for their athletic programs.7 The 
National Federation of State High School Associations has 
recommended the same at the secondary school level. 8 The 
NCAA states, "Each scheduled practice or contest of an in 
stitution-sponsored intercollegiate athletics event, as well as 
out-of-season practices and skills sessions, should include an 
emergency plan." 6 The 1999-2000 NCAA Sports Medicine 
Handbook further outlines the key components of the emer 
gency plan. 6

Although the 1999-2000 NCAA Sports Medicine Handbook 
is a useful guide, a recent survey of NCAA member institu 
tions revealed that at least 10% of the institutions do not main 
tain any form of an emergency plan.7 In addition, more than 
one third of the institutions do not maintain emergency plans 
for the off-season strength and conditioning activities of the 
sports.

Personnel coverage at NCAA institutions was also found to 
be an issue. Nearly all schools provided personnel qualified to 
administer emergency care for high-risk contact sports, but 
fewer than two thirds of institutions provided adequate per 
sonnel to sports such as cross-country and track. 9 In a mem 
orandum dated March 25, 1999, and sent to key personnel at
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all schools, the president of the NCAA reiterated the recom 
mendations in the 1999-2000 NCAA Sports Medicine Hand 
book to maintain emergency plans for all sport activities, in 
cluding skill instruction, conditioning, and the nontraditional 
practice seasons. 8

A need for emergency preparedness is further recognized 
by several national organizations concerned with the delivery 
of health care services to fitness and sport participants, in 
cluding the NATA Education Council, 10 NATA Board of Cer 
tification, Inc," American College of Sports Medicine, Inter 
national Health Racquet and Sports Club Association, 
American College of Cardiology, and Young Men's Christian 
Association. 12 The NATA-approved athletic training educa 
tional competencies for athletic trainers include several refer 
ences to emergency action plans. 10 The knowledge of the key 
components of an emergency plan, the ability to recognize and 
appraise emergency plans, and the ability to develop emer 
gency plans are all considered required tasks of the athletic 
trainer. 11 These responsibilities justify the need for the athletic 
trainer to be involved in the development and application of 
emergency plans as a partial fulfillment of his or her profes 
sional obligations.

In addition to the equipment and personnel involved in 
emergency response, the emergency plan must include consid 
eration for the sport activity and rules of competition, the 
weather conditions, and the level of competition. 13 The vari 
ation in these factors makes venue-specific planning necessary 
because of the numerous contingencies that may occur. For 
example, many youth sport activities include both new partic 
ipants of various sizes who may not know the rules of the 
activity and those who have participated for years. Also, out 
door sport activities include the possibility of lightning strikes, 
excessive heat and humidity, and excessive cold, among other 
environmental concerns that may not be factors during indoor 
activities. Organizations in areas of the country in which snow 
may accumulate must consider provisions for ensuring that 
accessibility by emergency vehicles is not hampered. In ad 
dition, the availability of safety equipment that is necessary 
for participation may be an issue for those in underserved 
areas. The burden of considering all the possible contingencies 
in light of the various situations must rest on the professionals, 
who are best trained to recognize the need for emergency plans 
and who can develop and implement the venue-specific plans.

Legal Need. Also of significance is the legal basis for the 
development and application of an emergency plan. It is well 
known that organizational medical personnel, including certi 
fied athletic trainers, have a legal duty as reasonable and pru 
dent professionals to ensure high-quality care of the partici 
pants. Of further legal precedence is the accepted standard of 
care by which allied health professionals are measured. 14 This 
standard of care provides necessary accountability for the ac 
tions of both the practitioners and the governing body that 
oversees those practitioners. The emergency plan has been cat 
egorized as a written document that defines the standard of 
care required during an emergency situation. 15 Herbert 16 em 
phasized that well-formulated, adequately written, and peri 
odically rehearsed emergency response protocols are absolute 
ly required by sports medicine programs. Herbert 16 further 
stated that the absence of an emergency plan frequently is the 
basis for claim and suit based on negligence.

One key indicator for the need for an emergency action plan 
is the concept of foreseeability. The organization administra 
tors and the members of the sports medicine team must ques

tion whether a particular emergency situation has a reasonable 
possibility of occurring during the sport activity in ques 
tion. 14 ' 15 - 17 For example, if it is reasonably possible that a 
catastrophic event such as a head injury, spine injury, or other 
severe trauma may occur during practice, conditioning, or 
competition in a sport, a previously prepared emergency plan 
must be in place. The medical and allied health care personnel 
must constantly be on guard for potential injuries, and al 
though the occurrence of limb-threatening or life-threatening 
emergencies is not common, the potential exists. Therefore, 
prepared emergency responders must have planned in advance 
for the action to be taken in the event of such an emergency.

Several legal claims and suits have indicated or alluded to 
the need for emergency plans. In Gathers v Loyola Mary mount 
University, 18 the state court settlement included a statement 
that care was delayed for the injured athlete, and the plaintiffs 
further alleged that the defendants acted negligently and care 
lessly in not providing appropriate emergency response. These 
observations strongly support the need to have clear emergen 
cy plans in place, rehearsed, and carried out. In several addi 
tional cases, 19 ~21 the courts have stated that proper care was 
delayed, and it can be reasoned that these delays could have 
been avoided with the application of a well-prepared emer 
gency plan.

Perhaps the most significant case bearing on the need for 
emergency planning is Kleinknecht v Gettysburg College, 
which came before the appellate court in 1993. 5 ' 17 In a portion 
of the decision, the court stated that the college owed a duty 
to the athletes who are recruited to be athletes at the institution. 
Further, as a part of that duty, the college must provide 
"prompt and adequate emergency services while engaged in 
the school-sponsored intercollegiate athletic activity for which 
the athlete had been recruited." 17 The same court further ruled 
that reasonable measures must be ensured and in place to pro 
vide prompt treatment of emergency situations. One can con 
clude from these rulings that planning is critical to ensure 
prompt and proper emergency medical care, further validating 
the need for an emergency plan. 5

Based on the review of the legal and professional literature, 
there is no doubt regarding the need for organizations at all 
levels that sponsor athletic activities to maintain an up-to-date, 
thorough, and regularly rehearsed emergency plan. Further 
more, members of the sports medicine team have both legal 
and professional obligations to perform this duty to protect the 
interests of both the participating athletes and the organization 
or institution. At best, failure to do so will inevitably result in 
inefficient athlete care, whereas at worst, gross negligence and 
potential life-threatening ramifications for the injured athlete 
or organizational personnel are likely.

Components of Emergency Plans
Organizations that sponsor athletic activities have a duty 

to develop an emergency plan that can be implemented im 
mediately and to provide appropriate standards of health care 
to all sports participants. 5 ' 14 ' 15 ' 17 Athletic injuries may occur 
at any time and during any activity. The sports medicine team 
must be prepared through the formulation of an emergency 
plan, proper coverage of events, maintenance of appropriate 
emergency equipment and supplies, use of appropriate emer 
gency medical personnel, and continuing education in the 
area of emergency medicine. Some potential emergencies 
may be averted through careful preparticipation physical
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Sample Venue-Specific Emergency Protocol

.University Sports Medicine Football Emergency Protocol

and meet at

cross street:.

as we have an

Street

1. Call 911 or other emergency number consistent with organizational policies
2. Instruct emergency medical services (EMS) personnel to "report to _____ 

injured student-athlete in need of emergency medical treatment."
University Football Practice Complex: ______ Street entrance (gate across street from 
University Stadium: Gate _______ entrance off _______ Road

3. Provide necessary information to EMS personnel:
• name, address, telephone number of caller
• number of victims; condition of victims
• first-aid treatment initiated
• specific directions as needed to locate scene
• other information as requested by dispatcher

4. Provide appropriate emergency care until arrival of EMS personnel: on arrival of EMS personnel, provide pertinent information (method of 
injury, vital signs, treatment rendered, medical history) and assist with emergency care as needed

Note:

sports medicine staff member should accompany student-athlete to hospital
notify other sports medicine staff immediately
parents should be contacted by sports medicine staff
inform coach(es) and administration
obtain medical history and insurance information
appropriate injury reports should be completed

Emergency Telephone Numbers
_____ Hospital _______ - _______ 
_____ Emergency Department _______ - _______ 
University Health Center _______ - _______ 
Campus Police _______ - _______

Emergency Signals

Physician: arm extended overhead with clenched first
Paramedics: point to location in end zone by home locker room and wave onto field
Spine board: arms held horizontally
Stretcher: supinated hands in front of body or waist level
Splints: hand to lower leg or thigh

screenings, adequate medical coverage, safe practice and 
training techniques, and other safety measures. 1 ' 22 However, 
accidents and injuries are inherent with sports participation, 
and proper preparation on the part of the sports medicine 
team will enable each emergency situation to be managed 
appropriately.

The goal of the sports medicine team is the delivery of the 
highest possible quality health care to the athlete. Management 
of the emergency situation that occurs during athletic activities 
may involve certified athletic trainers and students, emergency 
medical personnel, physicians, and coaches working together. 
Just as with an athletic team, the sports medicine team must 
work together as an efficient unit to accomplish its goals. 22 In 
an emergency situation, the team concept becomes even more 
critical, because time is crucial and seconds may mean the 
difference among life, death, and permanent disability. The 
sharing of information, training, and skills among the various 
emergency medical care providers helps reach the goal. 22 '23

Implementation. Once the importance of the emergency 
plan is realized and the plan has been developed, the plan must 
be implemented. Implementation of the emergency plan re 
quires 3 basic steps.23

First, the plan must be committed to writing (Table) to pro 
vide a clear response mechanism and to allow for continuity 
among emergency team members. 14 ' 16 This can be accom 
plished by using a flow sheet or an organizational chart. It is 
also important to have a separate plan or to modify the plan

for different athletic venues and for practices and games. 
Emergency team members, such as the team physician, who 
are present at games may not necessarily be present at prac 
tices. Moreover, the location and type of equipment and com 
munication devices may differ among sports, venues, and ac 
tivity levels.

The second step is education. 23 It is important to educate 
all the members of the emergency team regarding the emer 
gency plan. All personnel should be familiar with the emer 
gency medical services system that will provide coverage to 
their venues and include their input in the emergency plan. 
Each team member, as well as institution or organization ad 
ministrators, should have a written copy of the emergency plan 
that provides documentation of his or her roles and responsi 
bilities in emergency situations. A copy of the emergency plan 
specific to each venue should be posted prominently by the 
available telephone.

Third, the emergency plan and procedures have to be re 
hearsed. 16 This provides team members a chance to maintain 
their emergency skills at a high level of competency. It also 
provides an opportunity for athletic trainers and emergency 
medical personnel to communicate regarding specific policies 
and procedures in their particular region of practice. 22 This 
rehearsal can be accomplished through an annual in-service 
meeting, preferably before the highest-risk sports season (eg, 
football, ice hockey, lacrosse). Reviews should be undertaken 
as needed throughout the sports season, because emergency 
medical procedures and personnel may change.
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Personnel. In an athletic environment, the first person who 
responds to an emergency situation may vary widely22'24 ; it 
may be a coach or a game official, a certified athletic trainer, 
an emergency medical technician, or a physician. This varia 
tion in the first responder makes it imperative that an emer 
gency plan be in place and rehearsed. With a plan in place 
and rehearsed, these differently trained individuals will be able 
to work together as an effective team when responding to 
emergency situations.

The plan should also outline who is responsible for sum 
moning help and clearing the uninjured from the area.

In addition, all personnel associated with practices, com 
petitions, skills instruction, and strength and conditioning ac 
tivities should have training in automatic external defibrillation 
and current certification in cardiopulmonary resuscitation, first 
aid, and the prevention of disease transmission. 5 - 7

Equipment. All necessary supplemental equipment should 
be at the site and quickly accessible. 13 '25 Equipment should be 
in good operating condition, and personnel must be trained in 
advance to use it properly. Improvements in technology and 
emergency training require personnel to become familiar with 
the use of automatic external defibrillators, oxygen, and ad 
vanced airways.

It is imperative that health professionals and organizational 
administrators recognize that recent guidelines published by 
the American Heart Association call for the availability and 
use of automatic external defibrillators and that defibrillation 
is considered a component of basic life support. 26 In addition, 
these guidelines emphasize use of the bag-valve mask in emer 
gency resuscitation and the use of emergency oxygen and ad 
vanced airways in emergency care. Personnel should consider 
receiving appropriate training for these devices and should 
limit use to devices for which they have been trained.

To ensure that emergency equipment is in working order, 
all equipment should be checked on a regular basis. Also, the 
use of equipment should be regularly rehearsed by emergency 
personnel, and the emergency equipment that is available 
should be appropriate for the level of training of the emergen 
cy medical providers and the venue.

Communication. Access to a working telephone or other 
telecommunications device, whether fixed or mobile, should 
be ensured.5 ' 17 '21 The communications system should be 
checked before each practice or competition to ensure proper 
working order. A back-up communication plan should be in 
effect in case the primary communication system fails. A list 
ing of appropriate emergency numbers should be either posted 
by the communication system or readily available, as well as 
the street address of the venue and specific directions (cross 
streets, landmarks, and so on) (Table).

Transportation. The emergency plan should encompass 
transportation of the sick and injured. Emphasis should be 
placed on having an ambulance on site at high-risk events. 15 
Emergency medical services response time should also be fac 
tored in when determining on-site ambulance coverage. Con 
sideration should be given to the level of transportation service 
that is available (eg, basic life support, advanced life support) 
and the equipment and training level of the personnel who 
staff the ambulance. 23

In the event that an ambulance is on site, a location should 
be designated with rapid access to the site and a cleared route 
for entering and exiting the venue. 19 In the emergency eval 
uation, the primary survey assists the emergency care provider 
in identifying emergencies that require critical intervention

and in determining transport decisions. In an emergency sit 
uation, the athlete should be transported by ambulance to the 
most appropriate receiving facility, where the necessary staff 
and equipment can deliver appropriate care. 23

In addition, a plan must be available to ensure that the ac 
tivity areas are supervised if the emergency care provider 
leaves the site to transport the athlete.

Venue Location. The emergency plan should be venue spe 
cific, based on the site of the practice or competition and the 
activity involved (Table). The plan for each venue should en 
compass accessibility to emergency personnel, communication 
system, equipment, and transportation.

At home sites, the host medical providers should orient the 
visiting medical personnel regarding the site, emergency per 
sonnel, equipment available, and procedures associated with 
the emergency plan.

At away or neutral sites, the coach or athletic trainer should 
identify, before the event, the availability of communication 
with emergency medical services and should verify service 
and reception, particularly in rural areas. In addition, the name 
and location of the nearest emergency care facility and the 
availability of an ambulance at the event site should be ascer 
tained.

Emergency Care Facilities. The emergency plan should 
incorporate access to an emergency medical facility. In selec 
tion of the appropriate facility, consideration should be given 
to the location with respect to the athletic venue. Consideration 
should also include the level of service available at the emer 
gency facility.

The designated emergency facility and emergency medical 
services should be notified in advance of athletic events. Fur 
thermore, it is recommended that the emergency plan be re 
viewed with both medical facility administrators and in-ser 
vice medical staff regarding pertinent issues involved in athlete 
care, such as proper removal of athletic equipment in the fa 
cility when appropriate. 22 '23 '27

Documentation. A written emergency plan should be re 
viewed and approved by sports medicine team members and 
institutions involved. If multiple facilities or sites are to be 
used, each will require a separate plan. Additional documen 
tation should encompass the following 15 ' 16 :

1. Delineation of the person and/or group responsible for 
documenting the events of the emergency situation

2. Follow-up documentation on evaluation of response to 
emergency situation

3. Documentation of regular rehearsal of the emergency plan
4. Documentation of personnel training
5. Documentation of emergency equipment maintenance

It is prudent to invest organizational and institutional own 
ership in the emergency plan by involving administrators and 
sport coaches as well as sports medicine personnel in the plan 
ning and documentation process. The emergency plan should 
be reviewed at least annually with all involved personnel. Any 
revisions or modifications should be reviewed and approved 
by the personnel involved at all levels of the sponsoring or 
ganization or institution and of the responding emergency 
medical services.

SUMMARY

The purpose of this statement is to present the position of 
the NATA on emergency planning in athletics. Specifically,
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professional and legal requirements mandate that organizations 
or institutions sponsoring athletic activities have a written 
emergency plan. A well-thought-out emergency plan consists 
of a number of factors, including, but not necessarily limited 
to, personnel, equipment, communication, transportation, and 
documentation. Finally, all sports medicine professionals, 
coaches, and organizational administrators share professional 
and legal duties to develop, implement, and evaluate emer 
gency plans for sponsored athletic activities.
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ERRATUM

Stilger VG, Etzel EF, Lantz CD. Life-stress sources and symptoms 
of collegiate student athletic trainers over the course of an academic 
year. J. AM Train. 2001;36(4):401-407.

On page 404, the group labels in Figure 4 were incorrect. Figure 4 
should have appeared as follows:

\ °* \

Figure 4. Overall stress.

Month
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The NATA Research and Education Foundation announces that funding is available for 

Bone and Joint Decade Grant Awards. Priority consideration is given to proposals that 

include a certified athletic trainer as an integral member of the research team. Multiple 

awards are available.

BACKGROUND

Muscuioskeletal disorders are the most common causes of 
severe long-term pain and physical disability. It is estimated 
that nearly 30 million people sustain a musculoskeletal injury 
in the Unites States each year with a societal cost of some 
$254 billion. Bone and joint disease is the primary cause of 
visits to physicians. The National Athletic Trainers' Associa 
tion Research and Education Foundation is working in con 
cert with the United Nations, the World Health Organization, 
and numerous other health care organizations and national 
governments to support the 2000-2010 Bone and Joint 
Decade. The Bone and Joint Decade initiative is a global cam 
paign to improve the quality of life for people who have mus 
culoskeletal disorders, and to advance understanding and 
treatment of musculoskeletal disorders through prevention, 
education and research. The goals of the Bone and Joint 
Decade will be achieved by:

1. Raising awareness of the growing burden of 
musculoskeletal disorders on society.

2. Empowering patients to participate in their own care.

3. Promoting cost-effective prevention and treatment.

The Bone and Joint Decade focuses on four clinic areas: joint 
diseases, spinal disorders, osteoporosis, and trauma to the 
extremities. Since physical activity is associated with the cause 
and treatment of each clinic area, athletic trainers invariably 
confront problems related to the prevention, evaluation and 
management of these conditions.

OBJECTIVES

The NATA Research and Education Foundation encourages 
submission of high-quality research proposals that will clarify 
the effectiveness of preventative, diagnostic and treatment 
methods for musculoskeletal injuries and diseases relative to 
participation in physical activity. Areas of interest may include 
but are not limited to: efficacy of treatments to reduce long- 
term consequences of injury, with particular relevance to the 
development of joint disease; efficacy of prevention strategies 
of serious musculoskeletal injuries to the extremities and 
spine; efficacy of methods to identify participant injury risk; effi 
cacy of methods to identify participant risk for and treatment of 
exercise-induced osteoporosis.

PROCEDURE

4. Advancing understanding of musculoskeletal disorders 
through research to improve prevention and treatment.

Pre-Proposal Submission: The NATA Foundation now requires 
that investigators interested in submitting a grant application



to the NATA Foundation first submit a "Pre-proposal". The pur 
pose of the Pre-proposal is to optimize the time invested by 
both the NATA Foundation Research Committee and the inves 
tigators in grant proposals submitted to the NATA Foundation. 
The Pre-proposal will allow the NATA Foundation Research 
Committee to evaluate whether or not the proposed research 
project is of interest to the NATA Foundation. The NATA 
Foundation Research Committee will evaluate the Pre-propos 
al both for subject matter (topic and hypotheses) and for 
research design/methodology. Based upon this evaluation, the 
committee will then either invite the submission of a full pro 
posal or indicate that the proposed project is not of interest to 
the NATA Foundation. An invitation to submit a full proposal 
does not imply a commitment to funding. It does indicate that 
the topic is of potential interest to the NATA Foundation and 
that the general research design seems reasonable based on 
the information given in the Pre-proposal. A full proposal must 
be submitted within two (2) years after the date of the letter 
indicating acceptance of the Pre-proposal and providing an 
invitation to submit a full proposal. Otherwise, to assure time 
liness and pertinence of the subject matter, a new Pre-propos 
al must be submitted. A commitment to funding may occur 
only after a detailed review of the full proposal by the NATA 
Foundation Research Committee.

REQUIREMENTS OF GRANT RECIPIENTS

Recipients of Bone and Joint Decade grant awards will be 
requested to present their findings at the 2007 NATA Annual 
Meeting and Clinical Symposia in Anaheim, California. The 
findings, however, may be presented at an earlier NATA 
Annual Meeting, if delay would be detrimental. In this case, 
the principal investigator could present prior to 2007, and 
also present a topic related to the funding support at the 
June 2007 Annual Meeting. Travel costs for either or both 
meetings would be legitimate budget expenses in the origi 
nal request for funding.

MAIL COMPLETED PRE-PROPOSAL TO:

Michael R. Sitler, EdD, ATC 
Chair, NATA Foundation Research Committee 
Department of Kinesiology, 114 Pearson Hall 
Temple University, Philadelphia, PA 19122

INSTRUCTIONS FOR SUBMISSION:

A Pre-proposal may be submitted at any time. The Pre-pro 
posal must be submitted in both hard copy (2 page limit, sin 
gle-spaced) and 3.5" diskette. The applicant will receive results 
of the review within 6 weeks after the pre-proposal is received. 
Submission deadlines for full proposals are March 1 and 
September 1. The applicant must be explicit and concise in 
providing the following information:

1. Name, Credentials, Address, Phone, Fax, E-mail, 
Sponsoring Institution, Title of Proposal

2. Statement of the Problem. This section should contain a 
brief statement of the problem and should state explicitly 
how the project relates to athletic training and/or the 
health care of the physically active.

3. Specific Aims and Hypotheses. This section should pres 
ent the specific questions to be addressed and the spe 
cific hypotheses that will be tested in the project. It is 
often helpful to present numbered specific aims accom 
panied by the associated hypotheses.

4. Experimental Design and General Methods. This section 
should contain a general outline of the research design 
of the proposed study, and should indicate what meth 
ods will be used to collect key data. There is no need to 
provide detailed descriptions of the methods.
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