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ABSTRACT

The major purpose of this study was to dese: - ce o« 3 rglationship
between lower limb strength training and the tur=- wor =iills of
subjects with a traumatic brain injury.

Six adults, three females and three male= < ?° - 58 panticipated in
the study. Five subjects were identified as hawing sussmrea a severe traumatic
brain injury as determined by their length of cema hour) after injury. One
subject did not have a traumatic brain injury, but ratner was medically
diagnosed as having suffered an internal brain mjury caused by seizure. One
female and one maie withdrew from the study before the conclusion of the
study. However, their data were included in the results of the study.

A single-subject, multiple baseline across subjects research design was
utiized. Subjects were placed in two groups by subject preference. The time
that subjects took to perform an obstacie course, consisting of a ramp, a four
inch “mock curb”, a set of stairs (ascending and descending) and a 25 metre fiat
walkway, were recorded. Strength tests were performed using the Cybex
Dynamometer |l every four weeks.

intervention (B Phase) consisted of a lower imb strength training
program designed to enhance the strength of the muscies of the knee flexors,
knee extensors, hip flexors, hip extensors, hip adductors, hip abductors, ankie
plantar flexors, and ankie dorsi flexors. Subjects trained three times weekly on
Nautilus and Universal exercise machines. in addition to a generalized warm-
up, subjects performed three sets of six to eight repetitions with resistance
adjusted 10 50 percent of their 1 repetition maximum (1RM), 85 percent 1 RM
and 60 peroent of their 1 RM for each prescribed exercise. Subjects were not
prescribed a cool down.



Group One trained for a total of eighteen weeks after the establishment of
the seven week baseline, and continued 10 be tested weekly on the obstacle
course. Group Two began strength training on the fifteenth week and continued
for a total of nine weeks. Group One continued to train during this 16-25 week
period. The total duration of the study was 25 weeks.

The findings of this study revealed that there seems to be a relationship
between lower imb strength training and the subjects’ functional waking skills,
defined by those skills needed to compiete the obstacie course of this study.
This finding largely agreed with the litersture. The muscies that appear related
to the speed of waking include the knee flexors, knee extensors, ankle piantar
flexors and ankle dorsi flexors. The subjects uniformly did not increase the
strength of their hip flexors, thus the importance of these muscies for performing
functional skills must be queried by future research.
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CHAPTER |
INTRODUCTION

Many people suffer permanent disabilities as a result of trauma 10 the
brain. These disabilities arise from cognitive and physical deficits left after
injury is sustained. Of specific interest 10 this study were the physical deficits
that lead to the reduced ambulation capacity of this population. A study
performed by Bohannon, et al. (1988) indicated that the primary rehabilitation
goal of persons with a traumatic brain injury (TBI) was to improve their waking

The Rick Hansen Centre at the University of Alberta is a fitness facility for
persons with a physical disability. Many individuals with a TBI participate in
ftness programs similar to those offered by community facilties for able-bodied
finess programs at the Rick Hansen Centre make marked progress and some
improvement in their physical function and gait.

Examples of sucoessiul clients are discussed 0 demonsirate these
improvements. A 25 year oid lady who suffered a TBI in a motor vehicle
accident a number of years ago used a wheeichair as a primary means of
usSes only a cane, and only when walking on difficull surtaces such as ice. A 27
yoar old man who suffered a TBI in a motor vehicle accident a number of years
primary means of mobility. He has been a panicipant at the Rick Hansen Centre

1



Again, when she started an exercise program at the Rick Hansen Centre five
yoars 8go, she used a wheeichair t0 Carry out all activities of daily living, but
now walks with a walker for the compietion of these tasks. These thres
individuails have aiso been able to transfer their improved walking skills to both
the community and home environment. However, it should be noted not all
clients that have entered the Rick Hansen Centre with a TBI have been as
successiul. For some individuals, their gait may have improved somewhat, but
their preferred mode of mobility for activities of daily kiving remains unchanged.

Several studies in the literature indicate a reiationship between strength
in specific muscie groups and velocity of waking (e.g. Nakamura et al., 1988,
Bohannon, 1908, Nakamura ot al., 1968, Perry ot al., 1993). These studies
have been performed primarily on subjects who have suffered a stroke. Peny
ot al. (1993) performed a study on individuals with post-pollo syndrome.
Ressarch on the functional outcomes of persons with TBI is imited. No
velocity of walking with persons with a T8I,
dificullies that arise when working with this population. in addition, multiple
injuries sustained at the time of the TBI, such as contraciures, complioate
r000arch methodology further.

To date, no ressarch is avallable on this population with specific




literature for any disabled population.

Few studies in the literature have examined the value of physical fitness
programs for persons with a TBI. Additionally, few studies have researched the
potential for this population to improve their level of physical functioning after
formal inpatient and outpatient therapy programs have been discontinued. If &
relationship can be established where functional gains can be acquired through
the participation in a regular, daily physical activity program, individuals with a
TBI may continue to progress physically and functionally without rekance on
costly formal rehabiiitation programs. The motivated individual could access a
broad range of community fitness centres that are available in both large and
small communities. Finally, by undertaking a general fitness program, this
population can enjoy the well documented benefits of a healthy, active iestyle.
Embiem Sistement

The author's informal obeervations of clients with a TBI lead to many
1. Are the functional improvements obeerved in people with a TBI while

performing an exercise program actually due 10 the fitness program?

2. if 90, could the prescription of a ftness program to this population serve
as a long term form of rehabilitation 10 enhance functional independence
loveis?

3. s strength training the most valuable component for enhancing
functional skills, in particular, functional gait?

An attempt was made 10 answer these general questions by determining

specifically:

locomotor sidiis of subjects with a T8I?



Daiimitations
This study was delimited to participants with a brain injury incurred a

minimum of 18 months prior to the commencement of the study. The age range
of subjects was limited to between 18 and 60 years. Five subjects had
sustained a traumatic brain injury. One subject suffered a brain injury
secondary 10 seizure. Subjects had (o be able to ambuiate without a waking
device a minimum of 50 meters, and traverse stairs and ramps safely.
Limitations

There are several imitations inherent in this study. Firstly, the obstacle
course was designed on the premise that the cbstacies contained in the course
barriers 10 the individuals’ iife in home or other environments. Therefore, the
results of this study are only truly valid for barriers in this course designed for
this research.
therefore, the overall utility of other components of a prescribed ftness program
cannct be deduced. Thirdly, the optimal time at which the itness program
should be prescribed after injury was not studied. Finally, the time 10 walk each
changes or strategies deveioped by the subjects 10 traverse the stairs, ramp, or
the results of this study.

Dafollions
Traunalic brain injury (TBI) has been succinctly cefined by Vogenthaler




(1987) as “damage to living brain tissue that is caused by an extemal,
mechanical force” (p.113).
Closed Heed Injury - Traumatic Brain Injury:

“A closed head injury occurs when the head collides with

another object (for example the windshield of a car) and brain

tissue is damaged, not by the presence of a foreign object

within the brain, but by violent smashing, stretching and

twisting of brain tissue. Penetrating injuries tend to damage

reiatively localized areas of the brain which result in fairly

discrete and predictable disabilities. In contrast, closed

head injuries cause more diffuse tissue damage that results

in @ mosaic of disabilities that are more generalized

and highly variable.” (Vogenthaler, 1987, p. 113)
Ditference Between Traumstic Brain Injury and Stroke or Internal
Brein Injury: Stroke or internal brain injury usually occurs later in e and
damage is often localized 10 one part of the brain. ARhough some survivors with
stroke may require similar services as individuals with traumatic brain injury, the
ext~nt and length of time services are required differs. In addition, recovery
from stroke ohen follows a predictable path, whereas recovery from a traumatic
brain injury does not. Therefore, rehabilitation methodologies will difter.




CHAPTER Il
SELECTED REVIEW OF LITERATURE

Introduction
The following literature review will focus on four specific areas. (nitially,

the incidence and prevalence of traumatic brain injury (TBI) will be discusrsed.
Secondly, the specific physical and cognitive deficits resulting from a TB! and
their impact on the individual's ability to carry out activities of daily kving will be
reviewed. Thirdly, studies on the effects of physical activity for peopie with a
traumatic brain injury will be examined. Finally, an in depth review of the
terature with respect to the reiationship between gait and lower imb strength
will be presented.

Background information on Traumatic Brain Injury

The leading cause of TBI according t0 Rimel et al. (1982), Parkinson et
al. (1965), and Wong et al. (1993) was motor vehicle accidents. This finding
was in agreement with similar studies conducted in Australia and Britain
(Jennett, 1980). The second and third leading causes of TBI are assauits and
falls, although the order may vary.

After insuRt 10 the brain, a ioes of consciousness will occur resulting in
amnesia or coma. The duration of these states will vary with each individual
from minutes, o0 months 1o indefinite periods of time. However, the result is
always the same: permanent organic damage, with varying degress of severity
and sequelse.

The severity of brain injury is medically determined by the length of ime
allered coneciousness persists. if a comaiose stale and post traumatic amnesia
persists for more than 24 hours, the brain injury is claseified as severs. i the
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7
state lasts less than 24 hours, TBI is considered moderate, and if less than one
hour, TBI is mild (Teasdaie & Bond, 1974). Wong et al. (1993) provided
statistics on severity of injuries. Of the 370 patients reviewed, 22.4 percent were
in coma for two 0 seven days, 19.5 percent in coma for eight to fourtesn days,
and 16.8 percent in coma for one day.

The incidence of traumatic brain injury (TBI) within Canada has been
reported at 200 per 100,000 popuistion per year (Parkinson et al., 1985).
Extrapolating this statistic to Alberta, there will be an estimated 4 860 people
admitted to Alberta hospitals with a primary diagnosis of brain injury in 1993
(based on an Alberta populstion reported in June 1989 by the Alberta Bursau of
centificates indicate that this estimate is fairly accurate (Alberta Health, 1991).
An additional 360 persons will die as a result of traumatic brain injury before
they reach the hospital (Alberta Healh, 1991). Recently, Wong et al. (1993)
determined that 40,000 persons are discharged from hospitals with a diagnosis
of skull fracture, or intracranial injury in Canada annually.

in the United States, incidence statistics have been reported at 422,000
per year (Anderson & McLaurin, 1980). The authors indicated that the large
number of people who recsived some form of treatment as a result of their brain
injury each year. This figure was estiimated 10 be 1 million and is 40 times the
reported &t 150 per 100,000 popuistion (Jennett & MchMilian, 1981). Alhouph
soverity level of the injuries were not provided in theee studies, clearly brain



injury is becoming an increasing concern to the health care system,

All studies reviewed to date indicated that maies are two 10 three times
more likely to sustain a TBI than females. Wong et al. (1993) found this ratio 10
be three 10 one. In the Canadian study by Parkinson et a!. (1985), this ratio was
given as 2.19:1.

A second consistent finding in the lterature is the age group at risk.
Those aged 15 to 24 were at highest risk (Anderson & McLaurin, 1980, Rimel et
al., 1984, Jennett, 1990). Wong et al. (1993) reported a slightly different at risk
age range of 20 t0 29 years. The authors indicate that this may have been due
to the acceptance of only adults in their rehabilitation facility. Rimel et al. (1964)
The highest incidence rates were reported for persons aged 15 10 19 at 42 per
10,000 and persons aged 75 and over at 30 per 10,000. Chiidren aged five 10
status of people with TBI. Wong et al. (1903), found 38.7 percent of their
pationts were unemployed at the time of their injury. in the Parkinson et al.
study (1988), 47.5 percent of their popuiation with a brain injury were either
unempioyed or receiving wellare at the time of their injury. Theee statistios are
mmunmuhﬁmmwsumdu
general population at the time of the Wong study. Similar diepropon
MMMMmmﬂnmme
Jane (1084) and Jennett (1990).




victim of TBI is most kkely to be an unempioyed male aged 15 10 24. The
causes of TBI are typically motor vehicie accidents, assaults and falls. The
length of the comatose state will determine the severity of injury.
Ssqusiae of Traumatic Brain Injury

The consequences of traumatic brain injury are particularly ditficult for
society and the medical profession alike to manage. Statistics have indicated
that T8I is likely to occur at the prime of one's life (between the ages of 15 and
24). Peopie with TBI are expected to live a normal life span, consequently they
will live 65 to 70 years with disability (Jennett, 1980). The primary challenge for
rehabilitation is dealing with the compiex sequeiae of TBI.

The brain is a very intricate and delicate organ that controls every aspect
of our being. Although scientists now have a good grasp of how the normal
brain functions, there are stil many unanswered Questions. When the brain
oxperiences trauma, such as going through a windshield in a fast moving
vehicie, the mechanisms of the damaged brain and how it functions becomes
eVen More Compiex.

The person who experiences T8I, whether mild or severe, will never be
quite the same agein. An overview of each of the areas affected by brain injury
will be provided, with particular focus on physical deficits. One must alweays
remain cognizant of the fact that TB! effects each individual differently. A diffuse,
traumatic brain injury does not follow a predictable course of recovery, unitke
stroke, Or & penetrating brain injury where demage is locelized (Vogenthaler,
1987). ‘

Cognitive Deficits
The cognitive deficits that may result from TBI are numerous. Ben-Yishay

and Prigatano (1960) provide a comprehensive list of 27 potential deficits.



10
These deficits may be further grouped into nine key areas including poor
impulse control, reduced stamina, inability to control emotions, attention deficits,
memory deficits, communication skills, perceptual-motor-spatial-sequential task
deficits, and deficits in executive functions.

A deficit in the balance of excitatory or inhibitory processes results in
reduced impuise control, stamina and ability to control emotions. Attention
deficits produce an inability to concentrate and/or an inappropriate focusing of
attention. To the untrained observer, memory deficits are probably the most
noticeable. The patient will experience difficulty with retention of both verbal
and non-verbal information, and may be unable to recall new or oid information.

Deficits of more complex functions such as language and communication
skills, lead to the individual experiencing difficulty with academic skills and
reduced, leading to difficulty with “imegrative” functions. Ben-Yishay and
Prigitano (1990) describe these as deficits in performing perceptual-mote
spatial-sequential tasks. Thinking disorders include difficulty with both
converngent and divergent reasoning, in addition to deficits in executive

A chalienge for the physicel rehabilitation professional is 10 avoid piacing
unrealistic expectations on & person with a TBI who has inadequale insight or
awareness into his or her disability. Further challenges are encountered when
Ehwsical Dadicits

Physical deficits as a result of TBI are as diverse and compiex as
cognitive deficits. Although linked to cognition, deficits in perosption pose
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unique difficulties for physical rehabilitation. Perception, defined by Bouksa et
al. (1988), is the “dynamic process of receiving (perceiving) the environment
through sensory impuises and transiating these impulses into meaning based
on a previously developed view of the environment” (p. 252). However, as
already mentioned, the person with a TBI may lose a prior memory of the
environment, or it may be drastically distorted. Thus, inappropriate movements
are likely to be produced (Duncan, 1990).

The lengthy duration of coma can result in a mosaic of physical deficits.
Tone, defined as the “tension present within a muscie” (Singh & Doy, 1988,

p. 45) can be altered, leading to contractures. When the tone is increased, the
muscie continually contracts rather than retuming to the normal position due to
disturbances in the brain. Muscle contractions heid for a long period of time
often leads to reduced range of motion, and thus, deviation from normal
biomechanical aignment may be observed (Duncan, 1990).

Spesticity is an increase in muscie tone and is evidenced by an
increased resistance 10 passive or active movement. Spasticity seen on
passive movement is hypothesized 1o be due to a hyperactive stretch reflex
(Sahvmann & Norton, 1977). Spesticity observed on active movement is
hypothesized t0 be re’ :ted t0 abnormal reguiation of the normal neuron pool
(i.e. prolonged recruitment of motor units resulting in a delay of antagonistic
contractions at the end of a movement), (Bahrmann & Norton, 1977).

Although sensory organs may be fully functional. damage 10 the central
in sonsation are menifesied in the patient having a imited ability 10 receive
movement senee. As a result of this poor feedback, the individual cannot
0o0rdinale agonist and antagoniet muscies. If the person is recsiving incorrect
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visual information, balance and proprioception skills may be affected. Reduoced
tactile sensation will imit the patient's sensitivity to pain, temperature and

Strength, defined by Fox et al. (1989, p.159), as the “foroe or tension &
muscie, or & muscie group can exert against a resistance in one maximal effort”
is frequently affected in people with TBI. Patients are unabie 10 produce
voluntary contractions or have difficulty with motor unit recruitment (Duncan,
1980). if the primary motor conex is damaged, the patient may be unable to
produce any strength response st all.
patierns or synergies and might only be able 1o activate primitive motor reflexive
without modulation of the central nervous system following brain injury. The
oemergent reflexes that result may be adequale 10 perform gross Movements as
in galt, but if the patierns are imited 0 flexion and extension, More complex
dystunctional for the patient. Duncan (1990) sxplains that ofen, this disorder of
mmummnhmnm Ataxia
(un ination of muscie movement) and tremor can result when the timing of
the synergies are incorrect.

Many patients with TBI will sxperience balance dificullies. The ability 10
ang neuromusouler funclions are required. All or some of thees areas may be
damaged or pariially damaged after head trauma. i balance is aflecied in the
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individual, often movement will not be purposeful or coordinated (Shumay-
Cook & Horak, WCG).

mmanmgmmwphymmmmmm-m
ability to perform activities of dally living (ADL). ADL are defined by McNeny
(1990, p.193), as “those tasks necessary for an individual's daily functioning”.
financial management and driving (Jette, 1985). Although cognitively the
patiert may be unable to perform these skills, physical function is a necessary
prerequisite for performance. For most patients with TBI, these skills will have 10
be releamed and/or adapted for the patient to achieve pre-injury indeper

The many deficits of people with TB! have been outined. Cognit
mmmbwmhmmmmm and

The first study of exercise as a form of rehabllitation for persons with TBI
Wer Veterans with TBI. The author stressss that it is important 10 begin
treatment as soon as possibie afler injury 10 maintain morale and joint range of
motion. The study is descriplive in nature with imited information provided
authors only measured variables of lung capacity. The subjects were found 10
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mmummumuimmgmupﬁm-dubbd
persons. The authors conciuded this reduction was due to inactivity.

A further study of cardiovascular response t0 exercise in patients with
stroke was performed by Monga et al. (1988). Subjects were given an isometric
and blood pressures achieved during the tests were recorded and compared to
found in the mean heart rate or mean biood pressure between the two groupe in
either the strength test or the bicycle ergometer test. The leg ergometer test
showed that the control group completed significantly more work than did the
taking. A second facior may be related 10 the change in the centrally mediated
sympatheiic fone afler damage 10 the brain. Thirdly, higher total peripheral
xerciess, as compared 10 leg ergometer exerciess. The authors concluded
who had suflered a stroks.
dally Sving (ADL). One group recsived tradiional enerciess and funclional
aclivities which involved pulleys and weights. Mmmh
increasing the total number of joints involved in the enercisss
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ADL as quickly as possibie. A second group received propricceptive
neuromuscular facilitation (PNF) exercises. The third group received treatment
using the Bobath approach of reducing abnormal muscie tone and encouraging
the production of normal movements. Subjects underwent training in one of the
three groups for six weeks. The authors did not describe the length or intensity
of training sessions. The conclusion of the study was that the prescribed
programs did not vary in their sffectiveness in improving ADL. Al exercises
yleided similar marginal improvements in both ADL and physical function. The
authors conciuded that muscie tone decreased substantially, akhough not
significantly using the PNF method. Due to a lack of information provided by the
authors, the conclusions of this study must be treated with caution.

The effects of exercise overfiow on electromyography resulls were
examined by Mills and Quintana (1006). Patients with stroke performed three
strength exercises (one at maximal, one at 50 percent, and one at no weigit).
Theee exercises were performed by the unafiected biceps brachii, triceps
brachii and quadriceps femoris. The effects on the opposite, affected imbs
were cbesrved using electromyography. The authors conciuded that training of
the opposite imb will enhance the strength of the peretic imb. No long term
oflects of the strength training on the subjects were reporied.

A treadmill training program was prescribed by Waagfiord et al. (1980) to
determine its relative eflectivenses on the temporal distance vanables of gakt of
8 SuUbject with traumatic brain injury. The subject trained for 1on MINUIeS per
90esion for a period of nine wesks. The authors found thet treadmill training did
not have an eflect on these variables of gait for this subject.

Jankowsid and Sulivan (1900) performed the only study reported in the
Nevrature on the eflect of an overall physical activity program on the efMciency,
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Capacity and fatigability of patients with traumatic brain injuries. Fourteen
subjects participatec. Subjects performed stationary cyciing, rope skipping,
jogoing and stair cimbing for 45 minutes, three times per week for 16 weeks 10
enhance aerobic capacity. Ring tossing, three pin bowling, dribbling dris,
weight ifting and callisthenics were performed for 45 minutes, three times per
week for 16 weeks for neuromuscuiar stimuiating effects. Subjects improved
their oxygen consumption capacity, however there were no significant changes
in training heart rate or in the oxygen cost of walking. The outcomes of the
study were measured by grip strength, abdominal musculer endurance and &
submaximal oxygen consumption test. The authors also deveioped an index of
fatigabiity based on informal observation; this measurement was not tested for
reliabifity or validity. The amount of time spent performing each specific activity
was not defined.

A summary of the possibilities for functional rehabilitation for pereone
with & TSI using physical activity was provided by Sullivan et al. (1900). The
authors deecribed an exerciee program in adjunct 10 a physioal therapy
program. The activities prescribed for the individuals included running, walking,
jogging, javelin, balt throwing and weigit #ting. The authors measured the
funciional abilties of the patients prior 10 entering the program. Upon
compistion of the program, 45 of 51 subjects obtained the status of a walker or a
jogger compared 10 16 of 51 patients who held this status at the outest of the
program. Alihough the authors described exercises as including flexibility,
strengthening, coordination and relaxation activilies, specific prescription
information with respect 10 duration and types of exerciess performed were not
provided. However, the authors provided some insight into the potential
benefits of physical activity not previously described for the TBI population.
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Suliivan et al. (19980) suggested that participation in physical activity may
result in a general physiological training effect for the cardiovascular system,
and hence reduce fatigability and enhance ability to perform ADL. Physioal
confidence could be achieved. The authors concluded an overall improved
Summary

Clearly the review of iterature shows that the effects of physical activity
well dooumented. Several gaps within the iterature are evident. Subjects are
generally patients with stroke even though it is well known that individuals with
TBI do not foliow the same pattem of recovery as petients with stroke (Jennett,
1990). Studies compieted 10 date have generally been performed without
adequate attention 10 scientific ressarch design. Finally, many of the studies do

information about the programs is oflen missing preventing the reader from
making appropriate concusions.

A study performed by Bohannon et al. (1968) indioated that the primary
rohabiitation goal of persong with a TBI was %0 improve their walking ablities.
However, studies 10 determing the relationship of strength with the performance
of gait are Imited. Most studies sesk 10 determing if strength is a reliable
indiostor of gakt performance. An iniiial study by Brandeteter et al. (1983) found
that time or velooky of waking was a sulicient measure of gait psriormance for
cadence, Sance period and swing period. The findings of this study rvealed
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that velocity of waking adequately assessed the gait of an individual with a
brain injury and identified the stage of recovery according to Brunnstrom. Thus,
the speed of walking is frequently used in the kterature to describe gait
performance.

Gait of patients with stroke and TBI show commonly, observabile deficits.
The Ranchd Los Amigos Scale is an obssrvational tool used to determine if
involved in gait (trunk, hip, peivis, knee, ankie, foot and toes), underlying motor
include: spasticity limiting range of motion; contractures in the hip flexors, knee
subject needed for walking: uncoordinated synergies of the lower imbs altering
selective control of a joint ocourring when a normally active muscle fails 10
activate (Bampton, 1979).

Hanvin ot al. (1962) examined the relationship of muscular strength 10

torque fests of knee extension and flexion. The authors conclucted that
isokinstic muscie torques of both the paretic and non-paretic legs were a good
indicator of locomotor ability. However, the results must be trested with caution
following & stroke. lsokinetic strength of the knee flexors and the knee

Sxionsors were measured using Cybex |i, and gakt was measured using $me 0
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between isokinetic muscle torque at fast velocities for both the affected and non
affected side. The conclusion drawn was that reduced muscle strength required
for rapid movements was a primary cause of motor disabilities in locomotion in
persons with hemiplegic gait.

Bohannon (1986) examined the relationship further by looking at the
iﬁiﬁ:é!mumwnwhangmwbdwwwinadzoﬂmmm.
Bohannon used a hand-held dynan meter (0 measure static strength of hip
flexors, hip extensors, hip abductors, knee fiexors, knee extensors, ankle dorsi
flexors and ankie plantar fiexors. The purpose of the study was 10 determine if
strength in these muscie groups was indicative of gait performance as
measured by cadence and velodity of waking. Correlations were established

muscie groups. Caution in interpreting these results is recommended for two
reasons. One, the hand-heid dynamometer is not a sensitive measure of static
strength. Second, the use of only eight meters 10 measure waking variables is
& very short length to effectively determine the reiationship between strength
A follow-up study by Bohannon (1587) was performed to determine
which variables of hemiparetic gait were reisted 10 gait performance. Speed,
and non-parelic). Several methods were Uliized 10 MeasUre theee variables.
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gait performance than normalized strength of the paretic imbs and weight-
bearing ratio. The author's limited examination of the subjects’ gait and the
various methods employed to measure predictor variables call into question the
implications of this study.

Nakamura et al. (1988) examined the relationship between waking
speed and muscie strength of knee flexors and knee extensors in patients with
stroke. In this study, the authors compared the strength and walking speed of
patients four and eight weeks after gait retraining. Unfortunately, the method of
galt retraining was not described. However, the suthors conciuded that an
increase in waking speed did not improve with increases in isokinetic strength.
By performing regression analyses, the authors did find that the variance
oxplained by walking speed is gradually increased with more training. Again,
lack of information about the specific methods used within the study lead %0
difficulty in accepting the conciusions reached.

Bohannon performed a more recent study in 1990 t0 determine if a
relationship between spasticity, muscie 10rque and speed of walking existed in
subjects following stroke. Using Cybex Il, knee extensor muscie torque and
spasiicity were measured. Performance of galt was measured using speed of
walking over an 8 meter walkway. The author concluded that knee extensor
muscie forque was significantly corelated 10 speed of walling, but spastioity
was not corveiated. Therelore, the strength of the knee extensor Muscies was
thought 10 be a good predictor of walking speed.

Soine studies have been performed ueing eiderly adults as subjects %0
examing this relationship. Judge et al. (1963) prescribed a strength training
program for thirty maies whoee average age was 82.1 years. The exerciess
consisted of tiwes training s0esions per week. Subjects performed three sets of
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eight to ten repetitions at 75 to 85 percent of 1 RM to volitional fatigus. The
muscie groups strengthened were knee extension, hip abduction ankle
dorsiflexion, hip extension and knee fiexion. A control group performed only
flexibilty exercises. Velocity of walking was measured at usual and maximal
pace of waking. The authors found that the strength training program improved
gait velocity at both speeds in the strength training group, but not in the control
flexibility group. The experimental group improved their usual pace of walking
by 8 percent, and their fast pace waking by 4 percent (p<.05). Judge et a).
hypothesized that improved gait velocity as a result of improved strength will be
greater in those subjects whose knee extension strength is below a threshokd of
weakness. (n their study, they estimated this threshoid to be 48 Newton Metres.

A similar study was recently performed by Perry et al. (1993) using 24
best predictor of gait velocity at both usual and fast paces. For fast pace
walking, the authors determined that hip abduction strength in addition to
plantar flexion strength were the beet prediciors. in conirast 10 previous studies,
the authors found that knee sxtension torque was the poorest predictor of ability
10 wak at both paces. The authors’ use of isometric torque in determining their
muscie testing (most frequently Cybex) was used. As walking is a dynamic
questionable. Neverthelsss, the findings of Perry ot al. (1903), are quite
diflerent than thoee of previous authors. Comparieon is dificult becauee of the
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testing technique, and the subjects did not have imiting neurological factors as
do persons with stroke or traumatic brain injury.

Summacy

Although some studies have been performed to determine the
reiationship between muscie strength and gait performance, most do not
provide enough information about the specific methodologies used. However,
there tends t0 be a relationship between lower extremity strength and speed of
waking or gait performance. Most studies have not use research designs to
determine a cause effect reiationship, but rather use Pearson Product Moment
Correlations. The effects of strength training on gait performance over time has
been neglected. (n addition to the above limitations, all studies have been
periormed primarily on patients with stroke and not on individuals with TB.

if the above described ressarch findings are 10 be accepted, there might
be a relationship between strength training and gait performance of individuale
with head injury. From Bohannon et al. (1990), the muscies that appear 10 be



CHAPTER |Il
METHODOLOQGY

Sample Seiection
Subjects were selected according to the following criteria:
Male or female between the ages of 18 and 60.

1.
2. Sustained a traumatic brain injury a minimum of eighteen months
prior to the commencement of the study.
3. Brain injury was classified as severe according to length of time in
ocoma (>1 hour).
4, Waere able to ambulate 50 or more meters with or without assistive
devices.
8. Subjects must not have had any medical contraindications that
would have prevented them from participating within the study.
6. Subjects had to be able to comprehend and sign informed
congent forms.
Subject characteristics are outiined in the following Table:
Aoe(yrs) ISi(moa) Afym) LOC(days) COI
81 (BN) 43 26 41 14 Fall
82 (JP) 58 270 35 4 Assault
83 (GH) 22 56 17 180 MVA
84 (8W) 34 50 30 21 MVA
88 (WK) 27 104 18 28 Fa¥
88 (LH) 29 18 27 14 Seizure
Table A - Subject Characteristics
“T8i= Time since injury
‘AlaAge at injury
‘LOC= Longth of coma
*COI=Cause of injury

A decision was made 10 aliow an individual 10 participate whose cause of
injury was a seizure (and not a traumatic brain injury) because it was difficult 1o

recruit subjects and this particular subject was exceptionally eager to

23
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participate. The causes of injury were motor vehicle accident (2), fall (2),
assault (1), and seizure (1),

Subjects were recruited primarily by referral from the Rick Hansen
Centre. Six subjects began the study but only four completed it. One individual
(LH) dropped out on the advice of her physician as she was diagnosed with
cancer. The second subject (GH) dropped out for reasons he wouid not state
and refused to continue. After discussion with his primary care givers, it was
discovered that this type of behaviour was not uncommon for this subject who
had a history of not completing several other unreiated commitments. The lack
of compliance by this subject is indicative of some of the difficulties previously
reported in performing research with subjects with a TBI.

Subjects participated voluntarily and were not offered any incentives %
was approved by the University of Alberta Faculty of Physical Education and
Erocaduras

The research design utilized in this study was a single-subject, mubiple
homogensous sxperimantal group were rejected dus 10 the high variability thet
strongth training and the speed of walking in peopie with a traumatic brain

njury.
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assigned 10 a group depending upon subject preference and convenience.
Subjects one, two and three (BN, JP, GH) were place in Group 1 to foster their
participation in this study. The length of time to estabiish baseline data was
long (seven weeks) and these subjects were becoming increasingly frustrated
that they were unable to begin training.

The criterion set for establishment of baseline was when all six subjects
showed sufficient stability in their baseline waking speeds (defined as £ 10
seconds) over & minimum of three trials. However, at seven weeks (7 trials)
stability was only observed in Subjects 1, 2, 4 and 5. Subjects 3 and 6 showed
considerable variabilty and & decreasing trend in times. Attendance may have
present for all trials.

Due t0 subject frustration with delay in the initiation of training and
restrictions on researcher time, the decision was made 10 begin the second
Was Necsssary 10 avoid losing subject interest and motivation to continue. The
risk was taken that the strength training program would be a sufficiently strong
intervention 1o show improvements beyond the baseline phase of data

Once Group 1 (Subjects 1, 2 and 3) began the B Phase, both groups
conlinued 10 be tested on the cbstacle course on a weeldy basis. The ongoing
in Group 2 were not showing a trend of improvement in their walling imes
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conclusions could be confidently drawn that improved waking speeds were in
fact due to the intervention prescribed.

When Group 1 began to show a trend toward improvement of time on the
obetacie course (defined as a 30 percent decreass in time over a minimum of
three trials from beseline average), Group 2 began their strength training
program (B Phass). Group 1 had been training a total of § weeks when Group 2
started B Phase. Group 1 continued to strength train and were tested on the
obstacie course weekly. Group 2 strength trained for 9 weeks making the total
duration of the study 25 weeks.

Two groups were utilized in this study for several reasons. If the
intervention had similar effects for both groups, the results of this study become
scientifically stronger. Due 10 the varying levels of performance in individuals
with traumatic brain injury, this number of psople were required 10 allow
generalizabiiity t0 the population of people with TBI. Finally, the eflects of
subject drop-out were reduced.

Ohatacie Course

An cbetacie course was deveioped which contained one fiight of stairs
(ascending and descending), one ramp (with a rail), two automatic doors, a 28
metre wallkway on a concrete surtace, and a four inoh high “mock” curd. The
cbetacies selected were those encountered by this population on a daily basis.
ARhough there have been many studies conducted Uiizing a walkway, No
similar studies have been performed using cbetacies of daily living. An outdoor
JOUrSe was not eslecied due 10 the unpredictabiiity of weather conditions.

The placement of the curb and the start and finish ines were marked with
permanent marker and remained consistent throughout the duration of the
study. The course was piaced in a low rafic 88 but, due 10 the looation in &
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fieid house, noise and activity occasionally distracted the subjects. In order to
simulate daily kiving, when distractions occurred during time trials, they wers not

Brandstater et al. (1983) suggested that veiocity of walking was an
adequate measure of gait performance to identify deficits in the stride period,
cadence, stance period and swing period. Thus, time in seconds to complele
the obstacie course was utiized to measure subject performance. Velocity,
caloulated wouid have been questionable due to the cbetacies.

in order to measure intra-tester and inter-tester reliability of the collection
timers. One timer was the primary ressarcher, and of the three other timers, one
the timing in the main study 10 avoid bias in the data collection. Three pilot teet
seesions were conducted in weekly triais in an attempt to simuiate as cloesly a3

Subjects were instructed 10 walk as Quickly as wes salely possible.
Subjects were placed behind a marked ine on the Noor and were given
instructions 10 start &8 “g0 when ready”. Upon initial foot movement by the
subject's foot crossed the plane of a marked end line on the floor ONe Meter
from the t0p of the stairs. Al subjects received stand by aseietance 10 SnNeUe
salety.
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Analysis of Variance (MANOVA) empioying the SPSSx ststistical software
package. Inter-tester reliability (reliability between testers) was found to be
significant (p<.01) F=.9983 (df=8) and intra-tester rellability of the primary timer
was found t0 be significant (p<=.08) F=.9987 (df=35). This level of reliability
was deemed to be acceptable t0 begin the primary study.

Subjects for the primary study were given the same instructions as thoee
in the pilot study ("go when ready”) and were instructed to wak as quickly as
poseible. Subjects were timed on a weekly basis (Fridays) before performing
their strength training program. Although subjects were timed by timer MC t0
avoid bias in the data collection, the primary researcher was aiways present 10
superviee and offer standby assistance.

Massummant of Sirangth Changas

Peak torque was measured using the Cybex | Oynamometer. The use of
the Cybex || Dynamometer has been reported as a rellable and valid measure
of muscie forque (Mawdsiey & Knaplk, 1962). The damping was set at 1 10
avold suppreseing the true quantity of muscie forque as recommended by
Sinacore ot al. (1983). Gravitational effects were heid constant as all subjects
wore tested without compensation. Calbration of the Cybex || was performed in
accordance with the instructions provided by the manutacturer prior 10 each test
2008i0N.

Ressarch by Tripp & Harris (1091) investigated the use of isokinelic
tosling in subjects with spastic hemiparesis. The ressarchers concluded that
isckinstic testing yieided reliable results on both the afiected and unafiecied
sides. ARhOugh the ressarchers used a difierent measuring device (LIDO
Activation isokinstic System), the nature of the testing is similar 10 Cybex .

Testing began at the end of the coliaction of bassiine data and continued
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every four weeks thersafter for a total of five test sessions. Test sessions took
piace on Sundays to aliow adequate recovery from the strength training session
on the previous Friday. A standardized sub-maximal warm-up (consisting of
three repetitions at the speed of 60 degrees per second for each muscie group
tested) was provided for each subject. The muscle groups tested were the
ankie plantar flexors, ankle dorsifiexors, hip flexors, hip extensars, hip
convenience the muscie groups were tested at each test session in the above
prescribed order.
deecribed by the Manutacturers were followed for each test. The only
modification made was the use of a wider bench for subjects 2 and 4 for salety
and subject comfort. Both subjects were overweight, thus the Cybex bench was

Prior 10 each strength training s0esion, subjects were required 10 periomm
a standard warm-up.  The purpose was 10 reduce muscie soreness and prevent
possible injury. The warm-up exercises prescribed were specific to the muesoie
groups that were 10 be trained. The warm-up consisted of: a ten minuie bout on
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seconds). The total time for subjects to perform the warm-up was twenty
minutes. Subjects were supervised during their warm-up by the primary
researcher or the weight room attendant if the researcher was not avaiiable.

The exercises prescribed were those spedific to the muscie groups
required for waking, as recommended by Bohannon (1968). Bohannon found
correlations with speed of waking and the muscie groups of anide plantar
flexors, ankie dorsi flexors, knee extensors, knee flexors, hip adductors, hip
abductors, hip extensors and hip flexors.

Al exercises were performed using Nautilus with the exception of the toe
press (for ankie plantar flexors and ankie dorsl flexors) which was performed on
& Universal apparstus. The exercises on Nautilus were as follows: Hip and
extensors), and the Leg Curl (for knee flexors).

mwummm ANl Nautiius exercises and warm-
Prior to commencing the strength training program, subjects came in for
one seesion during which their one repstition maximal (1RM) for each
appersius was determined. This is defined by Delorme and Watkine (1948) as
poriormed with three sets with six repetitions using a percentage of the
individuais’ 1 RM. To date, ressarch of sfiactive strength training protocols for
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subjects with a traumatic brain injury has not been performed. Therefore, the
protocol as described by Berger (1962) was selected.

Subjects were required 10 perform three sets. The first set was six
repetitions with a resistance of 50 percent of their 1 RM. The second set was six
repetitions at a resistance of 85 percent of 1 RM, and the third set, six repetitions
&t & resisiance of 50 percent of their 1 RM. During training sessions, it subjects
couid perform more than eight repatitions on the last set, the resistance was
increased for each set by five pounds at their next training session for that
particular exercise.
indicated that the first set was (00 easy and demanded more resistance or did
This was resoived by providing further education 10 the subjects on strength
ressarcher or the weight room attendant.



CHAPTER IV
RESULTS AND DISCUSSION

lotroduction
The results of this study will be presented in two ways. Firstly, individual

results will be presented. The results of the subjects’ time to wak the cbetacle
course, Cybex data and resistance changes on Nautilus and Universal wiil be
provided. This will be foliowed by a discussion of the individual's results.
Second group results will be presented. The results will then be summarized in
terms of the two Groups; {Group One and Group Two} at the conclusion of the
individual discussion of the third subject in each group. To protect
confidentiality, subjects wik be identified as Subject #1 (BN), Subject #2
(JP).Subject #3 (GH) (Group 1}, Subject #4 (SW), Subject #5 (WK), and Subject
#8 (LH) {Group 2). Upon compietion of these two sections, there will be a
general discussion at the conciusion of the chapter.
Mathod of Analysis

The speed of waking on the obstacie course will be analyzed graphically
and by caiculating average times measured during baseline and aversge times
achieved during B Phase (intervention). The averages will be caiculated by
adding up the times recorded and dividing by the number of triais completed. A
peroent improvement will be provided for each individual from the end of
baseline 10 the conclusion of the study. Percent improvement will be caicuiated
by dividing the total average times measured in baseline by the average total in
B Phase and multiplying by 100.

it shouid be noted that the first time trial for all subjects on the obetacle
oourse has been removed in all of the Figures of the time data presented. This

32
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point was deleted as it refiects the siowed effects of the subjects’ first initiation to
the course. With the removal of this data point pictorially, the trend of decrease
in the subjects time 1o walk the obstacle course from the beginning of the study
to the end is more representative of the actual changes that took place. All data
points were used in all mathematical calowiations of averages and percentages.

The Cybex data results will be analyzed graphically. In addition,
changes will be indicated by peak torque (measured in Newton Meters (NM))
differences from the first baseline test 10 the final test.

|. INDIVIDUAL RESULTS
GROUP 1
Sublact Characieristic

BN, a 43 year ysar old maie was injured when a garage door he was
repairing at home fell on him. BN was a labourer at the time of injury but has
sinoe retired. BN had been injured 26 months prior 10 the commencement of
the study and was in a comatose state 107 14 days posi-injury. He was an eager
participant in al aspects of the study.

BN had a memory deficit as svidenced by his inabiiity to remember the
primary researcher's name even after 17 waeks of seeing him three times per
week. BN's gait deficits were minimal. BN had a siight lateral lean to the right
deficiis were exacerbated at the beginning of the study when attempting 10
traverse the “mock curb” of the cbstacie course. He appeared slightly unstable.
BN had no difficullies with the stairs and in fact had 10 be reminded 10 travel
them one &t a ¥me by the end of the study. BN aleo did not exhibit any
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difficulties with the ramp, going down it independently, without hoiding on to the
rail for assistance.

After he was taught what exercises to do on each machine and how to
adjust his resistance, BN was able 10 carry out strength training sessions
independent of supervision. The primary researcher and the weight room
attendant did frequent spot checks 10 ensure he was performing the exercises
accurstely with all weights at the prescribed resistance. BN commented to the
primary researcher many times that he felt much better since beginning his
strength training program, and has continued to strength train at the Rick
Hansen Centre since the conclusion of the study.

Tima on Obatacia Coursa

BN's results are dispiayed in Figure 1. The raw data is found in

Appendix A. Figure 1 shows that BN improved his time on the obetacie course

SUBJECT #1 BN: TIME TRIALS ON OSSTACLE COURSE
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considerably from baseline to the conciusion of the study. His average time
during baseline was 39.72 seconds and his average time was reduced t0 31.33
seconds during post-intervention. From baseline to the conciusion of the study,
there was an average difference of 8.39 seconds which represents a 78.88
percent improvement.
aybex Rasul

BN improved on the foliowing Cybex tests: Right knee flexion (57NM),
left knee flexion (21NM), right knee extension (10NM), left knee extension
(SINM), right ankle plantar fiexion (15NM), left ankie plantar flexion (ONM), left
ankie dorsi flexion (BNM), right ankie dorsi flexion (12 NM), right hip adduction
(18NM), left hip adduction (13NM), and left hip extension (36NM). BN showed a
decreass in strength in right hip extension (-10NM), right hip flexion (-11NM),
and left hip flexion (-2 NM), as ilustrated in Figures 1a, 1b, 1¢ and 1d. The raw
data is located in Appendix B. Table B iliustrates that BN increased ail
resistances on his Nautilus and Universal exercises.

Examining Figure 1, BN had a reiatively stable baseline. After Week 1 of
during baseline (36.67 seconds). After the sixth week of strength training, BN
recorded his fastest time 10 date. This result is possibly indicative of strength
beginning training (Frontera et al. 1968). BN's time pisteaued for three more
wesks but then began 10 show steady and continual improvement.

Perry ot al. (1983) found a atrong relationship between plantar flexion
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SUBJECT #1 BN: RIGHT KNEE AND RIGHT ANKLE CYBEX
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syndrome. Hamrin et al. (1982) and Nakamura et al. (1985) found a relations!
between isokinetic muscle torques of knee extension and knee flexion and gait
in patients with stroke. Bohannon (1988) found a relationship between
cadence and velocity and strength of the hip extensor, knee flexor, ankie dorsi
flexor and ankie plantar flexor muscie groups. A correiation between cadence
and strength of the hip abductor and knee extensor Muscle groups was aleo
established. in a foliow-up study, Bohannon (1990) further determined thet
knee extensor muscie torque was related t0 the speed of walking in patients
with stroke. Finally, Lankhorst et a!. (1965) did a study with patients with
ostecarthrosis of the knee in reiation to the tasks of stair climbing, walking, and
rising from a chair. Lankhorst et al. determined that strength of the quadriceps
corelated with speed of stair cimbing and walking.

On Cybex, BN's largest gains were obeerved in left hip extension
muscies are related 10 the velocity of waling. The decreases noted in hip
previously identified as being related 10 the veiodity of walking.
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Thus, due to BN's relatively stable baseline and noticeable increases in
time on the obstacle course, it would appear there is a relationship between his
increased lower imb muscle strength and corresponding increase in speed of
waking on the obstacie course. This increase is probably due 10 his
improvement in quadriceps and hip extensor strength which would improve his
ability to perform the stairs. However, without knowing his speeds on the stairs
(split times), the strength of this relationship is difficult to discern.

SUBIECT #2..)P
Sublect -

JP is female and had been injured the longest of all of the subjects. She
sustained her injury as a resulk of an assault in 1970 and was in a comatose
state for four days. She was the oidest of the subjects at 58 years of age and
was somewhat obese. JP was particularly eager 10 be invoived in the study as
she had been attempting t0 enter the Rick Hansen Centre to train for several
months prior to the start of the study.
loft foot several years prior 10 the TBI and had walked with a cane in her right
loan right and dragging of her leRt f00t. At the outest of the study, JP used her
cane for her iming fests. By week number five, JP no longer used her cane for
the tests.

JP had some memory deficits. She had 10 be reminded for
approximately six weesks which way 10 go aller going through the sutomatic
throughout the duration of the study. JP could not write but i is not known ¥ this
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was a direct result of her brain injury as she indicated or if she was illiterate
prior 10 her injury. JP worked as a secretary three years prior t0 the study but

JP was a motivated subject for the most part. There was some diffioulty
with her attempting heavier resistance. If JP was not toid there wouid be an
increase in weight, she was able 10 lift it. if she knew thers was going to be an
increase, she would not be able to compiete the set and would quit due to
fatigue. This may have been a result of her prior inexperience in a resistance
training program. JP had relatively reguiar attendance but would occasionally
miss two 10 three days without a phone call.

JP couid eventually set her own weights but was unable to record them
due 1o her inability 10 write. JP required close supervision as she would neglect
her warm-up if allowed and was required to be strapped into some of the
machines. It was also important to keep JP motivated 10 continue to compiste
her strength training program on a dally basis. JP frequently indicated that she
attributes this 10 the undertaking of an exercise program. JP no longer requires

JP's results are displayed in Figure 2. The raw data is found in Appendix
A. Figure 2 shows that she experienced a clear decrease in time during the
after beginning Phase B. Her average time during bassiine was 65.33
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seconds, and her B Phase average was 51.56 seconds, for s total average
decrease of 13.77 seconds, representing a 78.93 percent improvement. JP's
fastest time during baseline was 57.44 seconds. Her {astest time recorded
during B Phase was 45.77 seconds a difference ot 11.867 seconds.

SUSBJECT #2 JF: TIME TRIALS ON OBSTACLE COURSE
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Cybax Basulls
JP increased ail of her Cybex measurements as follows: rigit knee

Rexion (GNM), et knee fiexion (13NM), right knee extension (20NM), lah knee
extension (21NM), right ankie plantar flexion (17NM), left ankie plantar fexion
(1NM) loht ankie dorsi flexion (10NM), Aght ankie dorsi fiexion (SNM), right hip
adduction (33NM) left hip adduction (SNM), left hip extension (27NM), right hip
ex10n8ion (S7TNM), right hip flexion (4NM), and left hip fiexion (10NM) as

Wustrated in Figures 28, 2b, 2c and 2d. The raw data is locsted in Appendix B.
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JP ais0 increased all of her resistances on the Nautilus and Universal machines
as illustrated in Table C.

From JP's results there seems to be a relationship between lower mb

strength and speed of waking on the obstacie course. By comparing Figure 2
with Figures 2a and 2b, increases in strength seem to coincide with decreases
in speed on the cbstacle course. After the eighth week of strength training,
increases are seen in all Cybex results exciuding those of hip flexion, hip
abduction and hip adduction. However, by the sixteenth week of training, theee
peak torques had aiso increased from initial measures. JP's times decreased a
total of 6.02 seconds from the last baseline measurement taken after 16 weeks
of strength training.

JP's results are in agreement with the ierature in that there seems 10 be
a reiationship between the strength of knee extension, knee flexion, ankie
al.,1962, Nakamura ot al.,1985, Bohannon, 1906, Perry ot al, 1993) and speed
of walking. JP's moderate increases in hip flexion also support relatively litle %0
no relationship between these muscies and speed of walking. With the
excepiion of right knee flexion, JP's large increases in knee flsxion and
the quadriceps femoris muscies are key 10 performing stair climbing and other
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related activities. However, as with BN, the strength of this relationship is again
difficult to discern without spiit times measured on the stairs.

SURMECT #3. GH
Subject Chamaciarstics

GH is male and was injured five years prior to the start of this study as a
result of & motor vehicie accident. GH was the most severely injured of the
group as measured by his length of coma (180 days). GH was the youngest of
the subjects at age 22. He is unemployed and had obtained a grade 11
education. GH had speech difficukties and experienced mood swings as
reported by both his group home staff and personal observation of the
researcher.

GH used a wheeichair as his regular means of daily mobility. GH did not
use & walking device, other than his wheeichair as it wouid have been unsafe.
GH had several gait deficits that were easily observed. Some of these included:
hyper extension of the knee, excessive plantar flexion with toes first, forward
lean of the trunk and poor control of all of his imbs due to spasticity. For timing
on the cbetacie course, GH was supported by the primary researcher. GH
walked by hoiding onto the researcher's right shoulder for stability.

GH was initially highly motivated to begin strength training. GH was
extremely frustrated during the gathering of baseline data as he did not
understand why he could not begin strength training. Once he began strength
training, GH would demand more and more resistance but had 10 be restricted
a8 his technique was poor with increased weight. Constant reminders 10 GH
that technigue was more important than increased resistance served 10 only
frustrate him. GH was dependent during alit components of his strength training
a8 he required assistance moving from machine 10 machine and could not
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remember how to set his weights accurately from day to day. Furthermore, GH
often had to be shown how 0 perform each task from day to day.

Difficulties with GH were encountered in maintaining a professional
relationship with him. GH began to call the researcher at home unnecessarily.
As a result, the researcher was asked by the group home staff to remind him of
the purpose of his involvement in the study. His altered behaviour was
interfering detrimentally with his performance and cooperation at the group
home.

Unfortunately, GH quit very early in the study. GH would not give reasons
for quitting and refused to discuss it further with the researcher by telephone.
An attempt was made (0 see GH in his home but GH was not home when the
ressarcher went 10 his residence. However, when Questioned prior to
withdrawing from the study, GH had indicated several times that he fek much
better since beginning strength training, and the researcher was somewhat
surprised when he quit as he appeared to be improving his motor control on the
Nautiius machines considerably.

Jima on Qbstacie Course

GH exhibited a very unstable baseline, with no apparent trend towarde
decreasing (Figure 3). However, after only 6 weeks of strength training, GH's
time on the obetacie course seemed 10 decrease. GH's baseline average was
105.48 ssconds and, afer beginning Phase B, k was 156.68 seconds which
representis an 86.00 percent improvement. GH's fastest time recorded during
bassiine was 162.33 seconds. ARtiough he went siower than this time during B
Phase, his fastest time recorded during B Phase was 108.44 seconds.
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SUBJECT #3 GH: TIME TRIALS ON OBSTACLE COURSE
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Cybax Besults
Increases were observed for the following exercises: right knee fiexion

(26NM), right knee extension (72NM), left knee extension (3NM), leRt ankie
plantar flexion (SNM), left ankie dorsi flexion (8NM), right ankle dors! fiexion
(4NM), IRt hip fiexion (SNM). Decreases were nated in the following: right
ankie plantar figxion (-15NM), left knee flexion (-20NM), right hip adduction (-
20NM), et hip adduction (-42NM), left hip extension (-48NM), right hip
extension (-84NM), right hip flexion (-52NM), as ilustrated in Figures 3a, 3b, 3¢
and 3d. The raw data is located in Appendix B. GH also improved on his
Nautiius and Universal exercises as Shown in Table D.
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Discuasian

After only one week of strength training, GH achieved his fastest time of
108.44 seconds on the obstacie course. As GH was highly motivated (by
beginning his strength training the week earlier), perhape this could explain his
rather abrupt improvement. In examining the Cybex data (Figures 3a, 3b, 3¢
and 3d), GH showed large improvements only in his right knee extension and
right knee fiexion from baseline. The large decreases in the muscies measured
could again be evidence of his declining motivation to continue with the study.

GH was difficult to test using Cybex as his spasticity interfered a great
deal. He would become increasingly frustrated if he accidentally kicked the
researcher as a result of his spasticity. Akhough conclusions can not be drawn
from GH's results, there are severa! observations worthy of disocuseion.

Examining Table D of GH's Nautilus and Universal resistances, K is noted
that GH made only marginal increasss in his resistance throughout the six
wooks of strength training. In fact, some of the weights had %0 be decreased 0
that he could perform the exercisss accurately. Thus, the method of strength
training a8 propoeed by Delorme and Watiing (1962) may not have been
appropriate for GH. Instead, resistances should have been inliially st 30 that
GHM could perform them in a controlied and SCCUrale MaNNeY.

A further imeresting point with reepect 10 GH's strength raining was that
he did increase control of the muscies of his lower imbs (although he did not
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increase his strength noticeably). This was observed by the researcher in his
ability to perform the Nautiius and Universal exercises in a more controed
manner after six weeks as compared (0 when he initially started his program.
Furthermore, his Cybex data was recorded much mome smoothly on his second
test as observed on the chart recordings. This change was most notable in his
important than a heavy resistance training program, recommendations for GH
wouild be to prescribe a low resistance endurance training program to acquire
further control of his muscies.

L

&miﬂelmpl(aﬂ JP and GH) improved t pubsta
on the obetacie course. BNWJPMWMNWNWW
and Universal machines. The results of BN and JP were found 10 be in
seem t0 be reiated to the speed of walking with less agreement for hip flexion.
ability 10 traverse the stairs rather than on straight tast walking. 1t has been
noted that & is difficult 10 confirm this relationship as separate times were not
appears 10 be a decreasing trend in this data alter baseline, the decrease is 100
variable 10 be conclusive.

R is difficult 10 draw conciusions from GH's results. Speculs
MGH“NUMMMMMM“MM
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on the prescribed resistance exercises. Thersfore, perhaps what contributed 1o
GH's improved performance on the obstacie course was a combination of
motivation and improved motor control. GH's data is invaiuable as his
individual characteristics exempified and highlighted the common difficulties
encountered when performing sxperimental research with this population.
GROUP 2

SW is female and was injured in & motor vehicle accident just over four
years prior 10 the start of the study. SW was in a coma for 21 days. She was
employed as & bank teller pre-injury but has not retumed to work. SW has a
sincere desire to improve her waking skills and thus was very motivated 10 take

Al the time of the study, SW was using a wheeichair for deily mobility.
akthough she wanted 10 switch 10 her walker. The researcher would not allow
the hand of her primary care giver and left her canes at the fop of the stairs.
right hip, excessive knee flexion and toe drag of the right foot. From SW's
trouble controlling her emotions as she is easily tearkul,
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motivation to finish on a daily basis and to push herself to fatigue, which is
Necessary 10 acquire strength gains. If the researcher was not there, SW would
not compiete her program. As she was considerably overweight SW was most
imerested in exercising on the stationary bike in her desire to lose weight,, SW
remained dependent on assistance within the weight room and required heip to
adjust her weights as she was unable to remember from day to day her exact
weights. SW continues t0 strength train at the Rick Hansen Centre.

A difficuity encountered in coliecting the waking data for SW was that at
week 8, SW obtained a new waking brace which she insisted on using for the
test. The effect of the brace on her recorded times on the obsiacie course was
obvious. Only the week before, she had used her old brace and obtained a
time of 516.10 seconds. The week she used her new brace (week 6) she
recorded a time of 725.67 seconds. She again switched at week 7 back 10 her
old brace and obtained a time of 571.22 seconds. Thereafier, she used her new
brace for the duration of the study. As a result of SW switching knee braces,
estabiishing baseline stability was somewhat difficult.

Iima on Qbatacie Course

As already mentioned, there were some challenges in establishing a
baseline for SW. However, in examining Figure 4, specifically her third and #ith
time trials, X would appear that her baseling is relatively stable. Prior 10
beginning B Phase, there does appear to be a moderate trend of & decrease in
her imes. Once beginning B Phase, the deciining trend becomes even Mo
ovident. During bassiine, her average time was 625.08 seconds and during B
Phase her average was 455.54 seconds, representing a total of 72.87 peroent
improvement. During Baseline, SW's fasiest time was 516.10 seconds. ARer
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beginning B Phase, SW never exceeded this time and achieved a fastest time
of 379.78 seconds.

oy SUBJECT 4 SW: TIME TRIALS ON OBSTACLE COURSE
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(4NM), right anide dorsl flexion (6 NM), right hip adduction (18NM) leh hp
Wustrated in Figures 4a, 40, 4¢ and 4d. The raw data is located in Appendix B.
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SW also increased all her resistances on Nautilus and Universal as per Table

- m—

Aithough SW switched knee braces st critiosl times within the study, k is
belleved that by the time she began B Phase these eflects would have been
negiigible. N is reasoned that this would have been adequate ime 10 adjust 10
the new brace (8 weeks) as she used it to carry out all activities of dally iving.

Moderate increases are seen in SW's time on the cbetacie course at the
beginning of strength training. After the sixth week of training, SW improved
aimost 00 seconds from the last messurement prior 10 beginning her strength
training program. At the ninth week of training, SW had improved her tme on
the obstacie course over 120 seconds.

Neutiius and Universal (Table E) confirm that SW was indeed gaining strengih,
The moet substantial improvements were ocbserved in right knee flsxion and
right knee exiension over the last four weeks of training. As indicated earlier,
SW was weaker on the right side. It is believed thet this increase in strength
attributed 10 her decreased speed of walking on the obetacle course. In Figure
4, R is Mustrated tha. this time period is when SW expernenced the most
improvement on the cbetacie Course.
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Increases in right ankle plantar and dorsi flexion agree with the findings
of Perry et al. (1993) in that they are key components required in fast waking.
SW's increases in hip extension and moderate improvements in hip flexion are
similar to those results of BN and JP. Again, hip fiexion strength appears to
have a imited relationship to the speed of waking.

The results of SW's Cybex data as dispiayed in Figures 4a, 4, 4¢ and 4d
are indicative of a possible relationship between lower imb strength training
and the speed of waking on this obstacie course. In Cybex tests one 10 three,
SW showed no strength gains with the exception of ankie piantar fiexion and
There wouid therefore appear 10 be & siight relationship between SW's lower
#mb strength training and her improved speed of walking on the obetacle

SUAIECT 88 (wic

WK is male and had been injured for eight years prior 10 the beginning of
this study. WK was injured in an 8 metre fall and was comaloss for 98 days afler
his injury. WK was 27 years of age at the time of the study. WK had been a
previous participant at the Rick Hanesen Centre but quit going three years prior
10 the stat of the study. WX obiained grade 11 education and is presently
omployed part ime in & video store. WK was moderately motivated 10
participate in the siudy and mostly enjoyed the socialization and the renewal of
old acquaintances at the Rick Hansen Cantre. WX has not continued 10 train at
the Rick Hansen Centre since the compiation of this study.
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WK was able to work somewhat independently on his strength training
program. He had to be closely supervised during warm-up 10 ensure he did all
of the stretches. He has a lot of trouble counting and thus his repetitions for all
exercises had to be monitored ciosely. Some difficuity arose when he wanted
to do more than the required six to eight repetitions on his exercises. If the
researcher aliowed him 10 do as many as he wanted, he was unable (0
compiete the full three sets due to fatigue. There were aiso some questions as
to whether or not WK actually worked to fatigue as he gave up easily by his third
oot.

WK had many deficits as a result of his brain injury. WK is subject t0
emotional outbursts and dispiays some inappropriate social skils. WK has a
short term memory deficit and uses & memory book to assist himsell. WK walks
and icy surtaces. WK would probably be saler with an assistive device but
refuses 10 consider this option. Some of WiC's gait deficits include: forwerd
trunk lean, iateral lean loR, external rotation of the hip (right), hyper extension of
the right knee, excessive plantar flexion and toe drag of the right foot. From sel-
report and WiC's Cybex results, he is stronger on his let side than his rigit.
Jime.on Qhsetacie Coune

WK had a fairly unstable baseline as illustrated in Figure 5, but a
decreasing trend is not s evident as with the previous subjects. His tastest
time recorded during baseline was 00.45 seconds on his third trial. However,
afer his third week of strength training, his times remained below this speed.
Ouring baseline, WiX's average time 10 walkk was 77.90 seconds and during B
Phase he achioved an average of 67.00 s0Conds, FEPreseMing an iIMprovement
of 87.18 percent.
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Decreases were noted in the following: right hip extension (-5NM), leR hip
extension (-57NM), right hip fiexion (-SNM), left hip flexion (-6 NM), lek anide
plantar fisxion (-5NM), as iustrated in Figures Sa, Sb, 5¢ and 5d. The raw date
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SUBJECT #8 WK: RIGHT HIP CYBEX
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Qiscussion
WK's times on the obstacie course were unsiable until he began his

strength training program. After the second week of training, his times recorded
seemed 10 deciine in a more even manner, with the exception of his last
recorded time. WK's Cybex hip extension resuits in Figure 5d reveal similer
instability. WK seemed to increase in both right and left knee extension until he
began 10 strength train. After four weeks of strength training, theee showed
MOCerate Cecreases. ARter eight weeks of strength training, InCreases were
again seen in both right and left knee extension. Similar resuits are noted in hip
adduclion and hip abduction,

WK's improvement in right ankie plantar fiexion and anide dorel fisxion
and & Comeeponding decrease in time on the obetacle couree is in agreement
with Perry ot al. (1993) who state that thess muscies are most important for the
funcion of walking. As his right side is his weaker side, theee results would
further suppont his improved speed of walking. Other increasses of note on
WK's ioR side include knee extension, hip abduciion and hip atdducion.
Speoculatively, the improvement in knee exiension supports the conciusions of
Lankhorst et al. (1988) that the quadriceps are the most helphul for climbing of
sairs. WK decressed in both right and left hip flexion and extension. As with
the previous four subjects, hip flsxion strength does not seem 10 be related 19
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speed of walking on the obstacie course for WK.

w’r 2l 77
LH was the only subject who did not sustain a traumatic brain injury. LH

is female and became disabled as a resukt of a seizure 18 months prior to the

beginning of the study. Before experiencing her seizure, LH was empioyed as a
As a result of LH's seizure, she became a left hemiplegic. She waked

with the assistance of a cane and used the cane for aii tests performed on the
LH had several gait deficits which included: lateral lean 10 the rigit,

clroumduction of the hip, and 108 drag. LH was very sager 10 begin strength

training and was frustrated with the length of time taken 10 collect baseline deta.

LH had 1o drop out of the study at 12 weeks on the advios of her physiclan due

10 a diagnoses of breast cancer.

Time O Obatacle Cou

trend 1owards improving her time, without experiencing B Phase. For

Ouring the ssven wesks of baseline she averaged a decrease of 122.98

ssconds. During the ime frame in which Group 1 began B Phase, she
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increases in peak t0rque were noted for the following: right ankie dorsl

flexion (GNM), right hip adduction (11NM), left hip adduction (6), left hip
extongion (4NM), right hip extension (20NM), and et hip fiexion (SNM).
Decreases or no changes were noted in the following: right knee flexion
(-18NM), loR knee flaxion (-19NM), right knee extension (-26NM), leR knee
adduction (ONM), as ilustrated in Figures 8a, 8D, 8¢ and 6d. The raw data ie
1O recordings provided for her on Nautiius or Universal.
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(1]
Riacussion

The results of LH are perplexing. She did not make any significant
strength gains and in fact decreased on most measurements. Of note are right
and left knee flexion and right knee extension. Further large reductions were
seen in hip adduction and hip abduction. The only large improvements were
seen in left hip extension. As she did not make any strength gains, her
improved time on the obstacie course can not be attributed to increases in
strength.

The only explanation available is that LH may have improved her times
due to practise. In addition, LH began a new volunteer position after the third
week of the study. When questioned about her surprising improvements, she
indicated that she was getting out more. Thus, her improvements could be
attributed 10 increased daily walking.
that LM did not have a traumatic brain injury and she had very clear hemiplegic
galt. The other subjects tended 10 have a weaker side but did not display “true”
hemipiegic gait as LH did. Another possible expianation is that, out of all of the
specuiative at best but lead 10 some ineresting further research implications.
GRQUP 2 SUMMARY

SW and WK did not exhibit any major inCreases in speed of walking uni
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frame. Again, knee extension and ankie piantar flexion and ankle dorsi flexion
strength seemed to be related to these gains. As demonsirated by subjects BN
and JP, hip flexion appeared to be the least related 10 improvements in speed of
walking. These findings agree with the kterature that has been reviewed.

2. GROUP DISCUSSION
provements were ocbeserved in all subjects in their speed of waking the
obstacie course. The results of subjects BN, JP, and SW revealed a possible
relationship between lower imb strength training and speed of walking on this
obsiacie course. Although WX improved a substantial amount, his baseline
data is variable and thus difficult to draw conciusions from. The results of GH
revealed only a moderate relationship and no relationship was found for LH.
LH's improvement in time on the obstacle course was discussed as a polential
conciugions drawn by Nakamura ot al. (1985), Bohannon (1988), Lankhorst, et
al. (1988), Bohannon (1900) and Perry ot al. (1993). Ahough these authors
polio syndrome 10 draw conclusions, the relationship established within this
sludy of subjects with a traumatic brain ‘njury supports their indings.

The use of the single-subject multiple baseline across subjects ressarch
design in this study weekens the relationship found for increased strength of the
results of Subject #2 JP (Figure 2) can be used %0 expiain the possible
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analyzed based solely on pretest/post-test, the sharp decline in the first four
triais and steady decine after beginning strength training wouid not have been
obesrved. The shamp deciine could possibly be due 10 learning effects on the
been reporied as increasing a total of 22 seconds overall. if enough subjects
were used in the study, surely this finding would have been significant.

The decreasing trend observed in all subjects during baseline can be
attributed to many factors. Subjects BN, JP, GH, and LH had been attempting
for some time to become invoived in the Rick Hansen Centre but were unabile to
due 10 long waiting lists. By being invoived in this study, the subjects had 0 go
10 & novel environment where they all received individual attention which
their strength training programs. Perhaps this was due 10 funclional
improvements, but was more ikely due 10 the enhanced well-being of an active
Mestyls. Four out of the six subjects continue 10 strength train as & reeult of
commitmentis and another is unabie 10 continue on the advics of her physician.

Difficulties with subject motivation were encountersd in all subjects with
the exceplion of BN. Again, this may not have been determined using a group
pre-test/post-test design. A further challenge for the ressarcher was 10 remain
and times had 10 be carelully recorded for subjects. In addiion, conetant



IA)
research protocol with the subjects was realized when SW switched braces and
when LH bacame more active in the community. Akhough not desirable for
research, ethically subjects could not be restricted from undertaking these
activities. Finally, GH's sudden desire to quit without explanation further
exempified the difficulty of performing research with this group.



CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Five subjects that participated in this study had sustained a severe
traumatic brain injury as defined by their length of coma after injury. The sixth
subject had suffered an internal brain injury as a result of seizure.

A single subject, multipie baseline across subjects research design was
utilized to determine if there is a relationship between speed of waking on this
improved substantially in their time to wak the obstacie course, only three out of
the six subjects demonsirated evidence of this relationship. Two subjects
10 variability in the data.

Agreement was found with the iterature in that increased strength of the
M subjects improved their strength in at lsast some of their lower limb muscle
groups as was determined through Cybex measurements and increases in
outined. The muititude of deficits that this group can potentially have make this
group most interesting and challenging for future research. Due to their
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group had been used in this study who were familiar with the Rick Hansen
Centre environment, tha effects of strength training only may have been more
clearty revealed.

Conciusions

The initial question of this thesis asked whether strength training of the
lower imbe couid enhance the functional locomotor gkilis of persons with a
traumatic brain injury. As the results of the speed of walking on the obstacle
course and the results of the subjects’ Cybex tests and their increases in
resistances on Nautilus and Universal reveal, it was determined that there
appeared to be a relationship between these two variables.

The muscie groups that seemed 10 be related to the improvement in
improved muscle strength of the quadriceps lead 10 enhanced speed on the
cbetacle course due t0 the subjects’ improved ability 10 traverse the stairs. This
relationship was determined 10 be inconciusive as separate times wem not
walking in subjects with post-polio syndrome. Perry et al. did find a relationship
findings of this study also revealed that there doss not appear to be a

A further question this thesis set out 10 answer was whather or not the
funciional improvements informally cbeerved in persons with a traumatic brain




74
injury performing in exercise programs were due to the exercise program. After
analyzing the results of testing using single-subject, multiple baseline across
subjects research design, there appears to be some support for this idea.
Subjects in Group 2 who remained at baseline while subjects in Group 1
periormed strength training, showed very little improvement in their speed of
waking on the obstacie course. Once subjects in Group 2 began their strength
training program, decreases in their time t0 walk the obstacie course were
obeerved. These decreases were most noticeable at the sixth to ninth week of
resistance training. This is imporiant as, according to the iersture, it is well
known that this is the time frame in which strength gains are recorded.

In conclusion, the prescription of a fitness program to this population
ocould possibly serve as a long term form of rehabiltation t0 enhance the
particuler a strength training program. The results of this gjudy indicate that at
lsast one component alnhm:mﬂnhﬂwm‘ functional slkille
wmtﬁlmmwyw mmmm
subjects in many aras including walking ability, severity of injury and time
wore reviewed 10 ilustrate the danger of making a Type | eror if traditional pre-
Bet/post-toat designs are Used. Thus, it is highly recommendad that future
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research with this population be conducted using a single-subject design when
possible.

As a result of this study, severa! further research impiications arose. With
specific reference 10 GH, are traditional strength training regimes appropriate for
this population? Related to this question is t0 further determine the role of the
other fitness components of muscular endurance, cardiovascular conditioning,
and flexibility in improving this population's overall functional abilities. With
reference 10 LH, would practise in the community have more of an effect than
strength training on this popuiation's functional skiis? Through subjective
obeervations, all subjects reported an enhanced feeling of well-being. The
peychological ramifications associated with an increase in a feeling of well-
being reported by the subjects couid be further researched.

Tests of specific functional skills and their relationship to physical finess
should be further investigated. ARthough an attempt has been made with this
study 10 examine this question, ressarch of these effects should be taken out of
the laboratory and into the community. Athough these subjects improvad thelr
8peed 10 traverse a set of stairs and a ramp, can they now reach a bus siop
quicker, or answer a phone in their basement more efficiently? it is highly
recommended that an attempt be made 10 answer these questions in future
ressarch endeavours.
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APPENDIX A

SUBJECT TIMES ON OBSTACLE COURSE (SECONDS)
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BN (Subject #1) JE(Sublect #2)

faasiine Aaasling

5 March, 1993 44.08 S March, 1993 Absent

12 March, 1993  39.52 12 March, 1983  70.85

19 March, 1993  38.67 19 March, 1993  70.36

28 March, 1993  40.70 26 March, 1993  64.42

2 April, 1983 38.38 2 April, 1993 683.58

8 Aprii, 1983 38.70 8 April, 1993 Absent

18 April, 1983 38.02 18 Aprii, 1993 57.44

8 Phase/Begin Str. (04/19) B Phase/Begin Str. (04/19)
23 April, 1903 37.70 23 April, 1993 54.61

30 spn), 1903 35.20 30 April, 1983 51.48

7 May, 1903 34.18 7 May, 1993 55.58

14 May, 1903 3N.97 14 May, 1993 53.53

21 May, 1983 g 21 May, 1963 52.08

28 May, 1903 30.18 28 May, 1903 58.22

4 June, 1993 31.28 4 June, 1903 56.38

11 June, 1963 Absent 11 June, 1993 51.42

18 June, 1903 31.28 18 June, 1903 51.08

28 June, 1993 70.13 25 June, 1993 51.34

2 July, 1983 20.09 2 July, 1903 53.70

9 July, 1963 20:58 9 July, 1983 47.42

16 July, 1963 68.77 16 July, 1993 47.45

23 July, 1983 27.89 23 July, 1993 49.91

30 July, 1903 30.67 30 July, 1903 52.55

6 August, 1983 29.14 6 August, 1993 48.61

13 August, 1863  28.37 13 August, 1993  45.77

20 Auguset, 1903 28.08 20 August, 1993 48.20
Seseline Average = 30.72 Seconde Beseline Average = 86.33 Seconde
S Phase Average = 31.33 Secconds 8 Phase Average = §51.08 Seoends
Poroont improvement s 70.00% Poroont improvement = 70.99%



APPENDIX A

SUBJECT TIMES ON OBSTACLE COURSE (SECONDS)

5 March, 1993 183.29 $ March, 1993 Absent
12 March, 1993  202.11 12 March, 1993  813.87
19 March, 1993 171.54 19 March, 1993  690.10
26 March, 1993 195.27 26 March, 1993  704.57
2 April, 1993 210.35 2 April, 1993 696.30
8 April, 1993 162.33 8 April, 1993 516.10
18 April, 1993 173.50 16 April, 1893 725.67
8 Phase/Begin Str. (04/19) 23 April, 1993 571.22
23 April, 1993 1068.44 30 April, 1993 Absent
30 April, 1993 139.89 7 May, 1993 Absent
7 May, 1993 164.90 14 May, 1993 620.82
14 May, 1993 171.67 21 May, 1993 630.06
21 May, 1993 174.804 28 May, 1993 542.08
28 May, 1093 152.74 4 June, 1993 534.25
4 June, 1993 154.07 11 June, 1693 542.08
11 June, 1993 injured 18 June, 1993 538.95
12 June, 1933 Quit B8 Phase/Begin Str. (006/21)
25 June, 1993 502.64
2 July, 1993 498.29
9 July, 1993 487.39
18 July, 1993 494 .31
23 July, 1993 462.43
30 July, 1993 443.27
6 August, 1993 452.65
13 August, 1993 381.04
20 August, 1993 379.76
Dassline Avernge = 106.40 Seconds Baneline Average = $24.00 Seconhds
D Phase = 10068 Seconds B Phese Average = 455.54 Seconds
Percont improvement = 08.00% Porcomt improvement = T2.0T%



APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

LEXION/EXTENS

Right 60  Right 106
Left 42 Left 90

IEST 2 (16 MAY 93)
Right 60  Right 116
Left

48 Left 100
| Exanaion
Right 54 Right 108
L 55 Let 110

Right 38  Right 7
Left 43 Left 19

Rigtt 38 Righ* 9
Lot 42 Let 12
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APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

Elexi Extension

Right 49  Right 98
Left 42 Lot 68

Right 42 Rignt 73
Leh 37 Let 90

Abgucti Adduction

Right 31  Right 43
Let 29 Left 56

Abduction  Adduction

Right 42  Right 90
Let 37 Let 94

\bduction  Adduct
Right 34  Right 36
Let 38 Leh 68

Abduclion Adduction

Right 42 Right 78
Let 36 Let 106

shduction  Adduction

Right 38  Right 61
LR 37 Lek 089



APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

SUBJECT #2. JP

KNEE ELEXION/EXTENSION ANKLE PLANTAR/RQRS]..
IEST 1 (18 APR.S3) IEST 1 (18 APR.83)
Elexion Extension Blantar Dorsi
Right 40 Right 60 Right 7 Right 5
Left 40 Left 83 Lef 28 Left 8
IEST 2 (18 MAY 93) IEAY 2 (16 MAY23)
Elsxion Extansion Blantar Dorai
Right 31  Right 48 Right 15 Right 7
Lot 43 Let 86 Lot 28 Let 6
IBAT 3 (14 JUN.S2) IRET 3 (14 JUN. &3}
Elsxion Exiansion Blantas Daral
Right 36  Right 72 Right 18 Right 9
Lot 48 Let 96 Lok 26 Lek 8
IEAT 4 (18 JULEN IRST 4 (18 JUL. 83)
Elaxion Extansion Blentac Dorai
Right 36 Right 84 Right 25  Right 11
Lok 48 Lot 96 LeR 36 Lek 12
IREY B (20 ALG.AD) IRAT & (20 AUG.ED)
Elazion Extansion Elaniar Docai
Might 46 Mignt 80 Might 24 Right 14
Lok S3 Lek 104 Lok 290 Lokt 18
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APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

SURJECT #2: JP

IEAT 1 (18 APAR.23)
Elexion Extansion
Right 24  Right 36
Left 18 Left 49
IEST 2 (18 MAY 83)
Elaxion Extension
Right 25 Right 76
Lot 34 Left 72
IREY 3 (14 JUN.23)
Elaxion Extansion
Right 13  Right 44
LR 24 Lemt 70
IRSY 4 (18 JUL.82)
Elaxion Exiansion
Right 290 Right 60
Lok 48 Lot 96
IRAT B (20 ALG.22)
Elaxion Exiansion

Rigt 18  Right 36
Let 19 Let 26
Abuction  Adduct

Right 26  Right 36

Let 18 Let 28

Right 24  Right 42
Lot 10 Lemt 15

Right 36  Right 84
Lot 34 Lek 43

Might 24  Right 69
Lok 19 Let



APPENDIX B
CYBEX RAW DATA /PEAK TORQUES (NM)

SURJECT £3: GH
N
IEST 1 (18 APR.8])

Elexion  Extension

Right 60  Right 96
Left 68 Left 101

JEST 2 (168 MAY 93)
Elaxion  Extension

Right 86 nmm 168
Lot 48 104

Lo 32 Left 114 Lot 36 Lot 108
Agnt 32 Right 72 Right 40  Right 50

Lk 37 Let 68 Lok 38 Lokt 68
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CYBEX RAW DATA - '+ - S (NM)
SUBJECT #4: SW
KNEE ELEXIQON/EXTENSION
IEST 1 (18 APR.83)
Right 36 Right 71 Right 12 Right 5
Let 38 Left 102 Let 30 Let 8
JEST 2 (16 MAY 93)
Elsxian Extension
Right 38 Right 66 Right 19 Right 8
Let 43 Left 92 Lot 24 Let 9
Right 36 Right 66 Right 12  Right 4
Lot 53 Left 919 Let 35 Left 13
Right 38 Right 76 Right 18  Right 6
Lok 42 Leh 08 Lot 24 (Lo 8
Might 83 Right 95 Right 22 Right 11
Lok 48 Lok 99 Lok 26 Lok 12



APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

Right 36  Right 76
Left 26 Left 62

Rigt 26  Right 52
Lot 24 Left 49

Right 27  Right 48
Lek 30 Let 30

Eiai Extenaion

sbduction  Adduction

Right 30 Hlﬁht 43
Left 8 Left 37

EST 2 (18 MAYS:
soduction  Adduuctior

Right 12  Right 30
Lot 12 Lot 24

ﬁlomii Right 36
Leh 12 Let 30

IEST 4 (10 JUL. 83)

Right 17 Right 24
Lok 14 Lot 34

Abduction  Adduction

Hﬁiﬂ ﬁcﬂﬂ
Lok 37 Lokt €9
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APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

Right 22  Right 65
Let 80 Left 26

Elaxion Extaoaion
Right 24  Right 66
Let 24 Lot 80
Right 36 Right 74
Lot 36 Lot 72
IESY 4 (18 JUL.S3)
Right 290 Right 65
Lok 25 Leht 65

2
%
i
aod

Right 4  Right 0
Left 18  Right 3

Right & Right 0
Left 12 Let 4
Right 12 Right 6
Lot 18 et 8
Biantar Dorsl
Right 12 Right 6

Right 11 Right 10
Lsk 12 Lok 8
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APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

Right 30 Right 50
Lot 20 Leht 52

» Adduction

Right 6  Right 9
Lot 6 Let 12

Right 9 annuz
Lett

é Left 13




APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

Elaxi Extansic

Right 34  Right 54
Left 21 Let 24

Elsxion  Extension

Right 30  Right 56
Let 5 Let 18

Right 18  Right 28
Lk 2 Let 24

Right 30 4
Llet O 0

Plaat Dora
Right 38  Right 10
tek 0 Let O

Right 24  Right 12
Lk O Let 0
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APPENDIX B

CYBEX RAW DATA /PEAK TORQUES (NM)

Right 24  Right 34
Leh 13 Let 36

IEAT 2 (18 MAY 33
Eiaxias Extansior

Fight 24  Right 54
Lot 17 Let 26

Flaxic Exiansi

Right 24  Right 54
Leh 18 Lok 40

Right 7  Right 24
Leh 0 Lot 12

Right 28  Right 43
Lot 12 Left 1§

Abduction  Addugtior

Right 18 Right 28
Lot 6 Let 12



