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ABSTRACT

The present study was conducted to investigate parameters which 
may relate to the predisposition of sprain injury at the ankle joint. 
Flexibility, reflex activity, and strength were the three parameters 
studied. A sample of 44 physically active male volunteers, age 17-32, 
recruited at The University of Arizona campus in June and July, 1979, 
was divided into two groups, injured and uninjured. The injured group 
was characterized by having one recurrent inversion sprain; the uninjured 
group was characterized by never having experienced an inversion sprain 
in either foot. Both ankles for all subjects in both groups were tested. 
Each subject was tested by 6 measures on equipment constructed or set up 
especially for this investigation. Data was analyzed by a two-by-two 
mixed design ANOVA and was conducted at the .0083 probability level for 
each of the six dependent variables; inversion flexibility, eversion 
flexibility, stretch reflex latency, total reaction time, eversion 
strength, and inversion-eversion strength ratio. The significance level 
for the. overall investigation was established at .05. Results indicated 
that the three parameters investigated did not differentiate between 
injured and uninjured subjects. Wide variability was observed across 
subjects, while the bilateral ankles of individuals from both groups, 
regardless of the incidence of inversion sprain, were not significantly 
different.



CHAPTER 1

INTRODUCTION

An individual's participation in daily activities of locomotion 
has made him vulnerable to the occurrence of joint injury, in particular 
the sprain, Affected most frequently is the ankle joint and more speci
fically, the lateral aspect of that joint (Garrick 1977 ; Mack 1975)...
An individual need not be a highly devoted athlete to incur injury;
involvement in any running or moving activity can invite injury to occur

*

The most prominent mechanism of this frequent time-loss injury 
is referred, to as an inversion sprain in which the ankle joint has moved 
through the sagittal plane into plantar flexion, the subtalar joint 
through the frontal plane into inversion, and the mid-tarsal joints 
(the talus and the navicular, calcaneus and cuboid) through the trans
verse plane into adduction. Cailliet (1968) refers to the combination 
of these motions as supination, a position during which the foot is 
most unstable* In this position, the foot moves about an oblique axis 
which runs from the lateral aspect of the calcaneus to the medial aspect 
of the first metatarsal head (Cailliet 1968 ; Fowler 1977 ) . When a 
force such as the weight of the body is applied to the ankle joint 
while it is in this supinated position, injury is likely to result, as 
the joint is being forced beyond its normal range of motion*

Because this injury occurs in both rigorous physical activity 
as well as the less active motor skills, the inverted plantar flexed



sprain is of interest to many individuals. While the literature refers 
to this sprain mechanism as the most common sprain injury, few studies 
have involved factors which could possibly relate joint parameters to 
the incidence of initial and recurring injury. Most studies have been 
treatment oriented regarding rehabilitation, surgery or taping tech
niques. Investigation is needed which would provide information identi
fying characteristics of injured and uninjured ankle joints. Preventive 
treatment may then be indicated for those who suffer from recurrent . 
sprains. This may benefit individuals in knowing when application of 
prevention techniques is most appropriate.

Flexibility, reflex activity, and strength are factors which may 
affect the incidence of injury to the ankle joint. Flexibility, a highly 
individual fitness component, has been a difficult trait to measure, 
especially at the subtalar joint for movements of inversion and aversion. 
According to Rasch, the determination of the optimal amount of flexibil
ity in a particular joint is a "matter for careful professional judgment 
and is not subject to standardization" (Rasch and Burke 1978, p. 30).
Yet, studies have attempted to measure degree ranges to establish that 
which is a normal range of motion for the frontal plane movements at the 
subtalar joint (Boone et al. 1978; Pasila, Visuri and Sundholm 1978; 
Lilletvedt and Kreighbaum 1978; Inman 1976). Certain investigators are 
concerned with excessive flexibility or hypermobility contending that 
it can sacrifice desired stability and support and may predispose a 
joint to injury (Bounin 1970; Brand, Black and Cox 1977; Rasch and 
Burke 1976) . Many.doctors and athletic trainers recommend that the 
examination of a possible sprain injury be based upon characteristics



of the unaffected foot. This practice would require knowledge regard
ing the relationship between the bilateral pair on specific parameters.
0'Donoghue (1970) and Wilson (1974) advise a thorough check on the 
opposite limb for comparison to the injured joint, both for diagnosis 
and rehabilitative treatment to achieve the normal range of motion.
Yet,' Rasch states that "even the two joints of a bilateral pair in the 
same individual may vary markedly., although comparison is useful in 
making surgical decisions and in evaluating the nature and extent of 
injury" (Rasch and Burke 1978, p. 31). Additional research is needed 
for clarification and definition of optimal flexibility ranges for the 
ankle joint as related to the inversion sprain injury.

Many human reflexes are considered protective 
stretch reflex, which occurs by the stimulation of muscle stretch, func
tions to cause the muscle to contract. When a joint is displaced, 
certain muscles are placed on stretch, initiating the stretch or. myota- 
tic reflex. This stretch reflex is a monosynaptic spinal reflex which 
acts in a minimal amount of time to right the displaced joint. The 
inverted plantar flexed sprain, in which the joint has been displaced 
according to the mechanism of injury, causes the muscles of the lateral 
compartment qf the leg to.be stretched. Two of these muscles are the 
peroneus. longus and the peroneus brevis. These muscles are antagonistic 
to the foot inverters and function as everters, thus their muscle 
spindles are responsible for eliciting the stretch reflex and righting 
the joint with the detection of displacement. Very few studies have 
explored the possibility of a relationship between reflex speed and 
injury.occurrence* "It may be the lack of position sense of the ankle ■



at the time of injury, and not the lack of strength and integrity of 
the muscles and ligaments, that increases the potential for twisting 
and injuring the ankle" (Cooper and Fair 1978). This position 
sense may refer to the many receptors which function at a joint in 
addition to the myotatic reflex of the muscle. Some rehabilitation 
therapy is being directed towards education of proprioceptive sensory 
systems. By measuring the reflex speed of the peroneal muscles, com
parisons could be made which would identify individuals, who may need 
proprioceptive or strength therapy, flexibility work or preventive 
taping.

Strength of the muscles in position to oppose joint displace
ment could be a factor of importance regarding injury. Rehabilitation 
programs for injuries incurred are geared toward strength training of 
affected muscle groups. Additionally, seasonal conditioning programs 
are often strength oriented for injury prevention. Yet, the foot everter 
muscles are frequently overlooked while inversion sprains predominate 
the types of injuries occurring. Many muscle groups have been tested 
to obtain strength score ranges. Clark and Clark (1978) described an 
isometric test for the foot inverters and everters, although these tests 
were not included in any of the batteries administered for which there 
were scores reported for particular age groups. There is a need to 
identify strength values for the everter muscles to determine weakness 
in a particular athlete who may benefit from therapy.

Athletes and members of the general population have experienced 
the initial discomfort of the effects of this ligamentous injury, while 
others have the additional difficulty of the recurrent ankle sprain.



Investigation of the. uninjured and injured joints may benefit these 
people, possibly by identifying predisposing characteristics to injury.
If individuals were to be screened and then classified according to 
measurable parameters, they could possibly be categorized by risk 
potential and obtain prescribed preventive treatment.

Statement of the Problem 
The purpose of this study was to investigate parameters of the 

subtalar joint which are specific to the.sprain incurred by the inver
sion plantar flexion mechanism. The first parameter was the degree 
range of motion in the frontal plane for inversion and aversion. The 
second parameter was the speed of the myotatic reflex of the ankle 
everters as they may be responsible for detecting the initial joint 
displacement and righting the joint prior to injury. The third parameter 
was. the amount of strength of the everter and inverter muscles of the 
subtalar joint.

Questions for Study 
The following questions were devised to direct the research 

process regarding the three parameters under consideration, flexibility, 
reflex activity, and strength.

Flexibility
1. Is there a difference in the degree range of motion between 

the ankles of an individual who has never experienced inversion sprain 
injury to either of his subtalar joints? '
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2. Is there a difference in the degree range of motion between 

the ankles of an individual who has experienced recurrent inversion ankle 
sprains in only one ankle?

3. Is there a difference in the range of motion between the 
non-sprained ankle of an individual who has a recurrently sprained ankle 
and the non-sprained ankle of an individual who has never experienced
an ankle sprain, the ankles being matched by laterality?

Reflex Activity
1o Is there a difference in the speeds of the stretch reflex of

the prime everter muscle between the legs of an individual who has never
experienced inversion sprain injury to either of his subtalar joints?

2• Is there a difference in the speeds of the stretch reflex of
the prime everter muscle between the legs of an individual who has
experienced recurrent inversion ankle sprains in only one ankle?

3, Is there a difference in the speeds of the stretch reflex 
of the prime everter muscle between the leg of the non-sprained ankle 
of an individual who has a recurrently sprained ankle and the leg of the 
non-sprained ankle of an individual who has never experienced an ankle 
sprain, the legs being matched by. laterality?

Strength
1. Is there a difference in strength at the ankle joint between 

ankles of an individual who has never experienced inversion sprain in
jury to either of his subtalar joints?
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2. Is there a difference in the strength at the ankle joint 

between the ankles of an individual who has experienced recurrent 
inversion sprain injury to only one ankle?

3«, Is there a difference in the strength at the ankle joint 
between non-sprained ankles of individuals who have never experienced 
inversion sprain injury and individuals who have experienced recurrent 
inversion sprain injury, the ankles being matched by laterality?

Definition of Terms <-■ -
The following terms are defined in accordance with the•inter

pretation used in this text».
Eversion —  Movement about the longitudinal axis at the subtalar 

joint which elevates the lateral border of the foot and depresses the 
medial border of the foot; movement opposite to inversion.

Inversion Movement about the longitudinal axis at the sub
talar joint which elevates the medial border of the foot and depresses 
the lateral border of the foot; movement opposite to aversion.

Recurrent — » Referring to an event, i.e. the sprain, which occurs 
repeatedly.

Reflex —  "An environmental change of some specific type initiates 
messages which are sent by sense organs to the central nervous system 
and which are then used in the formulation of other, out-going messages 
to effector organs, such as the skeletal muscles, and these then, in 
turn, produce some recognizable pattern of response" (Roberts 1978,
p. 106).



Sprain —  Injury in which ligamentous fibers are torn, the severity 
being dependent on the extent to which the ligamentous fibers are torn 
or avulsed.

Stretch reflex —  (myotatic reflex) Reflex which is stimulated by a 
pull or lengthening of a muscle, to which the response is contraction 
of that muscleo

Stretch reflex latency —  Length of time in milliseconds from joint 
displacement until the onset of the earliest EMG.stretch response.

Subtalar joint Formed by the articulation of the calcaneus with 
the talus bone? movements of inversion and eversion take place at this 
joint.

Supination —  Movement permitted at the subtalar and talocalcaneo
navicular joints which is a combination of inversion and adduction 
whereby the fore part of the foot moves in a medial direction (Kendall, 
Kendall and Wadsworth 1971)..

Talar-tilt —  The degree to which the talus rotates within the 
mortise when subjected to a lateral stress to the foot.

Total reaction time ■—  Length of time in milliseconds from the joint 
displacement to the initiation of voluntary movement..

Transtarsal joint —  (mid-tarsal joint) Joints formed by the arti
culation of the talus with the navicular bone and the calcaneus with 
the cuboid bone.



Delimitations
The following delimitations define the scope of this study:
I- 44 male volunteers, aged 17-32, recruited at The University 

of Arizona campus, Tucson, Arizona June and July, 1979;
2. two defined groups (a) uninjured, (b) injured, i.e. recur

rent inversion sprain in only one foot;
3. specially constructed equipment for measures of flexibility 

by inversion and aversion, reflex activity by stretch reflex latency 
and total reaction time, strength by.gross aversion and inversion-
eversion ratio;

4. the same verbal commands given to each subject at each 
testing session throughout the testing of. the investigation; and

5. random, selection, by coin toss, of foot to be tested first 
for each of the three parameters.

Limitations
Heterogeneity of groups was carefully controlled via the 

questionnaire (Appendix A), yet certain variables were not able to be 
controlled. . They are.identified.as.follows:

1. severity in degree of the initial ankle sprain;
2. severity in degree of recurrent sprains;
3. rehabilitation of the initial sprain in type and duration;
4. rehabilitation of recurrent sprains in type and duration;
5. time-loss from activity due to any sprain injury;
6. height or leg length of each subject;
7.. weight of each subject and weight of each subject's foot;
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8. particular activity area participated in per subject;
9. fatigue of the subject across trials; and

10. fatigue of the tester in application of manual resistance 
across trials.

Probable Value of the Study
It is possible that results from this study will identify ranges 

for flexibility, reflex activity and strength, which may predispose a 
joint to inversion sprain injury. Ultimately, this.would enable athletic 
personnel, i.e. trainers, coaches, physical education teachers and per
haps members of the medical profession, to characterize an athlete's 
joint in reference to susceptibility to sprain injury. This may lead to 
the practice of preventive techniques being applied as required indivi
dually by athletic participants. Perhaps, according to these specula
tions., there could, be significant reduction in the frequency of the 
occurrence of the inversion sprain.



CHAPTER 2

REVIEW OF THE LITERATURE

The literature relating to the objectives of this study is pre
sented in four sections. The first section reviews material specific to 
the structure of the ankle joint and its involvement in the inverted 
plantar flexed sprain injury. The following three sections correspond 
to the three parameters investigated, flexibility, reflex activity, and 
strength. Much of the literature was not well directed to the contents 
of this study, thus it was necessary to utilize associated material for 
application to the subtalar joint and to the inversion sprain in regards 
to the three characteristics studied.

Anatomical Structures and Injury Involvement .
Many medical authorities concur that the inversion mechanism 

occurs most easily due to the anatomical construction of the bones 
articulating at the joint (Mack 1975; Percy, Hill and Callaghan 1969). 
The wedge shape of the talus, the bone which articulates with the distal 
surfaces of the fibula and tibia, contributes to the ease with which the 
foot is inverted while in the plantar flexed position. The posterior 
portion, of the talus is more narrow than the anterior part and artic
ulates with the distal surfaces of the fibula and tibia when the foot 
is plantar flexed. This allows for extra space for movement than when 
the foot is dorsiflexed and the talus fits tightly between the malleoli 
(Inman 1976). Thus, the talus is able to tilt laterally within the
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mortise more in the plantar flexed position of the foot than in the 
dorsiflexed position. In regards to this lateral movement, the foot 
is structurally restricted from movement into an everted position since 
the lateral malleolus of the fibula extends more distally than the 
medial malleolus of the tibia and blocks the outward motion. The ana
tomical position of the medial malleolus in relation to the sub-talar 
joint facilitates motion into the inverted position (Mack 1975;
Garrick. 1977) . Thus, the foot when plantar flexed is unstable and also ... 
easily moves into- the inverted position. It is relatively clear that 
the construction of the foot and ankle contributes to the high frequency 
of injury when the foot is forced past its range of motion in this 
easily attained position.

Diagnostically this common inversion sprain is identified by the 
ligamentous injury that results from the joint being forced into extreme 
inversion past the limitation of the binding ligaments located on the 
lateral aspect of the ankle joint. When the foot is plantar flexed at 
the time of the occurrence of an inversion sprain, the ligament most 
readily affected is the anterior talofibular ligament since it is already 
taut in any degree of plantar flexion of.the foot (Knight 1979). With 
the severity of the sprain, additional ligamentous involvement results, 
especially if the anterior talo-fibular ligament has lost its integrity 
by partial or complete rupture. The second ligament to be affected is 
the calcaneofibular ligament which becomes taut with a strong supinated 
movement of the calcaneus. The posterior talofibular ligament is the 
strongest qf the three lateral ligaments and is usually torn only in the 
most severe ankle sprains (Mack 1975),
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It is clear from the presented literature that the structure 

of the ankle joint and the subtalar joint appears to contribute to the 
high incidence of sprain by the inversion plantar flexed mechanism.

Flexibility
Flexibility is an important component in the consideration of 

injury to the foot and ankle joints, While the range of motion at any
joint is limited by the anatomical structures of that joint, an external
force can cause the joint to move beyond its defined range of motion, 
injuring the specific anatomical structures, Resultantly, a sprain 
injury most frequently occurs (Garrick et al, 1975), Thus, it would be 
of benefit for diagnostic and rehabilitative purposes to determine the 
normal range of joint motion which when surpassed may result in the most
common sprain injury, the inverted plantar flexed sprain.

Investigators have varied in their attempts to define and 
establish ranges of motion for the normal, injured,.or chronically 
unstable ankle for the motions of inversion and aversion, supination 
and pronation. According to certain investigators (Kamozut 1961; 
Cailliet 1968; Hoppenfeld 1976), the motion of supination is composed 
of the inversion and adduction movements in the frontal and transverse 
planes, respectively. Kendall, Kendall and Wadsworth (1971) contended 
that it is inversion which is the combination of supination and adduc
tion. These discrepancies.lead to confusion in attempts to measure and 
report range of motion scores. The measurement procedures to determine 
the degree range of inversion at the subtalar joint have differed
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considerably. Some studies cited have omitted methods of evaluation but 
have reported degree ranges for the motions of inversion or supination.

Cailliet (1968) reported a range of 20° to either side of the 
midline of the foot for movement in the frontal plane. Although the 
method of measurement was not identified, position of the foot in dorsi- 
flexion for fixation of the talus was described, as well as manual move
ment of the calcaneus through the range of motion. Procedures described 
by Inman (1976) included measurements for inversion and aversion of both 
cadavers and normal subjects. For the cadavers measured, a mean for 
total range of motion at the subtalar joint of 24°± 11° was reported 
with a range from 4°- 55°. These data reveal excessive variability 
between subjects. No significant difference was found between the right 
and left feet of the cadavers as they were measured by passive manipula
tion. Inman1s procedure for measuring the normal subjects required the 
use of a spherical goniometer which he utilized in two different loca
tions, the dorsum of the foot and the heel, for separate measurements 
for comparative purposes. While no distinction was made between inver
sion and eversion ranges, totals reported were 36° ± 8° with a range 
from 20(D - 50° (dorsum of the foot) and 44° ± 7°, range of 24° - 65° 
(measured from the heel). Based on the presented data,Inman concluded 
that wide individual variations occur within the population.

Several other investigators have reported scores of degree 
ranges for subtalar joint flexibility. Boone et al. (1978) in efforts 
to determine reliability using a goniometer described foot position 
and goniometer attachment. Scores were variable between testers and 
were reported by ranges as follows: tester 1, 38.7 - 35.6; tester 2,



36.4 - 33.2; tester 3, 37.2 - 36»0; tester 4, 32.5 - 31.2. These scores 
represent the degree ranges for inversion of the foot only. A gonio
meter was also utilized by Pasila, Visuri and Sundholm (1978) for inver
sion and aversion flexibility measurements in a study using a sample of 
injured but non-rehabilitated men and women outpatients. The reported 
means for this sample was.20.1° for foot inversion and 17.2° for foot 
aversion; the position of the foot in which the measurement was taken 
was not described. Lilletvedt and Kreighbaum (1978) measured inversion, 
and aversion at the subtalar joint by a manual biometer from the . 
Phillips Podiatry Center in Montana. Again, the initial position of the 
foot was not discussed; mean degree scores were 16.61° for inversion, 
13.83° for eversion.

Inversion and adduction are movements of the foot which are very 
rarely separated (Hoppenfeld 1976). Yet, in quantitatively describing 
range of motion, Hoppenfeld reported inversion of 5° and adduction of 
20°, eversion of 5°, abduction of 10°. It should be noted that 
Hoppenfeld-s procedures of stabilization and,manipulation were described, 
although the method of obtaining the degree scores was omitted* , A 
unique study and measurement procedure was done by Kamozut (1961) in 
which the achilles tendon displacement was measured in degrees from the 
vertical when the lower leg was displaced, foot stabilized on the floor. 
The following summarizes the results from the study:



Non-injured ankles —  Supination
Left foot
11.54o

Pronation 10.00o 9.82o

Injured ankles —  Supination 10.46o 10.28°
Pronation 8.54 8.30p

Conclusions indicated the need for further research with considerably 
larger samples. Although he didn't report degree ranges, Sammarco 
stated that "the total range of motion tends to decrease if. the subject 
had previously suffered injury to the ankle" (Sammarco 1975, p. 97).

investigators, to identify laxity in the ankle joint. Scores reported 
were less variable than range of motion scores, perhaps due to more 
consistency in measurement techniques as the stress roentgenogram was 
the most frequent method employed. Normal talar tilt was reported by 
some to be between 0-5 degrees (MacCarter 1977; Henning and Egge 1977). 
Many concurred that an unstable or hypermobile ankle was indicated by 
a tilt of seven degrees or more (Mack 1975; Henning and Egge 1977;
Zeno 1964), but Brand, Black and Cox (1977) contended that 10 degrees 
or greater was significant.: Mack (1975) stated that an anterior talo
fibular ligament rupture was indicated by a tilt greater than seven 
degrees; Black (1977) reported a 10 degree tilt with a rupture of the 
anterior talofibular ligament, and 20 degrees with the addition of the 
calcaneofibular ligament. Even as these data were within a particular 
range, Percy, Hill and Callaghan (1969) reported in a. study, results 
of which displayed a wide variability of normal talar tilt in children; 
the range was 0-27 degrees. Brand, Black and Cox's (1977) study

Talar tilt has been used by many, i.e. medical professionals.
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differentiated between genetic hypermobile ankles and post-traumatic 
ankles, both having a high degree of talar tilt7 by comparing each 
subject's degree of tilt in each foot. Talar tilt difference between 
ankles of the same subject of five degrees or less identified hyper
mobile ankles, whereas a larger difference indicated a post-traumatic 
tilt. Another study relating talar tilt to injury (Zeno 1964) attempted 
to categorize injured subjects by a 9-10 degree talar tilt. Although 
the sample size was not large enough to obtain statistical significance, 
a definite trend was exhibited; the lowest percentage of sprain.injuries 
occurred in the group with 4-5 degrees of talar tilt, the highest per
centage of injuries in the 9-10 degree group.

Black (1977) cautioned that all testing and follow-up examina
tions for talar tilt as measured using roentgenography and arthrography 
be done with identical positioning since the talar tilt was influenced 
by foot position.

It was evident that the range of motion at the subtalar joint 
was difficult to measure regarding method and consistency.' Further 
studies were indicated, possibly to correlate talar tilt with motion of 
the foot for normal and injured subjects. Certainly the variability 
among individuals was supported through these studies, but more research 
relating to injury potential was indicated.

Reflex Activity
Research regarding the functioning of the stretch reflex dates 

back to the early work of Sherrington, Liddell, Denny-Brown, Eccles, and 
Creed (Creed et al. 1932). They described.studies on the reflex actions
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in decerebrate animals with isolated spinal cord preparations and 
reported suppositions based on observations and myogram data. Most 
research involved the knee jerk produced by quadriceps stretch, the 
speed of which indicated the directness of the neural pathway of the 
reflex to the spinal cord and back (Creed et al. 1932). Another 
observation, based on the intensity of the pull on the muscle, was that 
there was an increase in the activity of the stretch receptors and a 
corresponding •increase in the inuscle fiber response, supporting the 
theory of recruitment of motoneurons (Creed et al. 1932) * Many theo
retical and technical advances have transpired in the study of the 
stretch reflex in the past 25 years (O'Connell and Gardner 1963).
Poppele (1973) and Houk, Harris and Kazan (1973) have concluded that 
muscle spindle activity is non-linear, perhaps due to the many systems 
involved and that recruitment.is not a proportional correspondence 
between muscle stretch tension and the firing frequency of the sensory' 
receptors in the spindle. It was the work of Denny-Brown that estab
lished the relationship between the alpha and gamma motoneurons indenti- 
fying the function of each and stating that "for effective performance 
each system of innervation required the cooperation of the other" 
(Langworthy 1970, p. 60). The alpha-gamma linkage (Granit 1970) has 
been studied in much greater depth while additional theories, i.e. servo
mechanism, trans-cortical loop, have been proposed for the activity of 
the reflex system (Gottlieb and Agarwal 1979).

The concept of the stretch reflex has been incorporated with 
postural mechanisms, static posture initially, then additionally with.
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dynamic posture or locomotion. In reference to the antigravity quadri
ceps muscles, Roberts states that "the attempt to stretch the muscle 
thus reflexly produces an increased resistance to extension, and an 
equilibrium position may be achieved where the action of gravity, pulling 
the body down against the support under.the foot, stretches the quadri
ceps muscle to the precise degree heeded to generate in it enough force 
to support the body" (Roberts 1978, p. 107). In this respect, the 
stretch reflex acted as a stabilizer» Regarding motor control, Rasch and 
Burke contended that as an "agonist goes into the final range of contrac
tion, it begins to cause proprioceptive stimulation through stretch 
reflexes of the antagonist muscle" (Rasch and Burke 1978, p. 63). This 
finding exhibited the protective function which related to possible 
restrictions in flexibility. Langworthy stated that "proprioceptive 
stimuli are particularly important as the basis for stretch reflexes and 
the ability of muscles to function" (Langworthy 1970, p. 3)„ Rack 
speculated from data results relating to force output of the reflex 
activity during elbow flexion, that "the stretch reflex may thus play a 
part in the early response to an unexpected disturbance by providing 
sufficient resistance to limit the displacement until such time as it 
takes for the nervous system to react more completely by using more 
complex longer pathways" (Rack 1973, p. 254) .

Concepts regarding the stretch reflex have been applied to vari
ous studies which involved the function of the reflex. Studies involv
ing joint displacement and the stretch reflex response were done on the
• ankle joint for motions of plantar flexion and dorsiflexion (Melville



Jones and Watts 1971; Freedman, Minassian and Herman 1976; Nashner 1973; 
Gurfinkel et al. 1976; Gottlieb•and Agarwal 1979)» Melville Jones and 
Watts applied previous research of the stretch reflex response patterns 
in the arm to investigate reflexes in the.foot. Their data was based on 
recorded activity of the gastrocnemius muscle while the foot was situated 
in an apparatus which provided for sudden dorsiflexion with an elastic 
pull and recorded force application.due to the movement change, The 
reflex latency reported had a mean of 120 msec. This reflex they re
ferred to as the "functional stretch reflex” (Melville Jones and Watts 
1971, p, 715). These investigations differentiated between three dis
tinct. responses, i.e, the monosynaptic response to achilles tendon tap 
(mean - 37 msec), the functional stretch reflex which evoked a force 
response, and voluntary response of the muscle. Melville Jones and 
Watts concluded that the monosynaptic motatic reflex did not provide any 
effect, the functional stretch reflex being of major importance. . This, 
functional stretch reflex has been investigated more thoroughly by 
Freedman, Minassian and Herman (1976) to relate this, reflex response to 
voluntary motor behavior. The myotatic reflex latency of 25-40 msec for 
the triceps surae was considered to be the monosynaptic reflex, while 
the functional stretch reflex was exhibited when there was an initial 
level of motor activity. The subject was instructed to voluntarily 
oppose the displacement which was caused by unexpected tilting of a 
platform on which the subject was supported. The functional stretch 
reflex latency period ranged from 120-140 msec, causing the authors to 
suggest that this response was a cortical event rather than spinal.



The short latency electromyographic response tended to occur with more 
rapid displacement of the joint when'the.subject.was in a balanced stand
ing position. This standing posture was affected by the anterior- 
posterior sway about the ankle joint. Other investigators haver there
fore, pursued study of the mechanisms controlling and influencing this 
joint. Although his experiments related to vestibular control; Nashner1s 
study indicated that "both types of control, reflexive and central pro
grams, were used in motor control" (Nashner 1973, p. 306) and that in 
locomotion, the central control had more influence, whereas reflexes 
were more involved in posture regulation„ The results of Gurfinkel et 
al. (1976) from a study of the stretch reflex of the triceps surae as it 
reponded to tilt displacement, supported the contention that the stretch 
reflex system did not operate singly in the maintenance of posture.
Recent investigation by Gottlieb and Agarwal (1979) culminated many of 
the suppositions and supported many of the findings concerning the pos
tural reflexes, i.e. the non-linearity of reflex response to muscle 
lengthening, the short versus the long latency loop, the servo-mechanism 
opposed to the influence of cortical structures. Also, verbal instruc
tion effects on spinal sensitivity and a breakdown of the EMG myptatic 
response were investigated.. Support through experimentation with the 
gastrocnemius and the soleus muscles was provided for non-linearity 
whereby the myotatic response diminished with rapid movement, and in
creased with slow, controlled stretch as in static posture regulation,
In reference to the short.and long latency loops, these investigators 
identified the two types of reflex.response in support of Melville Jones
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and Watts. Their conclusions differ, though, in describing the type of 
movement which elicits the myotatic response, thus indicating the need for 
further research.

The functioning of the stretch reflex has been applied in many 
different areas. There have been clinical applications to cerebral palsy 
(Harris 1978) , to upper motor neuron syndrome '(Sahrmann and Norton 1978) , 
effects on the aging process (Larsson 1978), effects on strength gains 
(Morris 1974), cross transfer (Spirduso and Duncan 1976), and facilitory 
influences of the excitability.of.the reflexes (Delwaide ef al. 1976). 
Perhaps, the functioning of the myotatic reflex can be related to preven
tion of injuries caused by joint displacement.

Strength
Very little information was available regarding the gross 

strength of the inverter and everter muscle groups which.function at 
the subtalar joint. While Clark and Clark (1978) devised.measurement 
procedures for strength of the muscles which evert and invert the foot, 
there was no data reported indicating viable ranges of strength capa
bilities. Objectivity coefficients for testing of the inverters and 
everters were better than .90 when performed by experienced testers.
Klein (1971) referred to the relationship.between the inverters and 
everters as a problem and that the everters were the stronger of the 
two groups, but that the everters are unavailable when it is necessary 
to prevent a strong inversion motion. No.supporting evidence was 
reported. The recommendation was made for special conditioning for the 
everters to reduce injury potential.
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The only data found to be reported were measurements for adduc

tion of the foot (Pasila, Visuri and Sundholm 1978). Although these 
motions were not defined, the method of measurement was described; a 
dynamometer was utilized with a strap which surrounded the fore foot.
Mean scores for men and women outpatients were 12.59 pounds and 12.14 
pounds for abduction and adduction, respectively.

Although values did not appear to be available, trainers recom
mend strength rehabilitation after sprain injury. Therapy advocated 
by Shelton and Logan (Wilson 1974) utilized an apparatus to which 
resistive weights can be applied. The load was established by muscle 
tolerance and increased progressively with strength gain. The resistance 
was kept at the maximum which can be lifted consecutively for 10 repe
titions. Perhaps conditioning of.the everters would.aid in prevention 
of inversion sprains, but more study in this area of strength and 
strength balance between these antagonists is necessary.

Summary
The three parameters of flexibility, reflex activity, and 

strength may be influential .to the incidence of sprain injuries * Normal 
values may identify characteristics of individuals prone to sprain,
More, research is definitely indicated to link these parameters to 
sprain injury.



CHAPTER 3

PROCEDURES

Design, procedures, equipment description, and treatment, of 
data are detailed in this chapter. The procedures are described for 
each test administered according to the order in which each subject 
was measured.

Sampling and Design 
The study sample consisted of 44. college-age males, 17-32, 

recruited at The University of Arizona campus, Tucson, Arizona, in June 
and July of 1979. Subjects were volunteers who were informed of the 
study by recruitment signs, class announcements, and personal communica
tions with the investigator. Subjects were placed in two groups accord
ing to the responses on a questionnaire (Appendix A) which each.subject 
consented to complete along with a questionnaire consent form (Appendix 
B). Group I was composed of 22 subjects who had experienced recurrent 
sprain injury of the inversion mechanism to only one ankle and had par
ticipated regularly in a minimum of five hours of vigorous activity per 
week. Group II was composed of 22 subjects who had never experienced a 
sprain injury to either ankle and had also participated in a minimum of 
five hours of vigorous activity per week. Each subject signed an in
formed, witnessed consent form (Appendix C ) prior to participation in 
the study. Each subject was tested individually? the testing session

. 24
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ranged from approximately 50 to 90 minutes. Two measurements were 
taken on each of the three parameters of flexibility, reflex activity 
and strength at the subtalar and ankle joints.

Construction of Flexibility Apparatus 
The apparatus was constructed to measure the range of motion of 

inversion and aversion at the subtalar joint. Since this motion occurs 
around an oblique axis of 16 degrees, projecting from the lateral aspect 
of the calcaneus to the medial side of the first metatarsal head 
(Cailliet 1968), it was necessary to utilize a plywood board constructed 
to rotate around this defined oblique axis. Three metal braces were 
afixed by steel brackets to a plywood base; one brace stabilized cen
trally at one end of the base, the other two braces were each attached 
16 degrees to either side of the central brack. These provided the 
fulcrum support about which the board, its axis extended by projected 
wood screws, would rotate. A plastic transparent-protractor was , 
attached to the plywood plane with its axis point adjacent to the screw 
around which the foot-board would rotate. The measurement was taken 
with respect to the brace supporting the screw. The plywood board was 
positioned in a downward angle of approximately 20 degrees, representing 
relaxed non-supported plantar flexion as measured in six college-age 
male students. Due to this position of support, it was necessary to 
read the measurement from the protractor at an angle directed upward 
and toward the plywood board (Figure 1).



26

Figure 1. Flexibility Apparatus
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Procedures for Flexibility Measurements 

The subject was asked to be seated and to remove his shoes and 
socks• The flexibility apparatus was placed directly under the foot, 
the leg in a position perpendicular to the floor. The right or left 
foot was used based on a coin toss to assure randomization of laterality. 
The rotating board was situated to accommodate the length of the sub
ject 1 s leg at an angle of approximately 20 degrees for foot plantar 
flexion. The thigh ipsilateral to the foot being tested was strapped, 
securely to the chair, the subject's ipsilateral hand grasping the 
chair's edge adjacent to the lateral aspect of the knee joint to limit 
rotation at the hip joint (Figure 2). The subject's foot was placed 
upon the board so that the axis of rotation intersected the lateral 
aspect of the calcaneus and the distal end of the second metatarsal 
(Figure 3). The subject was instructed to keep the bottom of the foot 
in contact with the surface of the board throughtout a complete trial.
A line level attached to the proximal end of the plywood board was used 
to determine that the board was horizontal prior to the initial reading 
taken on the protractor at the distal end of the board. The investi
gator manually applied support to the distal end of the fibula to prevent 
rotation movement of the lower leg as the subject was. asked to push the 
outer edge of the board down with his foot into inversion. Verbal 
encouragement to reach the greatest degree was provided by the tester.
The subject was asked to hold the position momentarily once he had 
reached his greatest range of motion while the investigator identified 
and recorded the degree change for inversion. Five practice trials for 
inversion and for aversion were required to assure that the subject was
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Foot Position for 
Flexibility Meas
urements (right)
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familiar with the motions. Five test trials were recorded. Instructions 
and procedures were similar for aversion using the same foot first tested 
except that the subject was asked to depress the board on the inside edge 
while the investigator supplied support to the distal end of the tibia. 
Four additional trials were recorded. Measurements were taken in the 
same manner for the opposite foot, the apparatus being re-situated, the 
opposite thigh being strapped securely.

The five practice trials taken for each motion, ■ inversion and 
aversion, were necessary as indicated by the trend towards higher scores 
exhibited in the pilot study for aversion. On day to day mean scores, 
five trials were then scored for inversion, five trials for aversion.
Based on a two-way ANOVA of repeated measures for trial to trial dif
ferences, the mean of five trials was determined as the most representa
tive score for the test (Appendix D) . Validity of this testing was 
based upon the definition of the construction of the equipment.

Procedures for Reflex Activity Measurements

The second measurment procedure was adapted from testing done on 
the middle deltoid muscle (Duncan, Wyrick and Miller 1974; Wyrick and 
Duncan 1974; Duncan 1975; Spirduso and•Buncan (197G) whereby the 
reflex response was recorded by electromyography; muscle activity was the < 
result of joint displacement from release of an electromagnet (Appen
dix E) .

For this investigation, the subject was asked to lie on his side 
on the plinth, his free leg supported upon a firm cushion. The side of 
his body on the plinth was determined randomly by a coin toss. The



tester applied manual resistance to the lateral aspect of the foot, 
asking the subject to push up against the resistance, enabling the 
peroneus longus to be palpated by the tester. While the subject 
relaxed, the procedure of locating the motor point using the Grass 
Instruments Muscle Stimulator was explained. The ground was placed 
distally on the medial aspect of the leg, the stimulator held in the 
area of the peroneus longus motor point. The Grass Instruments Muscle 
Stimulator was set at 7 pps frequency, 9 ms duration, and 4 volts»
As the voltage was increased gradually, the subject responed verbally 
to the sensation of the stimulator to identify the area of greatest 
sensitivity and intensity. The voltage was increased high enough to 
obtain a palpable pulsating contraction. The motor point was marked by 
a steel washer indentation in the skin superficial to the motor point.
The same procedure was used to locate the motor point of the peroneus 
brevis. The subject then turned on his opposite side, the contralateral 
leg/raised upon the cushion. The previously reviewed method for locating, 
the most.active.motor point of the peroneal muscles was followed, the 
washer imprint made on the leg superficial to the motor points for the 
peroneus longus and brevis. As the subject turned again to the first 
side, the contralateral leg placed upon the cushion, his skin over the 
motor points was prepared for electrode placement. Dead skin was brushed 
off the areas with an abrasive pad, and the area of skin distal to each 
motor point was prepared for placement of a ground electrode. Elec
trodes, their leads previously plugged into the Gilson Polygraph, were 
then secured to the motor points as indicated by the imprints. The 
Gilson Polygraph, previously calibrated, was turned to Operate and
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from Calibrate to Direct to check for electrical signals indicating
muscle activity. The subject was asked to contract against resistance
everting the foot while the tester noted the recordings of the Gilson
Polygraph to confirm electrode placement. Ah elasticized band with
a 2" x 1/2" steel plate was slid onto the foot, the steel plate placed
laterally to the fifth metatarsal head. Instructions were, described to
the subject as follows:

The electromagnet will be holding your foot up; you are to relax 
completely, eyes closed, concentrating on what you feel in your 
foot. I will release your foot by a switch from the magnet, and 
as you feel your foot drop, lift it up as fast as you can.

The magnet was then activated, the tester placing the foot in position
for the magnet to contact the steel plate (Figures 4 and 5). The
Gilson Polygraph was turned to a paper speed of 100 millimeters per .
second, and the instructions, "eyes closed; relax; when it drops, lift
it up," were repeated. The foot was then released, the reflexes and
contractions thus recorded. The paper speed was then alternated
between 50 msec and 100 msec across trials.

The electrodes were removed, cleaned, and placed on the opposite 
•peroneus longu's and brevis motor points by the same method previously 
described, the subject positioned in the same manner as before, on his 
side, contralateral leg supported. The elasticized band was placed on 
the foot, the magnet activated and released at variable time intervals 
for recording of the reflexes and muscle activity. Time intervals, 
ranged from approximately three to nine seconds.
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Ten trials were taken on each foot. A two-way analysis.of 

variance conducted on pilot data from nine subjects revealed significant 
differences between trials on the reflex latency so that'more than the 
five trials were necessary for the formal testing procedures. Additional 
trials to the originally intended ten were administered as necessary in 
order to obtain legible electromyograms (Figure 6). The Gilson Poly
graph recording of muscle activity was scored by measurement of time 
from the polygraph paper on which a millimeter block represents 10 msec, 
the paper speed being 100 millimeters per second and 20 msec z the paper 
speed being 50 millimeters per second. Between the two muscles for 
which activity was recorded, the response time of the muscle which 

v elicited the shortest stretch reflex latency for each trial was used in 
calculating the mean. The mean for all trials exhibiting the myotatic 
reflex was used in the final data analysis. A paired t test conducted 
on pilot data (Appendix D ) disclosed no significant differences between 
measures taken.on consecutive days for both the. reflex latency and 
total reaction time.

Procedures for Strength Measurements 

Measurements for strength were obtained by the use of the cable 
tensiometer (Clark and Clark 1978). The subject was asked to lie supine 
on the mat on the floor, parallel to the plane to which the cable was 
attached. His arms were folded across his chest, one leg bent with its 
foot flat on the floor. The tested leg, as determined by a coin toss, 
was fully extended, and the ankle dorsiflexed to 90 degrees. The strap 
was placed to encircle the ball of the foot and tightened securely. The
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tester checked the right angles of the cable to the attachement, of the 
leg to the cable, and of the foot to the leg. The tensiometer was 
attached to the cable, the cable pulled taut (Figure 7). As the subject 
was instructed to pull (evert) with his greatest force against the 
strap and away from the cable's attachment, the tester applied manual 
resistance to immobilize the leg (Figure 8). The tester's hand was 
placed on the proximal shaft of the tibia, applying force directly down
ward,. the tester's other hand in a fist fixed adjacently just proximal 
to the malleolus opposite to the pull of the cable. Verbal encourage
ment was provided by the tester on each of the five trials.

The other leg was then extended to test its inversion strength. 
The opposite knee was flexed,, arms folded across the chest. The cable 
strap was placed around the ball of the subject's foot of the extended 
leg. Angles were checked as previously described for eversion, and 
resistance applied by the tester to the tibia shaft with one hand and 
proximately to the malleolus with the other fist. The subject was per
mitted a rest interval between each of the five trials.

The subject moved to a second mat, positioned himself supine, 
arms folded, one knee flexed and the other leg extended. The foot was 
tested for inversion strength by the previously described procedures, 
then the other foot was tested for eversion.

The.subject was instructed to give maximal effort on each of 
five trials for strength measurement of the inverter and everter muscle 
groups of each foot. Based cm the.pilot study (AppendixD), analysis 
conducted to determine trial to trial differences indicated that the 
mean of the best three trials was the most representative score for



Figure 7. Subject Position for Strength Measurement

Figure 8. Cable Tensiometer Placement, Leg Stabilize' 
tion for Strength Measurement
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each strength test and, thus, was utilized for data analysis. The mean 
score of each subject obtained from the tests administered on two conse
cutive days remained statistically equal, indicating consistency of the 
test procedure. The Cable Tensiometer was calibrated prior to the test
ing. The results of the calibration are located in Appendix F.

Treatment of the Data 
The data collected according to the procedures cited were treated 

by a two-by-two mixed design univariate analysis of variance. The two 
independent variables were (1) independent groups, Group I composed of 
subjects having one recurrent ankle sprain and Group II composed of sub
jects never having had a sprained ankle, and (2) repeated measures of 
each subject, one on each of his ankles. Each of the six dependent 
variables were analyzed using this design. The significance level was 
established at .05 for the experiment. The alpha level was held at 
.05 experiment-wise by following Whitney*s (1971) recommendation which 
was to divide the desired alpha level by the number of analyses being 
conducted. In this experiment, the number of analyses to be conducted 
was six, one for each of the test measurements taken. Thus, the signi
ficance level at which.each analysis was conducted was .0083. In order 
for any one of the analyses to indicate a difference, the resulting 
probability level would necessarily have to be less than .0083. AN0VA 
tables are presented for each of the analyses conducted. Data is 
displayed graphically for purposes of description. Cell means, ranges, 
and standard deviations are reported for each of the unique combinations 
of ankle and group for each of the six dependent variables.



CHAPTER 4

PRESENTATION OF DATA

This chapter exhibits the data results of the experiment in 
descriptive, charted, and graphic form. Each of the six dependent 
variables is presented according to the questions of study with which 
it is associated.

Flexibility
1, Is there a difference in the degree range of motion between,

the ankles of an individual who has never experienced inversion sprain
injury to either of his subtalar joints?

Based on the analyses conducted on data measuring the degree 
range for foot inversion (Table I) and foot aversion (Table III) , there 
was no significant difference in flexibility ranges"between the two 
ankles of an individual who has never experienced sprain injury. The 
mean scores for inversion of 37.87 and 37,19 degrees for each foot were 
not significantly different (Table II)? similarly, there was no signi
ficant difference between the means of 20.40 and 19.59 degrees for foot 
aversion (Table IV). Figures 9 and 10 display the overlap of the 
descriptive statistics, comparing columns 3 and 4.

2. Is there a difference in the degree range of motion between
the ankles of an individual who has experienced recurrent inversion 
ankle sprains in only one ankle?

38
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Table I. Two-by-Two Mixed Design Analysis of Variance for Inversion 

Flexibility •

Source of Variance df SS MS . . . F . . P

Groups 1 12.6768 12.6768 .120 .7305
Error (G) 42 4435.7418 105.6129
Trials 1 1.3750 1.3750 .084 .7704
Groups by Trials 1 19.1023 19.1023 1.167 .2861
Error (T) 42 687.4224 16.3672
Total 87 5156.3160 59.2680

significant when P <,0083

Table II. Mean Table for Inversion Flexibility (degrees)

GROUP I GROUP II
Sprained
Ankle

Non-Sprained
Ankle

Non-Sprained 
Ankle *

Non-Sprained 
Ankle **

Mean 36.18 37.36 37.87 37.19
SD 9.65 8.67 6.32 5.98
Range 19.0-61.2 25.2-50.6 26.6-51.2 26.0-50.2

^Matched by Laterality with the Sprained Ankle of Group I
**Matched by Laterality with the Non-Sprained Ankle of Group I
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Table XII- Two-by-Two Mixed Design Analysis of Variance for Eversion 

Flexibility

Source of Variance df ss . , ; MS. . . . F P

Groups 1 18.3641 18.3641 .201 . 6604
Error (G) 42 3835.2846 91.3163
Trials 1 .0368 .0368 .003 .9576
Groups by Trials 1 12.9823 12.9823 .959 .6655
Error (T) 42 ■ 568.8018 13.5429 ,
Total 87 4435.4688 50.9824

significant when P <.0083

Table iv. Mean Table for Eversion Flexibility (degrees)

GROUP I GROUP II
Sprained
Ankle

Non-Sprained
Ankle

‘ Non-Sprained 
Ankle *

Non-Sprained 
Ankle **

Mean 18.72 19.44 20.40 19.59
SD 6.74 7.53 8.24 .6.80

Range 7.8-31.2 GOOCO1oin 7.0-35.0 7.4-30.2

^Matched by Laterality with the Sprained Ankle of Group I
**Matched by Laterality with the Non-Sprained Ankle of Group I
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There was no significant difference in the range of motion 

between the recurrently sprained ankle and the non-sprained ankle of 
an individualo The analyses conducted by the two-by-two mixed design 
for inversion (Table I) and aversion (Table III) flexibility revealed 
this lack of difference. The means were statistically the same, 36.18 
and 37.36 degrees for inversion (Figure 9, columns 1 and 2), 18.72 and 
19.44 degrees for aversion (Figure 10, columns 1 and 2).

3. Is there a difference in the range of motion between the 
non-sprained ankle of an individual who has a recurrently sprained ankle 
and.the non-sprained ankle of an individual who has never experienced an 
ankle sprain, the ankles being matched by laterality?

No significant difference in range of motion was observed 
between the non-sprained ankles, matched by laterality, of individuals 
with recurrent sprains, in one foot and individuals never having had a 
sprain. According to the analyses conducted, the two-by-two design, 
no difference could be supported by the data in the flexibility compo
nents for inversion or eversion (Tables I and III). The means as indi
cated for inversion, 37.36 and 37.19 degrees, and for eversion, 19.44 
and 19.59 degrees, indicate no statistical differences (Tables II and
IV). The graphic displays of Figures 8 and 9 reveal these similarities 
by comparison of columns 2 and 4. Individual scores for all flexibility 
measurements are located in Appendix G.



Reflex Activity
1• Is there a difference in the speeds of the stretch reflex of 

the prime everter muscle between the legs of an individual who has never 
experienced inversion sprain injury to either of his subtalar joints?

According to the data used for the analyses conducted on reflex 
speed, there was no significant difference between the reflex latencies 
in legs of an individual who has never experienced sprain injury (Table
V), Additionally, no significant difference was observed in the total 
reaction time for the prime everter muscle between the legs of the 
uninjured subjects (Table VII) . Tables VI and VII present the mean 
scores of the npn-sprained group, 74.47 and 62.56 msec for latency speed 
and 181.78 and 171.96 msec for total reaction time. The graphic dis
plays (Figures 11 and 12) depict the statistical equivalence of these 
scores * The graph also reveals the wide range and the higher standard 
deviation of the reflex latency for the uninjured group. The data, 
recalculated with the exclusion of the extreme scores indicated more 
similar means and standard deviations. The reflex latency duration of 
55.01 msec was the mean corresponding to the mean of column 3, Figure 11. 
The mean of 55.56 msec corresponded to the mean of column 4, Figure 11. 
Additionally, the elimination of three scores in calculation of these 
means produced much lower standard deviation scores.

2. Is there a difference in the speeds of the stretch reflex 
of the prime everter muscle between the legs of an individual who has 
experienced recurrent inversion ankle sprains in only one ankle?

Evidenced by the analyses conducted for this parameter on reflex 
activity for reflex latency and total reaction time, no significant
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Table V. TVp-hy-Two Mixed Design Analysis of Variance for Reflex

Latency Duration

Source of Variance df SS ■ MS F P

Groups 1 1220.3101 1220.3101 1.180 .2833
Error (G) 42 43425.4330' 1033.9389
Trials 1 1105.4728 1105.4728 2.321 .1314
Groups by Trials 1 . 1291.3228 1291.3228 2.711 .1034
Error (T) 42 20004.5490 476,2988
Total 87 67047.0890 770.6562

significant when P <.0083

Table VI. Mean Table for Reflex Latency Duration (msec)

GROUP' I GROUP XI
Sprained 
. Ankle

Non-Sprained 
Ankle

Non-Sprained 
Ankle *

Non-Sprained 
Ankle **

Mean 59.36 59.36 74.47 62.56

SD 14.36 18.56 38.53 29.12

Range 37.0- 8̂3.3 27.5-116.8 29.0-170.0 32.5-170.0

^Matched by.Laterality with the Sprained Ankle of Group I
**Matched by Laterality with the Non-Sprained Ankle of Group I
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Table VII. Two-by-Two Mixed Design Analysis of Variance for Total
Reaction Time.

Source of Variance df SS . . MS . . F . P

Groups 1 136.0041 136.0041 .054 .8125
Error (G) 42 106118.3000 2526.6263
Trials 1 712.5018 712.5018 1.974 .1640
Groups by Trials 1 374.7564 374.7564 1.038 .3151
Error (T) 42 15151.1220 360.9791
Total 87 122502.6900 1408.0769

significant when P <.0083

Table VIII. Mean Table for Total Reaction Time (msec)

GROUP I GROUP II
Sprained
Ankle

Non-Sprained
Ankle

Non-Sprained 
Ankle *

Non-Sprained 
Ankle **

Mean 180.14 178.57 181.78 171.96
SD 39.23 41.52 34.61 36.36

Range 117.0-294.5 104.0-290.0 133-0-264.5 115.0-238.0

^Matched by Laterality with the Sprained Ankle of"Group I
**Matched by Laterality with the Non-Sprained.Ankle of Group I
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difference was determined between the legs of an individual who had 
experienced recurrent sprains in one foot (Tables V and VII). The 
means for reflex latency, 59.36 and 59.93 msec, were statistically the 
same (Table VI); the means for total reaction time of 180.14 and
178.57 msec were by statistical analysis the same (Table VIII). These 
mean scores are displayed with standard deviations and ranges in 
Figures 11 and 12, respectively, columns 1 and 2.

3. Is there a difference in the speeds of the stretch reflex of 
the prime everter muscle between the leg of the non^sprained ankle of 
an individual who has a recurrently sprained ankle and the leg of the 
non-sprained ankle of an individual who has never experienced an ankle 
sprain, the legs being matched by laterality?

There was no significant difference in reflex speeds between the 
legs of non-sprained ankles, which were matched by laterality, of indi
viduals who had recurrent sprains in only one ankle and individuals who 
had never experienced an ankle sprain (Table V). The analysis conducted 
on total reaction time of the prime.everter muscle also indicated no 
significant difference between these non-injured legs (Table VII). The 
latency means, 59.93 and 62.56 msec, were statistically equivalent 
(Table VI) as is displayed in Figure 11 by comparison of columns 2 and
4. The means for total reaction time also revealed no difference,
178.57 and 171.96 msec (Table VIII). Figure 12 graphically displays 
this equivalence by comparison of columns 2 and 4. Individual scores fox 
all reflex measurements are located in Appendix G.



Strength
1. Is there a difference in strength at the ankle joint between 

ankles of an individual who has never experienced inversion sprain 
injury to either of his subtalar joints?

No significant differences were indicated by the two analyses 
conducted for strength evaluation between the ankles of an uninjured 
individual (Tables IX and XI) . The data obtained from gross aversion 
strength measurements were represented by mean scores of 63,32 and
65.07 pounds which were statistically equivalent (Table X). Mean scores 
which were based on the ratio of inversion to aversion strength were 
.77 and .73, also statistically the same. The graphic description of 
this data is depicted in Figures 13 and 14, columns 3 and 4 on each 
graph. Individual scores for.strength measurement are in Appendix G.

2. Is there a difference in the strength.at the ankle joint 
between the ankles of an individual who has experienced recurrent 
inversion sprain injury to only one ankle?

Based on data analyses conducted on eversion strength and 
inversion-eversion strength ratio, there was no significant difference 
between the. strength at the ankle joint between ankles of an individual 
who had recurrently sprained one ankle (Tables IX and XI) . Mean scores 
of 63.46 and 64.77 pounds for aversion strength were statistically 
equal (Table X). The comparison of the mean ratios, .79 and .81, also 
indicated no difference between ankle strength (Table XII). Each mean 
comparison is displayed in Figures 13 and 14, columns 1 and 2.
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Table IX. Two-by-^Two Mixed Design Analysis of Variance for Eversion 

Strength

Source of Variance df ss MS . F . P

Groups 1 - 1.4160 1.4160 .000 .9803
Error (G) 42 129192.9500 2861.7370
Trials 1 518.2160 518.2160 .978 ■ .6705
Groups by Trials 1 10.7583 10.7583 .020 .8822
Error (T) 42 22255.6400 529.8962
Total 87 142978.9800 1643.4366

significant when P <.0083

Table X. Mean Table for Eversion Strength (pounds)

GROUP I GROUP II
Sprained Non-Sprained Non-Sprained Non-Sprained
Ankle- Ankle Ankle * Ankle **

Mean 63.79 64.77 63.32 65.07

so 11.99 9.95 . 15.55 13.91

Range 43.68-85.83 46.41-83.92 25.25-85.36 38.10-83.20

^Matched by Laterality with the Sprained Ankle of Group I 
**Matched by Laterality with the Non-Sprained Ankle of Group I
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Table XI. Two-by-TVo Mixed Design Analysis of Variance for Inversion

to Eversion Strength Ratio

Source of Variance. df SS MS F P

Groups 1 .4916 .4916 .990 .6737
Error (G) 42 20.8488 .4964 .
Trials 1 .0891 .0891 .059 .8046
Groups by Trials. . 1 2.2914 2.2914 1.515 .2232
Error (T) 42. 6.3546 .1513
Total 87 27.9313 .3211

Significant when P <.0083

Table XII. Mean Table for Inversion to Eversion Strength Ratio

GROUP I GROUP II
Sprained
Ankle

Non-Sprained 
Ankle . .

Non-Sprained 
Ankle *

Non-Sprained 
Ankle **

Mean .79 . 81 .77 . 73

SD .19 .18 .15 .19

Range .48-1.27 ' .45-1.23 .51-1.20 .45-1.33

*Matched by Laterality with, the Sprained Ankle of Group I
**Matched by Laterality with the Non-Sprained Ankle of Group I



Po
un
ds

53

78.0
76.0
74.0
72.0
70.0
68.0
66.0 X = 65.07 

SD = 13.91X = 64.77 
SD = 9.9563.46

11.9964.0 X - 63.32 
SD = 15.55SD62.0

60.0
58.0
56.0
54.0
52.0
50.0
48.0
46.0
44.0
42.0
40.0
38.0
36.0
34.0
32.0
30.0
28.0
26.0
24.0

1 2 3 4
Sprained Non-Sprained Non-Sprained Non-Sprained
Ankle Ankle Ankle * Ankle **
Group I Group I Group II Group II

Figure 13. Descriptive Statistics for Eversion Strength
♦Matched by Laterality with the Sprained Ankle of Group I
♦♦Matched by Laterality with the Non-Sprained Ankle of Group II



54

o
•H4J(0a

1.50
1.45
1.40
1.35
1.30
1.25
1.20
1.15
1.10
1.05
1.00

.81

.1879
19 5DSD =.75 SD 73

19SD

.55

432
Sprained 
Ankle 
Groun I

Non-Sprained 
Ankle 
Groun I

Non-Sprained 
Ankle * 

Group II
Non-Sprained 

Ankle ** 
Group II

Figure 14. Descriptive Statistics for Inversion to Eversion Strength 
Ratio

*Matched by Laterality with the Sprained Ankle of Group I
**Matched by Laterality with the Non-Sprained Ankle of Group I



55
3. Is there a .difference in the strength at the ankle joint 

between non-sprained ankles of individuals who have never experienced 
inversion sprain injury and individuals who have experienced recurrent 
inversion sprain injury, the ankles being matched by laterality?

The analyses conducted on gross eversion strength data and 
inversion-eversion strength ratio data indicated no significant differ
ences between the non-injured, matched ankles of individuals who had 
never been injured and of individuals who had recurrently sprained one 
ankle (Tables IX and xi:) . The means charted in Table X, 64,77 and
65.07 pounds, were statistically the same for eversion strength, as were 
the means of ratios, .81 and .73, in Table XII. Graphs in Figures 13 
and 14 display the comparison of these means by columns 2 and 4.

Summary
The analyses conducted by the two-by-two mixed design was based 

on group means and repeated measures means and the interaction thereof. 
Since all interaction differences for each of the six analyses conducted 
were not significant, post hoc tests were contraindicated as there were 
no differences to be identified. ~

Discussion
The original intent of this investigation was to identify 

characteristic differences between the populations of individuals with 
recurrent inversion ankle sprains and individuals who had never experi
enced sprain injury. It was necessary, due to the lack of related 
literature, to. compare the ankles within individuals prior to comparing 
the unsprained ankles of the first sample population with the ankles of
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the second sample population. According to the analyses conducted, 
there were no significant differences identified between the repeated 
measures on bilateral ankles of subjects. This was true for all the 
six tests: (1) inversion flexibility, (2) eversion flexibility,
(3) reflex latency, (4) total reaction time, (5) eversion strength, 
and (6) inversion^eversion strength ratio. Statistically, the 
indication was that the parameters of flexibility, reflex activity, 
and strength at the ankle joint did not differ .between the two ankles 
of the same individual. The extreme* ranges of scores for all subjects 
on each of the parameters investigated, contributed to the statistical 
results yielding no significant differences. These results, true for 
the injured and the uninjured samples, reflected the variability of 
individual characteristics. Perhaps a much larger sample of the popu
lation would have counteracted the extreme variability and may have 
revealed any differences or trends.

In comparing the non-sprained ankles of the injured group to 
the same non-sprained ankles of the uninjured group, no differences 
were exposed, indicating that flexibility, reflex activity, and strength 
characteristics were the same for both groups . Thus, any possible 
explanation for injury susceptibility was negligible.

Construction of the flexibility testing equipment, while based 
on definition of foot and ankle structure and motions at the subtalar 
joint (Cailliet, 1968; Mack, 1975), provided data which was, by mean 
scores, highly comparable to those reported by Boone et al. (1978) who 
used a. goniometer,, i.e. means ranging from- 31.2° « 38'.70': for inversion.
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The ranges and means obtained from data of this investigation were of 
greater magnitude than those reported by others (Inman 1976; Pasila, 
Visuri and Sundholm 1978; Lilletvedt and Kreighbaum 1978).

The flexibility analyses for inversion and aversion tests on the 
bilateral pair of uninjured ankles, revealing no difference and wide 
variability, supported Inman's (1976) study on cadavers in that the 
right and left ankles were statistically the same.. Additionally, this 
investigation supported.Inman's conclusion.of wide individual differ
ences.

In comparing the sprained ankle to the non-sprained ankle in the 
same individual, this study indicated no difference between them. This 
finding was contrary to the opinions of Sammarco (1975) who contended 
that there was tightness in the previously injured ankle joint and 
Brand, Black arid Cox (1977) who identified laxity in the post-traumatic 
joint. While additional investigation is indicated, speculation may ■ 
provide insight into this controversy in that the degree of the sprain, 
the specific damage to the ligaments and to the joint capsule, may con
tribute to alterations in the joint flexibility. More specifically, 

there could be stretching or loss of integrity of the supporting struc
tures resulting in laxity, or there could be the accumulation of scar 
tissue in the structures causing a decrease in the elasticity of the 
ligaments. Certainly, the lack of, extent of, or type of rehabilitation 
could also affect changes in flexibility. A greater number of subjects 
and more intense controls of the mechanism, severity, and treatment of 
subject's sprains are conditions which would benefit future research.
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The statistical indication that there was no difference in 
reflex latency between the bilateral ankle pairs for both groups under 
investigation would contribute to the theory that the reflex activity 
does not alter after the experiences of injury. Because of the lack of 
significant differences between the injured and uninjured groups, it 
appears that the reflex latency would not be a valuable index of one's 
inherent capability to avoid injury caused by joint displacement. Data 
obtained throughout the test procedures of this study were variable but 
encompassed ranges reported by Melville Jones and Watts (1971) who had 
distinguished between the monosynaptic stretch reflex and the functional 
stretch reflex, means of 37 msec and 120 msec, respectively. Gottlieb 
and Agarwal (1979) also cited ranges for these two reflexes in the 
gastrocnemius and soleus muscles of 30-50 msec for the first reflex 
response time and 125-195 msec for the second. It is very probable that 
the data results of this investigation reflect a combination.of these 
two different reflex types. Some individuals displayed much faster 
reflex latencies as in the monosynaptic reflex, and others displayed- 
the longer latency times. The resulting range for this study was 
27.5-170.0 msec. Perhaps, some individuals employ the monosynaptic 
reflex, while others employ the functional stretch reflex when the joint 
is suddenly displaced. Another factor which may have contributed to the 
variability in latency scores was the lack of control over the load on 
the muscles stretched. Each person•s foot, which was representative of 
the resistance as caused by the pull of gravity when the foot was 
released from the magnet, did not have the same mass or density. This 
would cause differences in the intensity of the stretch on the peroneal
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muscles. While Crago7 Houk and Hasan (1976) studied reflex latencies 
due to the stretch on the biceps brachii, they reported wide ranges of 
scores when the load level was randomized; then, as the load was 
decreased, the longer and more variable were the response times.

While the concept of proprioceptive therapy has been employed 
by some (Cooper and Fair, 1978) for the rehabilitation of athletic 
injuries, more research is necessary to determine the nature of the 
reflex activity involved in detecting and righting the displacement of. 
a joint. The possibility of cortical involvement would indicate that 
training for proprioception could be beneficial, whereas it would seem 
that the spinal reflex would not be trainable. Certainly, knowing the 
nature of which reflex is most effective in joint displacement would 
facilitate the rehabilitation process.

The results of the analyses conducted on strength tests indi
cated that the everters were the stronger of the two antagonistic 
muscle groups, the inverters and everters. This was represented by the 
ratio variable which compared the gross inversion strength score to the 
gross aversion strength score. In all but six subjects the everters 
were the. stronger muscle, group,.'and in those six the scores were fairly 
comparable between the two muscle groups. This finding was in agreement 
with the conclusion reported by Klein (1971) that everters were stronger 
than inverters * It appears that a larger sample of subjects who experi
ence recurrent sprains would be necessary to identify any trend or dif
ference in strength of the everters in stable and unstable ankle joints. 
While scores between the injured and uninjured bilateral pair of ankles 
were variable, i.e. some subjects had stronger everters, some had weaker



everters, it is evident that more control was necessary over the type 
and duration of rehabilitation on the injured ankle as resistance 
therapy for some and not others would certainly have affected the data. 
Because there was no significant difference between groups, as based on 
the analyses conducted, strength does hot appear to be a factor acting 
in the prevention of sprain injury at the ankle joint.



CHAPTER 5

SUMMARY, CONCLUSIONS AND 
SUGGESTIONS FOR FUTURE RESEARCH

A summary of the purpose, procedures, and major findings of this 
investigation is presented in this chapter. The conclusions, as inter
preted from the statistical analyses conducted, are presented, as are 
the recommendations for future research relating to this study.

Summary
The present study was conducted in an attempt to differentiate 

between characteristics of individuals of an injured population and 
individuals of an uninjured population based on the three parameters of 
flexibility, reflex activity, and strength.

A review of literature was conducted for each of the parameters. 
The literature revealed the wide variability between subjects for range 
of motion at the subtalar joint.. The lack of standardization of measure
ment procedures was evident by the diversified methods employed. Con
tradictions concerning the alteration of flexibility following sprain 
injury were noted. The stretch reflex activity has been applied to 
many areas of motor capabilities. Proprioception and postural mecha
nisms as affected by the stretch reflex have been explored for the 

plantar flexors, the quadriceps, and part of the arm musculature. Com
binations of neural influences on reflex activity are being investigated 
for the determination of the contributing roles of each. Little infor
mation is available on strength values of the musculature responsible
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for movements at the subtalar joint. The everter muscles are reported 
to be stronger than the inverters, but no values were cited for gross 
strength measurement.

Two groups, each composed of 22 college-age males z were defined 
according to a questionnaire completed by each subject. Group I con
sisted of subjects who had experienced recurrent inversion sprain injury 
in only one foot; Group II consisted of subjects who had never experi
enced. sprain injury. ' Each subject was measured by six tests z each .of 
which•was analyzed as a dependent variable: inversion flexibility,
aversion flexibility, reflex latency duration, total reaction time, 
aversion strength, and inversion to aversion strength ratio. Original 
equipment was constructed for flexibility. Apparatus for reflex acti
vity measurements, as adapted from the literature, was set up to accom
modate the specifics of this study. A cable tensiometer was utilized 
for strength measurements.

The data analyses conducted on each of the six tests was a two- 
bŷ -two mixed design for analysis of variance. Probability level was 
established at the .05 level for the entire study, thus each analysis 
was conducted at the .0083 probability level.

The major findings based upon the sample data analyzed for this 
investigation are summarized according to the parameters studied. For 
each of the two measures of flexibility, inversion and aversion, at the 
subtalar joint, no significant differences were identified between 
bilateral ankles of uninjured subjects, injured subjects, and non
sprained ankles of subjects in both groups. The reflex activity as 
measured by the stretch reflex latency and total reaction time of the
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prime everter muscle in response to joint displacement revealed no 
significant differences between bilateral ankles of uninjured subjects, 
injured subjects, and non-sprained ankles of subjects in both groups. 
There were also no significant differences observed for the study sample 
in isometric strength measures for the bilateral ankles of uninjured 
subjectsj injured subjects, and non-sprained ankles of subjects in both 
groups.

Conclusions
In view of the major findings of this investigation, conclusions 

were drawn for each of the three parameters, flexibility, reflex acti
vity, and strength.

Flexibility
1o Flexibility is a highly individualized fitness component 

which varies, markedly between individuals at the subtalar joint.
2. Flexibility scores do not differentiate between uninjured 

and injured populations and cannot be used as an index to categorize 
individuals into groups.

3. The difference in range of motion in a bilateral ankle 
pair is negligible.

Reflex Activity
1. The stretch reflex activity does not differentiate between 

individuals who have and have not suffered recurrent sprain injury at 
the ankle joint.
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2. Stretch reflexes are unaltered in the injured ankle as com
pared to one's bilateral normal ankle; the reflexes act similarly in 
the bilateral ankle pair.

3. Total reaction times are highly variable among individuals 
and between bilateral ankles of an individual.

Strength
1. The strength of the everter muscle group does not different 

tiate between individuals who have sprained an ankle and individuals 
who have not.

2. Isometric strength balance between.the inverters and 
everters of the ankle joint does not differ between ,a bilateral ankle 
pair, whether or not one ankle has been recurrently injured.

3. The everter muscle group is for most individuals the stronger 
of the two muscle groups, inverter and everter, as measured isometri- 
cally, regardless of the incidence of recurrent sprains.

4. Strength cannot be used as an index to characterize indivi
duals who may be susceptible to sprain injury.

Suggestions for Future Research
Additional research may be undertaken and adapted from the sug

gestions that follow.
1. Investigation should be conducted to correlate talar tilt 

ranges to ranges.of motion at the subtalar joint. ■
2. Flexibility comparisons between injured ankles and uninjured 

ankles should be researched with a very large sample size.



65
3 * Longitudinal investigations of the changes in flexibility 

due to growth, activity types and duration, injury, and rehabilitation 
are indicated.

4. A .study should be conducted to describe ranges for the 
stretch reflex latencies of the muscles which function to oppose ankle 
inversion displacement.

5. The reflex response due to muscle stretch of the everter 
muscles in man should be investigated under various conditions, i.e. 
initial levels of muscle activity, varied torques at the onset of dis
placement about the ankle joint, elimination of other sensory inputs 
by anesthetizing or freezing, the joint receptors, various types of 
verbal commands.

6. The range of motion at the subtalar joint should be compared 
to the strength of the everter muscles.



APPENDIX A

QUESTIONNAIRE

Name Home Town
Local.Phone_ 
Age

Home State

Do you participate in physical - activity at.least 
5 hours a week?
If you circled "YES” indicate the approximate number 
of hours you participate.
List the types of activities in which you participate 
the greatest amount of time.
1. 2. 3.

4. Have you ever sprained either one of your ankles?

YES NO

HOURS

YES NO

if you answered "NO”
-*• - - - complete only question 

#15 on this form.
5. Which ankle have you sprained? RIGHT LEFT BOTH

if you answered "BOTH” 
do not complete the rest 

of this form
6. Did your first sprain prevent you from using a

normal walking pattern?
(due to pain, swelling, necessity of not bearing 
weight, or having to limp)

7. What area of your ankle hurt the most the first
. time you sprained your ankle?

8. Was your first sprain a result of someone or
something holding your foot stationary while 
your body kept moving?

YES NO

INSIDE OUTSIDE 
(medial)(lateral)

YES NO

66
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9. Have you re-sprained that ankle more than once? YES NO
10. How many times have you sprained that ankle? TIMES
11. Did you experience subsequent sprains (of minimal 

pain, swelling, or limp) of that ankle after com
plete disappearance of original symptoms, such as 
pain with any movement activity or swelling or 
alterations in range of motion, from a previous
sprain? YES NO

12. Were any of your subsequent sprains the result of
someone or something holding your foot stationary
while your body kept moving? YES NO

13. Did you consult an athletic trainer or a physician
concerning any ankle sprain? YES NO

14. How did your ankle injuries'occur? (Circle the
letter of the answers which apply to your injuries.)

a. recovering from a jump
b. turning while running
c. going down a steep grade
d. descending stairs
e. twisting while wearing elevated heels
f. moving while foot was secured by.another person
g. other (explain)

15. Would you be willing to participate in a study
regarding sprained ankle injuries? YES NO

This study would Involve one testing session during which measurements 
would be taken on both your ankles in several different ways.
Each subject will receive his own data and a summary statement of the 
study.

Many THANKS for your time in completing this questionnaire!!!!!!



APPENDIX B

QUESTIONNAIRE CONSENT FORM

"Tri-Parametric Study Investigating Characteristic Differences 
between Individuals with No History of Ankle Sprains and 
Individuals with a History of Recurrent Ankle Sprains"

Your voluntary participation is requested for completing this 
questionnaire. This study is designed to identify characteristics of 
ankle joints of people who have and have not experienced the discomforts 
of ankle sprains. Measurements will be taken to quantify differences in 
range of motion, relfex speed., and strength at the ankle joint.

If, by choice, you complete- this questionnaire as completely and 
honestly as possible, the information obtained will be held confidential. 
You will not be bound to participate in the study, as you may withdraw 
at any time without incurring ill will.

Please understand that completeting this form will indicate your 
willingness to participate in this study if you can be classified into 
the groups of study according to your responses on this questionnaire.

Investigator



APPENDIX C

SUBJECT'S CONSENT FORM

Investigator: Joan Schultz
Project Title: "Tri-Parametric Study Investigating Characteristic

Differences between Individuals with No History of 
Ankle Sprains and Individuals with a History of Recurrent 
Ankle Sprains11

This'is a research study intended.to quantify characteristics of. 
people who have and have not experienced the discomforts of ankle sprains. 
The main purpose is to determine any significant differences in the 
ankle measurements of the stretch reflex response, the extent of joint 
mobility, and the amount of muscle strength in non-injured and formerly 
injured people.

In order that one's ankles be studied for this research project, 
it is necessary that individuals have never experienced sprain injury to 
be in Group I, or have experienced recurrent injury to only one ankle to 
be part of Group II. Members to be in Group II must be recovered from 
effects of their most recent sprain injury.

If you participate in this research study and can be categorized 
into one of the two study groups, you will be asked to complete a form 
describing your medical history regarding injury or non-injury to the 
ankle joint. . Only one testing session for each subject will be scheduled 
during which three separate parameters will be measured for each ankle. 
The measurement of the first parameter of speed of the stretch reflex in 
the leg will require a response to joint displacement, as the ankle joint 
will be supported by an electromagnet, released, and the response 
recorded by electrodes placed on the skin as they pick up the electrical 
signal causing the muscle to contract. The second parameter of range of 
flexibility will be measured in degrees as the foot, placed upon a board, 
will rotate about an axis as far as possible. The strength measurement 
will be taken as the foot pulls a wire to which a gauge is attached 
registering the force pull on the wire. This last measurement will be . 
taken in two directions to obtain values for two separate muscle groups. 
The entire testing procedure should take approximately 45 minutes. All 
tests will be administered at the Exercise and Sport Sciences Laboratory 
in Room 228 in McKale Center at The University of Arizona.
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All data obtained from the measurements will be confidential and 

filed for statistical analysis based only on number identification, 
rather than each subject's name. Each subject will receive data scores 
and a conclusive summary of the study. There will be no tangible bene
fit to you, the subject, but the experience of being involved in a 
study which may contribute to the understanding of ankle problems and 
tendencies toward injury may be enlightening.

You may experience uncomfortable irritation which may result 
from locating the muscle motor point as there can be an unusual sensa
tion in the muscle. Additionally, there may be an abrasive sting from 
electrode preparation on the skin. Following the testing session you 
may feel minor soreness from the muscular strength measurements.

In the, case of. any injury, normal university procedures will be 
followed. It is necessary that you understand that there will be no 
compensation for risk or injury or hospitalization incurred as a result 
of your participation in this study.

Any questions will be encouraged and answered as completely as 
possible for the understanding of all subjects involved.

This consent form will be filed in an area designated by the 
Human Subjects Committee with access restricted to the principal inves
tigator and authorized representative of the particular department.

The objectives, procedures, and risks of this study have been 
explained thoroughly to me. I understand the commitment of participa-1 
tion, but realize I may withdraw from the study at any time without ill 
will if the need arises.

Signature of Subject 
Signature of Witness

Date
Date



APPENDIX D

PILOT STUDY RESULTS

A pilot study was conducted to determine the specifics of the 
testing procedures as administered by the author« Analyses were con
ducted on the six tests to determine differences between trials and to 
determine differences between tests administered, on consecutive days.
Five trials were measured on each foot for each of the six tests on 
each day of testing. A two-way analysis of variance was used to iden
tify differences between trials on the first testing day scores of 
subjects. A paired t test compared the test-retest scores for differ
ences between days. Pilot study statistical scores are presented for 
the six tests for each foot.

Two-Way ANOVA with Tukey 
Analyses conducted on repeated measures to identify trial to 

trial differences within subjects is summarized in Table 13. No signi
ficant differences were observed between testing trials for inversion 
and aversion flexibility, total reaction time, aversion strength, and 
inversion strength for either foot. There were significant differences 
exhibited by the F ratios for the stretch reflex latency measures between 
trials, indicating the need to increase the number of trials adminis
tered in the investigation.
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Table B-l. Two-Way Analysis of Variance: F Ratios for Six Tests on

Each Foot Based on Pilot Study Data

Test Right Foot V Left Foot

Inversion
Flexibility

F = 1.99 F = 0.22

Eversion
Flexibility

F = 1.60 F = 0.72

Reflex
Latency

F = 4.24 F = 2.79

Total Reaction 
Time

F = 1.27 F = 1.81

Eversion
Strength

F = 2.39 F = 0.99

Inversion
Strength

F = 1.09 F = 1.79

df = 4/32, significance level = .05, critical F = 2.67

Paired t Tests;
Measures for all six tests for each foot were analyzed by. paired 

t tests. These measures were consistent on two consecutive days for 
tests of inversion flexibility, reflex latency, total reaction time, 
aversion strength, and inversion strength in each foot. Significant 
differences between aversion flexibility measures were observed for both 
feet, indicating a trend that might have been a learning effect for the 
measure. The results are summarized in Table 14.
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TableB-2. Paired t Tests: t Scores for Six Tests on Each Foot Based

on Pilot Study Data

Test Right Foot Left Foot

Inversion t = -0.73 ' t = -1.77
Flexibility
Eversion t = -5.11 t = -7.38
Flexibility
Reflex t = -1.01 t = -0.42
Latency.
Total Reaction f = +0.05 t = -1.29
Time t
Eversion t = +1.57 t = +0.23
Strength
Inversion t = +0.86 t = +2.18
Strength

df =4, significance level = .05, critical t = ±; 2.78



APPENDIX E 

SCHEMATIC FOR STRETCH REFLEX
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Power Supply

Battery 12 v

Switch

Capacitor to place 
reverse charge on 
electromagnet 
2000 F
Iron Core of 
electromagnet

Ground on Gilson 
Polygraph

Gilson Event 
Marker



APPENDIX F

CABLE TENSIOMETER CALIBRATION*

Tensiometer Conversion 
Reading to Pounds
6.0 -— — -----  14.19
7.5 --—  ----- 16.39
9.0 ---- ■— .—  18.59
10.0 --- :------ 20.79

.. 10.5 -- ----— —  21.95
11.0 ---- -----  22.99
11.5  --— ---  23.59
12.0  --— —  24.18
12.5 ----  ,--- 25.19
13.0 ---- — --  26.29
13.5 — -- ----  27.39
14.0 '   28.40
14.5 ---------  28.60
15.0 -̂------ - 29.59
15.5 - ' 30.21
16.0  ---:— — —  30.83
16.5 ----- — ----31.79
17.0 --  —  32.10 ..
17. 5------- — - 33.04
18.0 — — 33.99
18.5 --- — -- 34.63
19.0 --— ---- r 35.26
19.5----:---- - 36.19
20.0  —  37.12
20.5 - ■ . -- 37.51
21.0  -------- - 38.42
21.5 ---— — — ■ 39.71
22.0 — —  —  40.98
22.5 -—  --41.91
23.0   —  44.11
23.5  ---- — —  45.07
24.0 ,--- .---:-- 46.31
24.5 -—  --- :— - 47.27

Calibrated July,

Tensiometer Conversion
Reading to Pounds
25.0 -- — ---—  47.56
25.5 48.51
26.0 --— — — 49.46
26.5 50.41
27.0 50.71
27.5 51.65
28.0 52.91
28.5 —  53.85
29.0 55.11
29,5 56.06
30.0 — 57.31
30.5 —  58.29
31.0 —  58.43
31.5 58.58
32.0 59.51
32.5 ---- -- 61.71
33.0 63.91
33.5-------- 64.88
34.0 65.85
34.5 68.42
35.0 69.41
35.5 69.64
36.0 70.62
36.5 71.60
37.0 72.82
37.5 73.80
38.0 75.02
38.5 76.01
39.0 77,22
39.5 . 78.21
40.0 79.42
40.5 —  ---   80.41

1979 by Andy Medina and Joan Schultz
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APPENDIX G 

INDIVIDUAL MEAN DATA SCORES
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Table G-l. Individual Mean Data Scores for Group I — Flexibility.

SPRAIN NON--SPRAIN
Inversion Eversion Inversion Eversion

28.4 09.0 ' 25.4 05.0
46.2 16.2 48.6 13.6
34.4 16.6 25.2 18.0 ’
19.0 15.0 27.8 14.2
61.2 12.6 49.6 08.2
41.0 ' 11.0 .. 39.8 20.8
38.6 17.4 44.0 16.6
27.0 18.0 27.6 16.4
34.2 14.2 39.6 16.4
41.4 21.8 50.6 22.0
25.6 25.8 . 31.6 29.0
32.2 22.0 . .33.6 15.2
28.0 15.6 37.6 15.8
39.8 19.8 38.4 23.8
41.0 . . 27.0 40.2 ... . 25.4
31.0 23.6 30.8 30.8
24.0 23.2 . 31.8 18.4
32.2 31.2 31.2 20.6
45.2 .. 07.8 46.6 08.2
49.2 13.8 49.0 29.0 ..
41.6 23.6 46.6 30.2
35,8 26.6 26.4 30.2

X 36.18 18.72 37.36 19.45

sb 9.65 6.24 8.67 7.53

Range 19.0+61.2 7,8»31.2 25.2+50.6 5.0+30,8
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Table G-2. Individual Mean Data Scores for Group I —  Reflexes

SPRAIN NON-SPRAIN
Latency TRT Latency ■ TRT

047.5 184.0 038.5 178.0
072.5 183.5 057.5 141.1
058.0 205.0 050.0 178.0
069.0 ' 175.5 059.1 177.0
077.0 164.0 066.0 199.0
046 ,8 151.0 027.5 168.0
077,5 218.0 065.8 247.5
062.8 237.5 070.5 223.0
047.5 164.5 080.0 204.0
062,5 294.5 116.8 290.0
042.8 117.0 070.0 104.0
060.0 197.5 052.7 183.0
083.3 165.0 043.0 157.5
080.0 135.5 058.8 165.5
075.0 185.0 055.5 ..... . 176.5
043.3 165.0 062.5 164.5
037.0 198.0 070.0 200.0
063.3 196.0 . 075,0 201.5
065.0 146.0 065.0 151.0
048.0 171.0 150.0 144.5 .
041,4 118.5 031.0 107.5
045,7 191.0 053.3 167.5

X 59.36 180.14 ' 59.93 178.57
SD 14.36 39.23 18.56 31.463

Range 37.0+83 .3 117,0->294.5 • 27,5^116. 8 104.0+290,0



Table G-3. Individual Mean Data Scores for Group I —  Strength
80

SPRAIN NON-SPRAIN
Inversion Eversion Ratio Inversion Eversion Ratio

38.72 80.89 0.48 35.88 79.75 0.45
60.28 66,79 0.90 58.04 60.31 0.96
54.63 85.83 0.64 60.62 83,92 0.72
25.59 47.36 ' 0.54 30.10 48.51 0.62
55.00 83.00 ' . 0.66 74.29 75.02 0.99
44.43 50.39 0.88 33.04 62.77 . 0.53
55.42 43.68 1.27 63.91 51.56 1.23
43.38 62.35 0.69 40.13 59 .55 0.67
52.08 58.78 0.89 44.11 61.01 . 0.72
47.14 81.41 0.58 58.78 70.62 0.83
52.18 66.07 0.79 64.23 76.49 0.84
44.11 67.04 0.66 46.31 56.58 0.82
36.64 58.79 0.62 51.44 61.30 0.84
73.92 71.96 1.03 77.15 79.35 0.97
49.14 ' 55.53 0.88 . 48.09 63.41 : 0.76
45.58 62.36 0.73 49.88 66.14 0.75
63.54 65.01 0.98 56.90 57.68 0.99
49.15 46.63 1.05 49.56 46.41 1.07
37.06 52.49 0.71 48.73 67.53 0.72
41.18 69.98 . 0.59 40.44 63.95 0.63
51.06 61.71 0.83 58.37 68.83 0.85
52.39 58.06 0.90 58.42 64,32 0.91

48.76 63.46 .786 52.18 • 64,77 .81:
10.25 12,00 ,189 12.30 9,95 .17!
25.59 43,68 0.48 30,10 46.41 0.45
4 4- 4 +

73.9.2 85.83 1.27 77.15 83.92 1.23
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Table G-4. Individual Mean Data Scores 

(Degrees)
for Group II —  Flexibility

Non-Sprain-Matched Non-Sprain
Inversion Eversion= _Inversion Eversion

30.6 07.0 37.4 07.4
32.6 07.0 26.2 10,8
38.2 16.6 37.0 17.8
36.0 18.8 34.8 17.6
37.6 16.4 36.8 21.6
26.6 17.2 34.6 09.4
32,4 15 .0 26.0 19.8
45.6 16,8 45.6 21.0
30.4 13.6 39.4 12.8
41.0 21.0 41.0 15.4
40.0 14.0 31.4 12.0

. 39.6 08,6 39.2 14.4
41.6 30.6 39.2 22.8
28.6 . 19.0 34.2 24.8
51.2 32.4 50.2 29.2
37.8 30.8 34.0 25.8
40.0 31.2 40.2 30.2
43.6 24,4 39.0 27.2
46,8 35.0 34.4 28.4
30.8 21.6 31,4 17.0
41.0 25.0 48.0 18.6
41,2 25.8 38.2 27,0

X 37.87 20.40 37.19 11.59
SD 6.32 8.24 5.98 6.80

Range 26,6-s-51.2 7.0+35.0 26.0+50,2 7.4+30.2
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Table G-5. Individual Mean Data Scores for Group II —  Reflexes

(msec)

NON-SPRAIHED-MATCHED NON-SPRAIN.
Latency TRT Latency TRT

115.0 151.1 032.5 137.1
052.1 201.0 ' No Response 175.5
064.0 144.0 042.2 148.0
066.0 206.0 063.3 167.5
056.4 204.0 044.3 157.5
045.0 133.0 062.1 131.5
170.0 189.0 170.0 ■ 210.0
057.5 139.5 065.6 127.0
029.0 162.5 066.7 115.0
120.1 264.5 051.2 162.5"
132.5 184.5 098.7 238.0
045.6 218.5 078.1 221.5
052.0 172.0 036.0 177.5
050.5 236.5 064.0 218.5
051.0 156.0 035.5 135.0
056.6 ’ 189.5 064.2 209.5
047.7 167.5 060.8 157.0
079.4 169.5 062.5 153.0
068.3 149.0 064.1 .. 155.0
080.0 220.0 058.7 212,5
035.6 142.5 053.3 152.5
064.0 199.0 040.0 221.5

X 74,47 181,78 62.56 171.96
SD ■ 38.53 34.61 29.12 36.26

Range 29.0 170.0 133.0 264.5 32,5 170.0 115.0 238.0
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Table G-6» Individual Mean Data Scores for Group II —  Strength 

(Pounds)

NON-SPRAIN-MATCHED NON-SPRAIN.
Inversion Eversion Ratio. Inversion Eversion Ratio

35.89 60.98 0.59 33.99 65.74 0.52
30.41 25.25 1.20 28.93 41.60 0.70
52.18 74.29 . 0.70 55.11 72.09 0.76
28.40 37.28 0.76 22.99 50.99 0.45
56.58 73.88 0.77 53.64 82.62 0.65
53.64 85.36 0.63 61.37 80.41 0.76
42.. 21 82.76 0.51 . 39.27 73.88 0.53
49.46 54.38 0.91 53.96 70.62 0.76
54.69 76.82 0.71 44.48 73.88 0.56
44.11 56.89 0.78 48.09 50.29 0.96
48.09 56.58 0.85 48.04 83.19 0.57
55.75 70.87 0.79 58.04 70.62 0.82
32.29 36.93 0.87 32.92 38.10 0.86
36.94 58.77 0.63 53.64 : 81.88 0.66
53.55 52.49 1.02 49.56 56.11 0.88
45.58 57.96 0.79 49.66 50.29 0.99
45.16 65.74 ' 0.69 40.31 60.98 0.66
54.59 75.02 0.73 48.51. 66.79 0.73
62.04, 74.62 0 *83 60.24 45.16 1.33
45.48 65.85 0.69 43.38 65.53 0.66
66.47 78.61 0.77 46.31 72.83 0.64
53.96 71.68 0.75 52.49 78,54 0.67

47.34 63.32 0.77 46.41 . 65.07 0,73
9,66 15.55 0.15 10.18 13.91 0.19
28.40 . 25.25 0.51 22.99 . 38.10 0.45
4- 4* 4- 4-

62.04. 85.36 1.02 61.37 83.19 1.33
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