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ABSTRACT -
An interval training based exercise program (Group 1), a

progressive resistance exercise program (Group 2), and a home exercise

program (Group 3) for rehabilitation of subjects after knee injury and
.surgery were compared.

Fifteen subjects were matched and assigned to one of the three
groups. ILsokinetic endurance and peak torque of quadriceps and
hamstrings at 60 and 180 deg/sec were measured preoperatively or post-
injury, after three weeks of treatment, and after *six weeks of treat-
ment; Subjects in the home program group were given exercises to
perform aF‘least three times weekly, and were directed to participate
in physical activity as tolera;ed- All other subjects attended three
treatment sessions/week for six weeks. -

Significant differences between pretest injured and uninjured
legs for quadriceps peak torque at both speeds were noted among all
subjects (p<.05). ‘:D

No significant differences among groups were found on posttest
scores of the ipjured leg when pretest scores were used as the
covariate (p<.05). No significant differences existed among groués for
posttest differences between injured and uninjured legs. The posttest
injured leg scores were significantly lower than the uninjured leg
scores for quadriceps torque at 60 deg/sec (Groups 1 and 3) and at 180

deg/sec (Group 1). Exercise heart rates of subjects who performed

{nterval training based exercise decreased significantly with

iv



treatment.
Few changes were noted in scores of the uninju{'ed leg over time
or in uninjured leg scores among groups.

These results suggest that six weeks of rehabilitative exercise

%ﬁc be sufficient to return quadriceps strength to normal levels.

Res\ults also suggest that home exercise programs may play an'importanc
role in rehabilitation and should not be overlooked. Interval training

based exercise may help to augment cardiovascular fitness and should be

explored further.
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CHAPTER I -

i Introduction

Musculoskeletal injury commonly results in decreased function of

a limb- and may necessitate a period of immobilization or decreased

activity for healing to occur. n some instances, surglcal
intervention ierequired\kgféééititate a return to-normai functlon.
" Prolonged disuse or decreased activigy subsequent to injury and surgery
cause disuse atrophy, decreased muscle strength, decreased anaercobic
and aerobic capacities of muscle:

Rehabilitative exe;cise can play an important role in the return
of an {njured limb to norﬁal function. Rehabilitation“of musculo-
skeletal injuries has long Eeen centered around strengthening atrophic
-muscles through performance of concentric progresiive resistance and
isometric exercise. These e#ercises impose an overload on the
contractile elements of muscle, causing adaptations often measured as
stre&gth increases. .The development oé the lsokinetic dynamometer has
introduced an effective method of ﬁeasuring and recording~musc1e torque
generated through a continuous range of motion. Use of the isokinetic
dynamometer has revealed noteable defiéits at high angular velocities
of contraction of knee musculature in postmenlsectomy patientsleven
after rehabilitation. These findings suggest that conventional

rehabilitative exercise may be less than completely adequate in

" Teturning ;?e injured limb to a normal level of function.

o



Interval training is a method of athletic training designed ro
enhance energy production for physical work through periods of
alternating work and rest. Through manipulatidn of duration, intensity,
frequency, and workload of work and rest intervals, overload is imposed
on the alactic (ATP—CP), lactic (glycolytic) and/or oxidative (02) 1
: systeﬁs- This overload appears to augment performanée.

. InterQal training is commonly used by athletes ;hoge programs
include running, swimming and cycling. _Application of the principles
of interval training to rehabilitative exercise should be explored.
Such‘use may introduce lancreased specificity of exercise, to overload

both the metabolic and contractile elggeqts of the muscle, and hasten

return of completely normal function to the injured limb.



- CHAPTER II

Review of Literature

L4

‘The Effects of Immobilization and Inactivity on Skeletal Muscle

The effects of limb immobilization Have been studied both in
animals and in humans (Boot; and Kelso, 1973; Booth, 1977; MacDougall
et al., 1977; 1980). The present review will'be limited to an
éxamination of the effects of immobilization on human skeletal wuscle.

Joint immobflization has been shown to produce significant dis-
use atrophy of involwved muscles, as indicated eilther by decreased limb
girth measurements {(MacDougall et al., 1977; 1980; Patel et al. 1969)
or by reduced leg volume (Sargeant and Davies, 19?7; Davies and
Sargeant, 19755. Maximal isomerric and concentric isotonic contrac—
‘tions, as well as isckinetic peak torque of muscles acting upon
immobilized joints, have all been .reported to decrease significantly

‘ (MacDougall et al., 1977; 1980; Grimby et al., 1980).

Biochemical analyses of muscle biopsies from immobilized muscle

<

H
.have ‘revealed various metabolic changes. Oxidative capacity has been

shown to decréase (Eriksson, 1976; Costill et al., 1977). Iatra-
muscular concentrations of creatine phosphate (CP), creatine and
glycogen have also been reported to decrease (MacDougall et al., 1977).
While the number and percentage of each fiber type in muscle has
been_reported to remain constant wfEh immobilization (MacDougall et

al., 1980) significant decreases in both type 1 (slow twicch) and type



£~
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1T (fast twitch) muécle fiber areas have been reported {MacDougall et
al., 1980; Grimby et al., 1980; Sargeant et al., 1977). There is a
controversy over which muscie fiber type demonstrates the greatest
atrophy. MacDougall et al. (1980) reported greater decreases in type
II fiber areas {in triceps brachii), wheréas Sargeant et al. (19?7)
reported greater atrophy of type I fibers (in vastus lateralis).

Atrophic changes 1n skeletal muscle have also been noted in cases
of long standing knee joint dysfuncciqn. Edstrom (1970) found
selective atrophy of type I fibers in patients with six month to fodr
yea} histories of knee joint instability due to anterior crucilate

insufficiency.

Joint injury, dysfunction, and surgery may all cgusé pain and
effusion In affected joints. The effusion may play aun important paft
in the degelopment of subsequent muscle atrophy. Knee joint effusion
has been ggported to cause an inhibition of quadriceps femoris
contraction, and hence, a type of disuse (deAndrade et al., 1965;
Jayson and Dixon, 1970; Strafford, 1982). Joint capsule edema and
sectioning of the joint cépsule afferent innervation have been reported
to cause inhibitlon of muscle contraction and thus may lead to disuse
atrophy (Gardner, 1948). DeAndrade et al., (1965) demonstrated that
edema, even before pain, could cause sufficient reflex inhibition of
the muscle's affereant input to cause atrophy. In addition, pain
inhibits the monosynaptic reflex to tonic motor GniCS, while severe
pain inhibits the monosynaptic reflex to both tonlec and phasic motor
units (Gydikov, 1976). Eriksson (198l) found evidence to support this

proprioceptive influence of motor units. When an anaesthetic epidural

(afferent) block was 5;;; ou patients with postsurgical quadriceps



dysfunction, integrated electromyographic activity increased more than
ten fold. All of these symptoms may also contribute to patient
inactivity. Prolonged inactivity has been reported to cause
significantldecreases in oxidative capacity of muscle, particularly in

slow twitch fibers (Saltin and Rowell, 1980).

The Use of Arthroscopy

The iatroduction of arthroscopic investigation and arthroscoplc
surgery has dramatically alte;ed diagnosis and treatment of knee joint
dysfunction. These procedures can be carried out on an outpatient’
basis thus shortening hospital stay and reducing surgical costs. 1In
addirion, decreased postoperative swelling, decreased time on crutches,
decreased rehabilitation time, decreased time to full activity, work,
and sport have been noted (Pettrone, 1982; Guhl, 1979). A patlent who
had undergone a menisectomy via arthrotomy may have spent up to three
weeks with the leg in a soft dressing, ambulated with crutches, and
performed only isdﬁetric contractions of.muscles of the affected leg
before formal rehabilitétion could begin. With arthroécopic partial
menisectomies the patient can begin éeightbearing as tolerated with
crutches immediately after surgery and can begin full rehabilitation
immediately after surgery. Where arthrotomy involves cutting the joint
capsule, synovium, and the knee extensor mechanism and subsequent
suturing, arthroscopy ianvolves two to five insisions of six to twelve
mm into the suprapatellar pouch and joint that seldom require sutures.
“The polypuncture techniques combined with percutaneous intraarticular
manipulation of the scope and tissue allow visualization and

examination of the total joint™ (Basset and Whipple, 1978), as well as



additional surgical intervention, including partial menisectomy. -
Removal of only the segment of the meniscus that appears to be causing
the knee problem leaves the patient with part of the meniscus that can
continue to provide its important weightbearing function (O'Donoghue,

1980).

Rehabilitative and Strength Training Exercises

Rehabilitative exercises for the knee after i;jury and surgery
have taken many forms. Most programs have stressed the development of
muscle strength and have focused on strengthening exercises Egr muscles
crossing the knee joint (Cassell, 1973). Exercise regimes have most
commonly included: 1. isometric contractions; 2. concentric
progressive resistance exercises (DeLorme, 1945; Zohn and Leach, 1964;
0'Donoghue, 1976; Malone et al., 1980); 3. isokinetic exercise (Malone
et al., 1980); and 4. cycling and bicycle ergometry. The latter have.
been included for development of endurance {(Q'Donoghue, 1976; Costill
et al., 1977; Malone et al., 1980).

Campbell and Glenn (1979) examined muscle torque of patlents who
had undergone menisectomies five to fifteen months earlier, and who had
" participated in extensive rehabilitation programs that emphasized
progressive resistance exercise. The authors reported similar peak
torque measurements between legs at a slow speed of isokinetic
contraction but significant differences in both knee extensors and
flexors at high speed. These findings suggest a need for modification
of rehabilitation programs to develop greater torque at high speeds of

contraction through increased specificity of training.

In order to develop more specific rehabllitation techniques, one



must first examine muscle strengthening techniques. Concentric
progressive resistance weight training has been shown to effectively
facrease muscle strength (DeLorme, 19453). DeLormé developed the
concept of 10 Repetitlons Maximum, (10RM), the weight that an
individual could move through a specified range of motion ten and only
ten times. DeLorme initially advocated seven to ten sets of repet—
itions, performed against a weight that was to be increased through the
workout so that the last sét was performed against the 10RM resistance
The 10RM was to be increased whenever weekly retests demonstrated that
the subject could perform more than ten repetiqions in one set. After
further research, DeLorme and Watkins (1948) reported that three sets
of repetitions , performed at one-half 10RM, three-quarters LORM and at
10RM respectively, produced similar gains in muscle streagth.
Scientists have since demonstrated that a range of sets,
repetitions, and resistances c¢ould effectively strengthen muscle
(Berger 1962a; 1962b; 1963; 1965). Hence, three sets of six to ten
repetitions at 6RM to 10RM are now consideréd to be the most-effective
for muscle strengthening through concentric progreésive resistance
exercise. Recommendations ia the literature fpr rest intervals between
sets of exercises have varied from three minutes (Clark et al., 1954)
to five and even ten minutes (Lamb, 1978). Clarke (1973) and Gilliam

\

(1982) have found the most effective frequencies of strength training
1

to be three to five times per week. Strength gains have been noted
from programs of six to twelve weeks in duration (Berger, 1962a; 1963;
1965; 0'Shea, 1966). However, strength at twelve weeks, was shown to be

significantly greater than strength at six weeks (Berger, 1962a).

Eccentric progressive resistance exerclse has also been shown to



increase muscle strength (Komi and Buskirk, 1972; Johnson et al.,
1976). Wwhile Komi et al. (1972) found greater gains with eccentric
training than with concentric training, Johnson et al. (1976) found no

difference between the two methods.

For isometric muscle strengthening exercise, a range of effective

. e

intensity, duration and frequency has been established. Daily maximal
voluntary contractlons of five to six seconds appeaf to be the most
effective method of increasing isometric strength (Muller, 1962;
Mevers, 1967).

Isometric exercises are easily performed and require little time

and equipment. While some studies have found that isometric strength
training was preferrable to concentric strength training after injury,
many studies have indicated that there was little significant transfer
of strength gain from isometric training to dynamic performance {Lindh,
1979). Knight et al. (1979) demonstrated that integrated
electromyographic activity of all superficial muscles of the quadriceps
femoris was greater durinmg concentric resisted knee extension than
during resisted straight leg railsing, and thus suggested that the
isotonlc movement was preferrable for the purposes of muscle
strengthening.

Isokinetic exercises have been shown to be effective in
increasing muscle strength (Coyle et al., 1981; Pipes et al;, 1975;
MacDougall et al., 1980). Muscle strengthening exercise can be

performed on an isokinetic device such as the Cybex II or Orthotron

{Lumex, Inc.):

“...the lsokinetlc dynamometer consists bl
of an electromechanical device that keeps

limb motion at a constant, preselected

L
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velocity. Force applied by ‘the subject

is met by an equal counter—force. The
lever arm of the dynamometer is mechan—
ically prevented from surpassing a pre-
set and coastant speed- Increased mus-—
cular ocutput produces 'increased resistance
rather than Iincreased acceleration and

the resistauce is proportional to the
dynamic tension produced in the muscle

at every point in its range of shorten-
ing. Maximal force applied by the subject
is met by a maximal resistance with the
force being. recorded externally as torque.”™
(Barnes, 1980, p. 714).

S

In the Cybex II, an electrogoniometer and dual channel recorder provide

continuous graphical recording of the torque throughout the range of

motion. Validity and reliability of the measurements have been

demonstrated {Moffroid et al., 1969; Alexander and Molnar, 1973;

Mawdsley and Knapik, 1982).

Strength training has been reported to cause muscle hypertrophy

reflected in increased muscle fiber area (MacDougall et al., 1980).

Increased limb circumference after trainf;g however has not been

reported consistently. 0'Shea (1966) and MacDougall et al. (1977)

found increased limb girth after strength training; Liberson and Asa

(1959) found no significant increases. These results may reflect

variations in thickaess of subcutaneous fat and connective tissue and

should lead one to minimize the reliability of girth measuremeats in

assessing actual muscular hypertrophy.

A final consideration when examining muscle strengthening

modalities is that of cross transfer of strength from the exercised to

the unexercised, contralateral limb. Conflicting results have been

reported in the literature. While Hellebrandt (1951), Darcus and

Salter (1955) and Rasch and Morehead (1957) have demonstrated a cross

transfer effect, Muller (1957) and Gardiner (1%63) reported no evidence

®
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of such a contralateral strength increase.

Dominant versus Non Dominant Leg Strength

Normative data comparing leg strength of the dominant versus non
dominant iegs offer é rangé of findings in the literature. Goslin and
Charteris (1979) defined the dominant leg as the one that generated the
greatest torque. They studie? thirty male and thirty female
nonathletic university students. Quadriceps and hamstring peak torque
at 30 deg/sec in the non dominant leg was 86.7{ of the dominant in
males and 8l.2% of the dominant in females.

Patten Wyatt and Edwards (198l) defined dominant as the leg with
which a subject would kick a ball. They reported that in a population
of 50 nonathletic males, non dominant peak torque of quadriceps and
hamstrings at 60 deg/sec was 974 oﬁ the dominant torque anqythat at 180
deg/sec the non dominant was 97X and 98% of the dominant for these
muscle groups. They §0und that in 50 nonathletic females, non dominant
quadriceps and haastrings peak torque at 60 deg/sec and 180‘deg/sec

were 997, 99%, 997 and 974 of the dominant leg respectively.

-

Interval Training

Interval training is a type &f athletic training that involves
performance of a series of bouts of. exercise interspersed with rests or
relief intervals. :The intermittent nature of this work enables the
subject to perforam more work before the onset of fatigue than would be
fossible if the work were coatinuous {(Mathews and Fox, 1976). Interval
training has been used to train the alactlic system (AT?—CP), lactic

system (glycolytic), oxidative system (TCA-ETS) or a combination of

P
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these systems through overloading the appropriate system(s) (Holleéing
et al., 1971; Fox et al., 1977; Eddy et al., 1977; Ready, 1977).
Overload can be imposed througM manipulation of: rate of work; number
of repetitions and sets per workout; duration of relief interval; type
of ‘activity during relief interval; and frequency of tr;ining per beek
(Fox and Mathews, 1974). -

Strength training exercise is typically performed in intervals of
less than thirty seconds, using the ATP-CP system. Thus, interval
training for the ATP-GP system 1s of ‘particular interest for the
present study. During the first ten to thirty seconds of strenuous
exercise, energy for muscular contraction is supplied primarily through
the ATP-CP system (Margaria, 1964; 1967; Margaria et al., 1969; Wenger
and Reed, 1976; Karlsson et al., 1975). Creatine phosphate (CP)
depletion is proportional to thenintensity and duration of dynamic work
(Hultman et al., 1967). Repletion of endogenous ATP and CP stores

occurs through the oxidative system (Astrand and Rodahl, 1977; Fox,

of

1973). 1In thirty seconds of rest after strenuous exercise, flfty

percent of the endogenous ATP and CP is restorede (Margaria, 1967). In
’ L ]

two minutes of rest, all stores of ATP and CP are restored (Hultman et
al., 1967; Fox, 1973). Fox and Mathews (1974? have recommended a work
to rest ratio of 1:3 in order to overload recovery of this alactic
system.

An interval training based rehabilitative exerc?se prog}am may
offer a method of stimulating both the metabaiie’and contractile
systems of the muscle which are affected after injury. Such a program

may hasten the return of the injured limb to a2 normal level of

function.
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Rating of Perceived Exertion

5.

Psychophysical scales of rating of percelved exertion (RPE) have
been shown to link an individual's perception of physical work
performed with the physiologicél responsas of her/his body to work
{Borg, 1973; Borg and Noble, 1974). RPE has been shown to provide
informationrabout exertion, fatigue, pain, discomfort, and other
" variables of work performed in physical Eherapy (Borg and Noble, 1974).
RPE scales have been tested with a va;iety of exercise protocols; - théir

validity and reliability have been demonstratedBorg and Noble, 1974.

-

Purpose:

The purpose of the present study was to evaluage and compare the
effecés of three programs of rehabilitative exerclse after arthroscopic
surgery or ligamentous sprain of the knee: 1. supervised interval

-traihing based blcycle ergometry and progressive reslstaance exercilse;
2. supervised untimed progressive resistance exercise; and 3. unsup-—
ervised exercise and activity. Peak torque of knee musculature at
low and high speeds of isokinetic contraction and isokinetic endurance
were examined in the injured leg .preoperdtively and postoperatively
before and after six weeks of treatment. These variables were examined
in the uninjured leg before treatmeant, after three and six weeks of
treatment. Statistical analyses were used to demonstrated whether: 1.
the programs differed In their ability to promote the return of normal

function to the postoperative leg; 2. the injured leg was weaker than
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the uninjured leg preoperatively and posttreatment; 3. strength

changes occured in the uninjured leg over the time of the experiment.

Null HypotheseL:

Hol:

Ho2:

Ho3:

Ho4:

HoS:

Hob:

Ho7:

Ho8:

I

There isLﬁE/significant difference in peak torque

between the uninjured and injured legs before treatment.

PT uninjured = PT injured

There is no significant difference in endurance between
the uninjured and_injured legs before treatment.

End uninjured = End injured

There is no significant differ®ace in peak torque

among the three groups? after treatment.

PTL = PT2 = PT3

There 1s no significant diffefg;ce in endurance amoug

the three groups after treatment.

Endl = End2 = £€nd3

There 1s no significaﬁt difference in peak torque
difference scores among the three groups after treatment. -
PT Diffl = PT Diff2 = PT DIff3

There 1s no significant difference in endurance
difference scores among the three groups after treatment.

EDLiffl = EDiff2 = EDLiff3

There is no significant difference 1n peak torque of the
uninjured leg at zere, three and six weeks of treatment.

PT at O = PT at 3 = PT at b6

There is no significant difference in endurance of the
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uninjhred leg at zero, three and six weeks of treatment.
End at 0 = End at 3 = End at 6
There is no significant difference in ratings of

perceived exertion of exerclse between the two supervised
o *
exercise groups. '

RPEl = RPE2



CHAPTER IIIL

Methodology’

Clarification of Terms

a. Knee extension represeated an active range of motlon of the

quadriceps from approximqteiy 90 degrees of-flexlon to full extension.

b. Knee flexion represented an active range of motion of the

hamstrings from full extension to approximately 90 degrees of flexion.

c. Peak torque of both knee extensors and flexors were measured

at 60 deg/sec and at 180 deg/sec.

‘i;_’jsdurance was measured on both knee extensors and knee
_ lexors at 180 deg/sec.

e. Diffgrence séores were equal to the péak torqué or endurance
measurements ff the uniﬁjured leg minus the peak torque or
endurance measurements of the postoperative %eg.

f. 10RM represeﬁted 10 repetitions maximum, the weight that a subject
could move through a specified range of motioﬁ 10 and only 10 times.
In this study, LORM* was used to refer to the weight that a
subject could contract agalnst between 9 and 12 times.

g. For subjects with ligament sprains, pretest scores of the
unLnjured leg were assigned to the injured leg as pretest_scores;

h. Pretest scores were derived from the initial (preoperativé) testliag

session. .

i. Week 3 Scores were derived from the test sessions held after

15 -~
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three weeks of treatment.,
j.- Posttest scores were derived from the final test session; after
-~ gsubjects had completed six weeks of treatment.
Thiistudy was conducted in se{eral stag.:as: subject
selection,:;:%%uation, treatment, reevaluationiand analysis.
All subjects were evaluated preoperatively, postoperatively before
treatmént, after'three weeks of treatment, and after six weeks of

.

treatment.

*Subject Selection

-

The goal of subject selectioh was to include individuals who 'had

meniscal derangemeat in .one knee ana who had;undergone.subsequeﬁt
arthroscoplc investigation and partia} menisectomy. Such ind;giduals
could begin rehabilitation within oné’week of surgery with a minimum of
postoperative pain and joint.effusion. The p?pulation from which
subjects were‘drawn was later enlarged to include individuals who had
suffered spraians of knee ligaments iq orde; to augment the number of
subjects in the study.

All persons considered for participation in this study were under

the care of an orthopaedic surgeon for knee joint dysfunction. Those

considered had no‘known history of pathology in the uninjured knee. A

summary of subject selection is found in Table 1. The investigator
reviewed patient historfes of all those scheduled for surgery and

subﬁitted to the physician a list of patients who seémijfso have "no

medical contraindications to participation in a six week rehabilitative

exerclse program or in endurance activities. Upon approval by the’
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TABLE 1
SUMMARY OF SUBJECT SELECTION PROCESS

Subjects with possible meniscal derangements

initially contacted.ecceecciecnnnccacacanasseaasdldd
Subjgcts who declined participation..ccececuccccccces 3
Subject who did not attend pretest session....ceeeeas 1
Subjects who cancelled Surgery.sssecececesssssssesasas 1
Subjects who declined participation during -

pretest appointmenleccssscccescossaascssssscasnssl
Subjects screened out during SULgEIY.eecesssoensosessl?

Subjects who dropped out affer SULBerYe.ieercessceoaeash

Total Subjécts with meniscal derangementSecssesesessal?

Subjects with ligamentous sprains, included.......... 3

TOTAL SUBJECTS INCLUDED IN STUDYeeeesvecencoeesaccssasssasl$
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-

physician, the iﬁvestigator contacted all potential subjects, explained
the nature of the study and asked them to conslder participation in the
study. Three subjects who had suffered ligamentous sprains were also
contacted and agreed to participate in the study. Thirty-four patients
with possible meniscal lesions expressed interest, and appoiantments
were made for preoperative testing during the week prior to her?his
surgery. Three patients who were coneacted chose not to participate in
the study. At the time of the fi;st appointﬁent for each potential
subject, the testing and rehabilitation methods were explained in
detail by the iavestigator. Thirty of thelthirty-one subjects agreed
to participate and were asked to sign informed consent forms (App;ndix
B). Testing 6n the Cybex II was then carried out. One subject who had

o

expressed intevest in participating falled to attend preoperative
testing sessions on three occasions and was eiiminated from further
conglderation- One subject who was tested cancelléd his kurgery, and
was therefore excluded from consideration. '

During thé arthroscopic examination the surgeon yisualized the
“tibiofemoral and, in some cases, the patellofemoral joints and offered
differential diagnoses. Twelve subjects were screened cut at this time
due to various pathologies in the knee. Of Ehe remaining sixteen
subjects;'nine'had a torn medial or lateral meniscus; s$ix had a torn
medial or latéral meniscus with anterior cruciate lasufficiency.
Eleven of the twelve subjects umderwent partial menlsectomlies; one
subject had suffered a radial tear in the lateral meniscus that
ef fectively séparated the anterilor and posterior segments. The
physician felt that no further Surgi;al intervention was required. Of

the subjects with ligamentous -sprains, two individuals had sustained
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A:]

grade two medial or lateral collateral ligament sprains. The final
subject had suffered a ligament sprain and had undergone a diagnostic

arthroscopic investigation which revealed a lateral collateral ligament

sprain and a 15% teashbf the anterlor cruciate ligament.

Subject Attrition

Four subjects were excluded from the study at various stages after
surgery. Two attended only one treatment session. One subject

continued treatment for three weeks and then discontinued treatment.

-
-

One subject was unable to perform the set of exerclses because of knee
pain and therefore was excluded from the study. He was placed on a

modified treatment program and continued therapy for seven weeks.

Measurement Procedures

Upon -entering the laboratory for the first time,
each subject was familiarized with the testing equipment and
procedures.
A. Determination of Peak Torque

Tﬁe chair back of the Cybex II was fixed at' a 110 degree angle.
The subjec;'s position on the testing apparatds was adjusted to allow
at least 90 degrees of knee flexion. A strap was then placed over the
proximal thigh of the leg to be tested. The subject’'s lateral femoral
condyle of the uninjured leg was aligned with the axis of rotation of
the isokinetic dynamometer; the subject's Jdower leg, just proximal to
the lateral malleolus, was placed behind the ankle cuff of the arm of

the dynamometer so that the knee rested-at approximately 90 degrees of

flexion. The subjecrt was asked to hold the hand grips on each side of
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the chair for stabilization of the trunk.

The dynamometer was set at 60 deg/sec, the damping was set at '2'
and the paper speed was set appropriately. The subject was asked to
ﬁerform ten reclprocal contractions of the quadriceps femoris and
hamstging muscle groups increasing in intensity so that the last three
contractions were maximal. This procedure was designed to familiarize
the subject with the machine. After a three aminute rest, the subject
was instructed to kick up and kick down as hard and fast as possible
four times, performing maximal volupcary contractions. This procedure
was repeated twice more, with three minute rests in between the éets of
contractions. Verbal encouragement was given to the subject during each
contraction. The subject's lateral femoral condlye of the injured leg
was then aligned with the axis of rotation of the dynamometer and the
subject performed the same procedures on this leg. Again, verbal
encouragement was given to the subject during each maximal contraction.

This procedure for determination of peaé torque was repeated at
the setting of 186 deg/sec, first on the uninjured and then on the
injured leg. The mean of the highest séore in each set was used as the
peak torque fqr each. muscle group at each speed.
B. Determination of Endurance Scores
Each subject performed a series of thirty-one continuous, maximal, recip-

rocal contractions at 180 deg/sec. The subject assumed the testing

'position described above with the uninjured leg aligned for

o
contraction. The subject was instructed to kick the leg up and down as

fast as possible thirty-one times. Verbal encouragement was given

during the procedure. The lavestigator monitored the torque and range

of motlon on the dual channel recorder to ensure that the subject was
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moving the limb through the full available range of motion and

instructed the subject to bend or straighten the limb more fully if
necessary. This procedure was repeated on the injured leg. The
subject was asked to perform a warm down consisting of stretching and
walking after the test.

An endurance score was calculated as follows:

Peak Torque of - Peak Torque of
Contractions 2 to 5 Contractions 28 to 31

X 100

[?eak Torque of Contractioné 2 to 5]
'

The first contraction ¢f each muscle group was considered a
warm up and was thus disregarded in this calculation.
€. Postoperative or Postinjury Treatment Given To All Subjects

Subjects who met the medical and operative criteria for
participation in the study returned to the laboratory one to four days
postoperatively or postinjury. All treatment, supervision and timing
were performed by the iﬁvestigator. During the first treatment, each
subject was given a regime of ice for the knee, isometric quadriceps
and hamstring contractions, active knee range of motion and stretching
for lower limb musculature. Each subject was asked to repeat this
treatment twice daily at home until the day of postoperative testing,

four to six days later.’

D. Group Assignment and Measurement

Protocols for determination of peak torque and endurance were repeated

on the postoperative leg only. Initially, the investigator randoumly as—

signed each subject to one of three experféental groups by drawing numbers

¢

¢

i

~
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out of a hat. The investigator attempted to match subsequent subjects
according to injury, sex and age uith\the initial subjects, assigning
the second matched subject randomly to one of the two remaining groups
and the third matched subject to the last group- Subjects with
meniscal derangements underwent reevaluation of peak torque and
endurance of the injured leg four to six days after surgery. The
protocols for determination of the scores were identical with the
pretest protocols described earlier. At this point, each subjec¢t-.was
ready to participate i{n the treatment phase of this stu@y.

After three weeks of treatment, each subject underwent
reevaluation of peak torque and eqdurance of only the uninjured leg,
again following the pretst protocols.

At the end of six weeks of treatment subjects in Groups 1 and 2
regurngd to the laboratory for reevaluation of peak torque and
endurance of both legs. Subjects ia Group 3 returned for testing 7 to

7.5 weeks after their pretests. While attempts were made to test Group,
3 after six wgeks, none of the ;ubjects were able to return on the six
week dates. Protocols were identical to those used for the pretest.

The three subjects who had suffered sprains underwent testing on both
legs approximately one week postinjury- After three weeks they
underwent testing on the uninjured leg and after six weeks they
underwent testing on both legs. Thus these subjects were tested only
twice on the injured leg. Because these subjects had no problem
previous to thelr injuries, pretest scores from the uninjured legs were
assigned to their injured legs. Patten Wyatt and Edwards (1981) found

that differences in peak torque between the dominant and non dominant

legs were less than 4% for quadriceps and hamstrings at 60 and 180
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deg/sec, therefore it was assumed that the scores for the uninjured leg

could be used to represent scores for the injured leg pplor to injury.
Postoperative test results (on the injured leg) were affectéﬁ\gzﬁlﬂ
the amount of pain and effusion the subjects experienced. Because

symptoms varled greatly from subject to subject these postoperative

scores were eliminated from consideration.

Treatment
1. Interval Bicycle Ergometery Supervised Exercise Group (Group 1)

On the first day of experimental treatment (after postoperative
testing) each subject assigned to the interval group performed sets of
hamstring contractions to determine the 10RM* of the postoperative leg.
The subject lay in a prone position on the exercise cable with the knee
in extension and the ankle cuff of the equipment resting comfortably on
the posterior surface of the lower leg, proximal to the lateral
malleolus. A strap was placed around the subject's buttocks and the
exerclise table to stabilize Fhe lower back. The investigator applied
weights to the.equipment and asked the subject to bend the knee as many
times as possible in twenty seconds. If the subject was able to move
the resistance through the range of motion more than ten times, the
investigator increased the weight and, after a three minute rest, asked
the subject to repeat the series of contractions. If the subject was
unable to perform ten repetitions, the investigator decreased the
weigﬂt and asked the subject to repeat the series of contractions.

This was repeated up to three times. In this manner a "20
second—10RM*"” was established.

Each subject performed one exercise on the Monark bicycle
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ergometer. The height of the seat of the.ergometer was adjusted so
that the knee was flexed 10 degreés when the pedal was at the lowest
point on the revolution. The subject pedalled with the postoperative
leg only. During weeks one, and four to six, the subjects pedalled at
a rate of 60 RPM. During weeks tweo and three the subjects pedalled at a
rate of 69 RPM. A metronome was used to ensure that the rate of
pedalling remained constant. The forefoot was held firmly onto the
pedal with adhesive tape. The subject performed timed fifteen second
work intervals (repetitions) as indicated in Table 2.

Heart rate was monitored by the investigator at the end of each
repetition, using a ten second coant of the radial pulse.

Inftially during each set, the pendulum setting on the ergometer
was 4.9 newtons for the first repetition, 9.8 newtons for the second
and third repetitions, and was lncreased by 4.9 newtons for each
successive repetition in the set either until she/he could not perform

~

at a higher workload, or until the subject had reached 75 to 80% of the
individuals's maximum predicted heart rate. At this'point, the
pendulum setting was held constant for the remaining repetitions of the
set. During the six weeké of treatment, the initial pendulum setting
was 4increased as tolerated. The duplication of the peudulum setting of
the second repetition was eliminated by the second week of the program.
If the subject's heart rate exceeded that stated above, the pendulum
setting was decreased for the nexc.repetition.

Each subject also performed three sets of ten repetitions of
concentric resisted hamstring contractions on-the exercise table at the
10RM* resistance. Each set was performed in twenty seconds and rest

{ntervals between sets followed the guidelines listed in Table 3.



25

TABLE 2

WORK TO REST RATIOS FOR GROUP 1 BICYCLE ERGOMETRY

Week Repetitions/ Sets/ Work:Rest Rest Lnterval Rest Interval

Set Workout Ratio Between Between
Repetitions Sets
{Seconds) (Minutes)
1 8 2 1:4 60 4 to 7
i 9 3 1:4 60 4 to 7
3 9 3 1:2 45 4 to 7
4 9 4 1:3 45 4 to 7
5 9 3 1:3 45 4 to 7
6 9 3 L:3 45 4 to 7

( TABLE 3

WORK TO'REST RATIOS FOR GROUP 1 HAMSTRING CONTRACTIONS

Week Work:Rest Rest Interval
Ratio (Seconds)

1 , 1:6 120
2 1:5 100
E 3 1:4 80
4 1:3 60
5 1:3 60
6 1:3 60
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Whenever the subject was able t; perform more than ten repetitions in a
set, the resistance was increased to a new 10RM* during the treatment.

At the end ‘of each exercise session the subject performed lower
1imb stretches and calf raises as listed in Table 4. The investigator
then held\hp a card with a scale of rate of percelved exertion (Table
5) and asked the subject to point to the number that best indicated
how she/he felt about the exercise session as a whole. The
investigator recorded the resistance used, and the RPE.

Each subject's maximum heart rate was determined using the
formula: Maximum heart rate = 220 — Subject's age (Fox and Mathews,
1981). The heart rate was held to a maximum of 75-80% of the maximum
heart rate. After the final testing session for each subjeét ian Group
1, each subject returned to the laboratory to comélete two sets of
bicycle ergometry that duplicated sets performed during the first two
weeks of treatment. Subjects were asked to perfo;m no extra exercise

-
between treatments.

2. Untimed Concentric }rogressive Resistance Supervised Group (Group 2)
Each subject assigned to the untimed progressive resistance group
underwent a procedure to determine the LORM* resistance for concentric
quadriceps and hamstring contgactions of the injured leg on the first
day of tfeatment. After a warm up consisting of three minutes of
bicycle ergometry at a workload of 150 kilogram meters/minute, the
subject sat on the exercise table with the knee at approximately 90
degrees of flexion and the ankle cuff of the equipment resting
comfortably on the anterior surface of the lower leg, proximal to the
.lateral malleolus. The untimed 10RM* for quadriceps of the injured leg

was established using the protocol for 1ORM* determination described
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TABLE &

ADDITIONAL EXERCISES GIVEN TO GROUPS L AND 2

1. Quadriceps stretch

2. .Hamstring stretch

3. Tensor fasclia lata stretch
/ 4. Lower back stretch

5. Groin stretch

6. Calf ralses using resistance

TABLE 5

RATES OF PERCEIVED EXERTION (BORG, 1982)

0 l Nothing at all

+5 Very, very little (just noticeable)
1 Very light

2 Light (weak) )

3 Mo&erate

4 Somewhat‘peavy

5 Heavy {gtrong) ’
6

7 Very Heavy

8

9

10 Very, very heavy (almost max)
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giafor Group 1. The subject then lay in a prone position on the exercise

table, and the untimed hamstring lORM* was established\following the

1ORM* protocol described for Group 1.
The remaining seveﬁfeen treatmeﬁts couslsted of three sets of
" repetitions of concentric resisted quadriceps and hamstring
"contractlons at the 10RM* resistance plus exefcises listed in Table 4.
Each subject was instructed that rest periods between sets had to be
more than three minutes and that each set of contractions had to téke
longer than tuenty—fivé seconds to complete. Beyond these time
specifications the subject was at liberty to exercise at a comfortable
pace. Whenever the subject could perform more than 10*% repetitions in
a set, the resistance was Increased during the treatment so that a new
10RM* was established.

Each exerclse session was completed in the same manner as tho§e
for Group 1. Subjects were asked to perform no extra exerclse between
treatments.

3. Unsupervised Exercise and Activity Group (Group 3)

Each subject recelved instructions in and a demonstration of a
set of exerclses for the postOperatiﬁe leg (Table 6) and was a;ked ﬁo
perform the exercises at least three times weekly for six weeks. Only
subjects of Group 3 were asked to keep a written record of exercise
perfo;mance, problems that arose with qhe postoperative leg and all
physical activities other than activities of daily living. 1In
addition, oniy subjects of this group were idstructed to exercise the
uninjured leg 1f they desired to do so. Subjects were, however, asked

to make a note of such activity in thelr diaries.
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TABLE 6

GROUP 3 PROGRAM OF HOME EXERCISES

1. 1Ilsometric quadriceps contractions with the knee in ful{ extensi;n
with the knee beat 30,_60, and 90 degrees

2. 6-10 second isomgtric hamstring con:ractioné with the knee in full
extension, bent 30, 60 and 90 degrees.

3. Stralght leg raises -using resistance 3

4. Hamstring stretches

5. Knee range of motion

6. Hip abduction using resistance

7. Hamstring curls using resistaace . 5
8. <Calf stretches

9. Groin stretches

10. (Quadriceps stretches

11. Tensor fascia lata stretches

12 Calf raises using resistance

13. Leg presses against reslstance

e



. Cali®ration of Equipment

The Cybex II was calibrated biweekly according to the method

suggested by Lumex Inc.. The blcycle ergometer was calibrated weekly.

Conversion of Data

All data Eeflecting quadriceps and hamstring torque at 60 or 180

deg/sec were coaverted from foot pounds to newton meters. These data

were corrected to reflect torque ocutputs independent of gravity and the

length and mass of the lower leg (see Appendix C for conversion and

correction equations). .

Statistical Analyses

‘ 5

Dependent samples t tests were performed on pretest peak tarque”
and endurance scores for{both legs. Analyseseaof variance and
covariance for unbalanced data were performed on the posttest data from
the injured leg. Pretest scores were used as the covariate fof the
latter analyses. Analyseé of variance for unbalanced data were. also
used to analyse scores that reflected differences between post&ésc
scores of the injured and uni@jured legs. One way analyses of variance

-

with repeated measures were performed on peak torque and endurance

scores of the uninjured leg at zero, three and six weeks. Any
significant differences noted through the ANOVAs with repeated measures

were further analysed using the Newman—Keuls' ?pst hoc procedure.

‘;"'\
Significant differences noted for other ANOVAs werﬁ)assessed using the
Duncan Multiple Rangé test. Data reflecting thp-rdtes of perceived

exertion for each group were treated with ¢ tests for independent

samples. Posttest scores for the injured and uninjured legs and heart
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rate data vere assessed using dependent samples t tests.

a
significance for all statistical analyses was p<.05.

The level

of



CHAPTER IV
Results

The-physical characteristics and knee pathologies of the subjects
are shown in Table 7. Grou},mean muscle torques of the injured and
uniﬁjured legs expressed in newton meters are presented in Tabi;s 8 and
10. Group mean endurance scores for both legs are’presented in Tables
11 and 13. \Posttest group least square means for the injured leg are
presented in Tables 9 and 12. Least square means represented: a. means
adjusted to take into consideration the covariate and b. estimated
means 1f the groups had been balanced. Group mean muscle torques
expressed in.foot pounds are presented in Appendicies N and 0. Group
- mean posttest difference scores are presented in TaBles 14 and 15.

_Dependent samples t tests were used to compare pretest data of
the injured and uninjured legs (Table 16{: A significant difference
was noted for huadriceps torque at 60 dégrees/ second for Group 1 and
for quadriceps torque at 180 degrees/ second for Group 3 (p<.05). When

e
all pretest differences between legs were examined Edgéther {(n=15),
gignificant differences were noted in quadriceps peak torque at both
speeds (p<.05). When the scores of.the three subjects with sprains

were eliminated, similar significant differences were noted. Similar

analysis of data of subjects with anterior cruclate ligament

Lam
A
-

insufficlency (n=6) also revealed significant differences in quadriceps

torque at 60 and 180 deg/sec (p<.05, Table 17).

32
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TABLE 7

PHYSICAL CHARACTURISTLIS 2F sSUBIACTS

Group 1 (Interval) Mean Age: 34.4 years
Subject 1 Age: 19
Sex: male

Diagnosis: lateral collateral ligament and anterior
cruclate ligament sprain, left knee

Operative Procedure: arthroscopy

Testing for study: postinjury, (postoperatively)

Dominant leg: rtight

Onset of Symptoms: 1 week

Subject 2 Age: 36

Sex: male

Diagnosis: torn medial meniscus, right knee

Operative Procedure: arthroscopy, partial medial menisectomy
Dominant Leg: rtight

Onset of Symptoms: & years

Subject 3 Age: 24 ’

Sex: female

Diagnosis: chronic anterior cruciate lnsuffieiency,
torn medial and lateral menisci, left knee

Operative Procedure: Examination under anaesthesia, partial
medial menisectomy

Dominant leg: left

Onset of Symptoms: 1.25 years

Subject 4 Age: 42

Sex: male

Diagnosis: torn lateral meniscus, chrondromalacia patella,
left knee -

Operative Procedure: arthroscopy, patial lateral menisectomy
Dominant Leg: right

o~

Onset of Symptoms: 4 years

Subject 5 Age: 51

Sex: male .

Diagnosis: torn medial meniscus, left knee

Operative Procedure: arthroscopy, partial medial menisectomy
Dominant Leg: right

Onset of Symptoms: 2 months
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4 TABLE 7 (continued)
v
GROUP 2 (Progressive Resistance) Mean Age: 24.75 years
Subject 6 Age: 47

Sex: male
Diagnosis: chronic anterior cruciate insufficiency, torm
medial meniscus, right knee

Operative Procedure: examination under anaesthetic, arthroscopy,
partial medial menisectomy

Dominant Leg: rtight
Onset of Symptoms: 1.5 years

Subject 7 Age: 20

Sex: female

Diagnosis: chronic anterior cruciate ligament insufficiency,
torn medial meniscus, degenerative articular cartilage

changes, lateral compartment,torn lateral meniscus
Operative Procedure: examination under anaesthetic, arthroscopy,

partial medial menisectomy

Dominant Leg: rtight
Onset of Symptoms: 4.25 years

Subject 8 Age: 15
Sex: male

Diagnosis: Grade 2+ sprain, medial collateral ligament, leftr knee
Operative Procedure: None

"Testing For Study: postinjury

Dominant Leg: right

Onset of Symptoms: 1 week

Subject 9 Age: 17

Sex: male ) _

Diagnosis: torn lateral mensicus, right knee
Operative Procedure: arthroscopy

Dominant leg: right

Onset of Symptoms: 3 years

GROUP 3 (Home Program) Mean Age: 26.5 years

Subject 10 Age: 20
Sex: female

Diagnosis: chronic anterior cruciate ligament insufficiency,
torn lateral meniscus, left knee ,
Operative Procedure: examination under anaesthetic,

arthroscopy, partial lateral menisectomy
Dominant Leg: right

Onset of Symptoms: 2 years

Subject 11 Age: 32



35
TABLE 7 (contianued)

Sex: male

Dlagnosis: chronlc anterior cruclate ligament insufficiency,
torn medial meniscus, left knee :

Operative Procedure: examination under anaesthetic,
arthroscopy, partlal medial menisectomy

Dominant Leg: right {—/
Onset of Symptoms: 6 months

Subject 12 Age: 24

Sex: male

Diagnosis: Grade 2 lateral collateral ligament sprain,
right knee ’

Operative Procedure: none

Testing for study: postinjury

Dominant Leg: left

Onset of Symptoma: 1 week

Subject 13 . Age: 37

Sex: male :

Diagnosis: torn medial meniscus, right knee’

Operative Procedure: arthroscopy, partial medial menisectomy

Dominant Leg: left
Onset of Symptoms: 2 months

Subject 14 - Age: 22

Sex: male

Diagnosis: torn medial meniscus, right knee

Operative Procedure: arthroscopy, partial medial menisectomy
Dominant Leg: left o
Onset of Symptoms: 5 years

Subject 15 - Age: 25

Sex: male

Diagnosis: chronic anterior cruclate ligament insufficiency,
torn medial meniscus, left knee

Operative Procedure: examinatlon under anaesthetic,
arthroscopy, partlial medial menisectony

Dominant leg: left

Onset of Symptoms: 1 year
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TABLE §

MEAN PEAK TORQUE OF THE INJURED LEG + SEM (NEWTON METERS) *

Variable Group 1 Group 2 Group 3
PREQ60B - 199.78 + 39.02 173.12°+ 19.75 239.65 + 22.12
POSQ60B 188.07 + 26.20 175.48 + 16.22 228.26 + 24.70
PREQL80B 138.57 + 24.44 126.45 + 14.91 I55.31 £ 15.62
POSQL80B 138.09 + 19.03 132.45 + 14.50 169.47 + 18.42
PREH60B 109.87 + 22.46 91.15 + 7.44 123.62 + 9.54
POSH60B 120.56 + 20.72 113.69 + 11.39 129.89 + 17.15
PREH180B 84.09 + 15.26 69.17. + 3.52 97.43 + 8.57
POSH180B 90.89 + 12.78 82.07 + 9.53 105.69 + 12.69
-
TABLE 9
POSTTEST -LEAST SQUARE MEAN SCORES fOR PEAK TORQUE
OF THE INJURED LEG + SEM (NEWION METERS) *

Variable Group 1 Group 2 Group 3
POSQE0B . 194.18 + 13.86 200.35 + 16.20 206.30 + 13.32
POSQ1808 140.79 + 10.19 144.93 + 11.63 158.67 + 9.51
POSH60B 120.99 + 10.11 132.14 + 11.91 116.65 + 9.58
POSH1808B 92.12 + 7.42 + 8.90 94.22 + 7.17

97.51

* Key to Abbreviations

is found in Appendix A
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TABLE 10

THE UNINJURED LEG + gEM (NEWTON METERS) **

Variable Group 1 Groub 2 Group 3
PREQ60G 232.39 + 29.21 212.31 + 21.26 263.24 + 24.72
W3Q60G 231.52 + 27.99 202.06 + 19.17 262.06 + 21.59
POSQ60G 236.73 + 26.75 205.34 + 20.56 258.24 + 21.90
PREQL 80G 154.55 + 18.35 142.06 + 12.67 176.02 + 15.87
W3QL80G 168.70 + 19.76 151.53 + 10.68 181.65 + 17.30
POSQLBOG 165.21 + 19.94 147.42 + 12.84 183.42 + 19.71
PREH60G 116.30 + 17.86 99.37 + 6.50 130.83 + 8.21
W3H60G 122.78 + 20.04 107.63 + 7.23 144.86 + 13.07
POSH60G 125.59 + 18.45 114.66 + 9.72 140.02 + 14.92
FREH180G 87.47 + 13.90 76.11 + 2.79 90.88 + 7.67
W3H180G 92.79 + 14.47 80.64 + 6.42 109.47 + 11.55
POSH180G 89.18 + 14.19 85.39 4+ 6.80 108.42 + 11.53
TABLE 11

MEAN ENDURANCE SCORES FOR THE INJURED LEG 4+ SEM (%) * **
Variable Group 1 Group 2 Group 3
PREQBEND 44.93 + 6.92 45.23 + 6.52 52.71 4 2.40
POSQBEND 37.30 + 5.92 39.07 + 5.17 51.15 + 2.78
PREHBEND 27.90 + 2.81 23.20 + 4.08 34.91 + 5.75
POSHBEND 36.21 + 5.37 30.14 + 9.77 36.25 + 3.59
* Endurance Score = [{( X PT of contractions 2 to 5) - (X PT of

contractions 28 to 31)] == [Z (PT of

contractions 2 to 5)] X 100

** Key ro Abbreviations is found in Appendix A

2
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TABLE 12

POSTTEST LEAST SQUARE MEANS FOR ENDURANCE SCORES
OF THE INJURED LEG + SEM (NEWTON METERS) * #**

4

Variable Group 1 Group 2 Group 3

POSQBEND 3%9.54 + 2.88 41.10 + 3.21 47.93 + 2.69
POSHBEND 37.81 + 5.47 32.17 + 6.14 33.57 + 5.14
TABLE 13

MEAN ENDURANCE SCORES OF THE UNINJURED LEG + SEM (%) * #x
Variable . Group 1 Group 2 Group 3
PREQGEND 44,76 + 6.91 40.71 + 4.01 53.28 + 2.89
W3 QGEND 48.50 + 2.36 33.74 + 6.67 34.39 + 5.23
POSQGEND 50.13 + 2.20 48.98 + 4.55 54.56 + 2.34
PREHGEND 28.46 + 5.78 34.12 + 2.35 40.36 + 1.34
W3QGEND 33.13 + 2.58 46.40 + 2.13 55.22 + 3.45
POSHGEND 30.79 £ 5.75 37.11 + 6.85 38.29 + 2.42
* Endurance Score = [(= PT of contractions 2 to 5) = (& PT of

contractions 28 to 31)] =— [ = (PT of

contractions 2 to 3)] X 100

** Xev to Abbreviations is found in Appendix A
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TABLE 14

MEAN PEAK.TORQUE DIFFERENCE SCORES COMPARING
INJURED VS UNINJURED LEGS + SEM (NEWTON METERS) * *%
(WITH SCORES EXPRESSED AS PERCENTAGES OF THE UNINJURED LEG + SEM) .

VARIABLE GROUP 1 GROUP 2. GROUP 3

Q6ODTF 48.66 + 2.57 29.86 + 23.18 29.98 + 11l.14
(21.70 + 2.94) (1Z.44 + 10.01) (12.31 + 4.46)

QL8ODIF 27.12 + 2.36 14.98 + 7.68 13.96 + 7.10
(17.12 + 2.02) ° (10.17 + 4.81) (7.26 + 3.42)

H60DIF 5.02 + 4.71 0.97 + 4.47 10.13 + 4.94
: (5.69 + 4.65) (1.12 + 4.33) (8.44 + 3.86)

B180DIF 1.71 + 2.21 3.32 + 3.56 2.74 + 5.63
: (3.69 + 3.44) (5.63 + 4.34) (Z.79 + 4.60)

gABLE 15

ME AN ENDﬁRANCE DIFFERENCE SCORES COMPARING
INJURED VS UNINJURED LEGS(Z) * SEM * **
(EXPRESSED AS PERCENTAGES OF THE UNINJURED LEG * SEM)

Variable Group 1 ‘ Group 2 Group 3

QGEND 12.83 + 4.17 7.33 + 3.21 4.07 + 2.34
(26289 + 9.89) (16273 + 7.44) (7.42 + 2.34)

HEND =5.43 + 4.04 6.97 + 6.26 2.03 + 3.02
(35.01 + 27.38) (20.72 + 14.10) (5.10 £ 7.65)

*x Difference Score = Endurance Score of uninjured leg - Endurance
gscore of the Iinjured leg

Difference Score expressed as a Percentage = Endurance Score -
Endurance Score of the uninjured leg X 100

** Key to Abbreviations 1s found in Appendix A
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TABLE 16

DEPENDENT SAMPLES t TESTS ON PRETEST SCORES
OF INJURED VS UNINJURED LEGS ** s

Variable Grouping t Ratio’ t Ratio
(n) omitting spralas
(a-1)
Group 1 2.70 * 3.55 *
Group 2 2.07 2.70
Q60 Group 3 1.51 1.56
Total (n=13) 3.63 *
Total (n=12) 4.11 *
Group 1 2.15° 2.47
Group 2 1.97 2.46
QL80 Group 3 3.14 * 3.95 *
Total (n=15) 4.52 *
Total (n=12) 5.61 *
. Group 1 0.68 0.67
Group 2 2.12 2.84
H60 Group 3 1.24 1.25
Total (n=15) 1.92
Total {(n=12) 1.97
Group 1 1.61 1.70
Group 2 1.57 1.73
H180 Group 3 - -1.20 -1.21
Total {n=13) 0.13
Total (n=12) 0.12

** Key to abbreviations

is found in Appendix A
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TABLE

16 (continued)

DEPENDENT SAMPLES t TESTS ON PRETEST SCORES
VS UNINJURED LEGS *=*

OF INJURED

Variéble Grouping

t Ratio t Ratio
(n) omitting sprains

(n-1)
Group 1 -0.11 -0.10
Group 2 -0.70 -0.68
QEND Group 3 -0.25 -0.24

. Total (a=15) -0.54
Total (n=12) -0.54
Group 1 0.10 0.09
Group 2 0.73 0.71
HEND . Group 3 -0.19 -0.19
Total (a=15) 0.56
Total (n=12) 0.56
L

* Statistically significant at

** Key to abbreviations is found in Appendix &

the p<.05% level
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TABLE 17

DEPENDENT SAMPLES t TESTS ON PRETET SCORES QF INJURED VS UNINJURED LEGS
OF SUBJECTS WITH/WITHOUT ANTERIOR CRUCIATE LIGAMENT INSUFFICLENCY (ACI) **

Varlable t Value for Subjects t Value for Subjects
With aCI Without ACI

Q60 3.90 * 2.18

Q180 3.91 * . 2.87 *

H60 “1.02 . 1.56

H180 -1.04 1.79

QBEND -1.08 0.59

HBEND -1.18 1.60

* Statistically significant at the p<.05 level

** Key to abbreviations is found in Appendix A
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Analyses of variance were used to examine the data reflecting
final torque and endurance scores of the injured leg (Appendix D). No
significant differences were noted among the three groups (p<.05). The
subsequent analyses of covarlance, for which posttest scores were used

-

as the dependent variable énd pretest scores were used as the
covariate, also regpaled no significant differgnces among groups for
peak torque and endurance scores {p<.05, Table 18). For all variables
except hamstriag endurance the pretest scores (the covariate) showed
significanﬁ.éffeCCS on the posttest scores.

Dependent samples t tests were used to examine posttest

—

differences between the in;olved and uninvolved limbs (Table 19).

Quadriceps peak torque at 60 deg/sec was significantly greater in the
uninvolved legs in Groups 1 and 3; Quadriceps peak to?que at 180

., deg/sec was significantly greater in the uninvolved leg-in Group 1

(p<.05). When data of all subjects in Groups 1l and 2 were combine&,
_uninjured leg scores were significanﬁly greater than injured leg scores '
for all quadriceps measurements and for hamstring peak torque at 60 qeg/sec.

Analyses of variance on difference scores and on difference

scores expressed as percentages of the uninjured leg scores revealed no
significant differences among groups (p<.05, Appendicies E and F).

Group mean pe;k torque and endurance values of the uninjured leg
are found in Tables 10 and 13. Analyses of variance demonstrated
significant differences among groups in the Week 3 measurement of ham
string endurance and in the posttest aeasurement of quadriceps
endurance (p<.05, Appendicies H and I). Duncan,Multiple Range tests on
Week 3 hamstring ;ndurance showed that the mean of Group 3 was

significantly greater than that of Group 1, but that no significant
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COMPARING THREE TREATMENT GROUPS **
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TABLE_ 18

)

LEG

Sum ¢f Squares

Variable df Source F
POSQGOB -2 Group 369 -79 0-19
1 Covariate .24660.99 25.86

POSQL80B 2 Group 907.99 0.88
1 Covariate 14226.24 27.47

.

POSH60B 2 Group 538.49 0.5%
L Covariate 13330.50 26.09

POSH180B 2 Group 60.48 0.11
1 Covariate 6354.21 23.10

POSQBEND 2 Group 194.06 2.41
: 1 Covariate 8092.01 20.07
POSHBEND 2 Group 80.81 0.28
1 _ Covariate 505.45 3.47

* Statistically significant at the p<.05 level

** Key to abbreviations is found in Appendix A
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TABLE 19

DEPENDENT SAMPLES t TESTS ON POSTTEST SCORES
COMPARING INJURED VS UNINJURED LEGS **

) Variable

/-\ﬂ

Grouping t Ratio

i Group 1 18.92
Group 2 1.29

. Q60 Group 3 2.69
Total (n=15) 4.89

Groups 1 + 2 (n=9) 3.98

Group 1 11.51

Group 2 1.95

Q180 Group 3 1.97
Total (n=15) 5.03

Groups 1 + 2 (a=9) s 5.44

Group 1 1.07

. Group 2 0.22
H60 Group 3 2.05
Total (o=15) 2.15

Groups 1 + 2 (n=9) 1.02

Group 1 -0.77

. Group 2 0.93
H180. Group 3 0.49
Total (n=15) 0.57

Groups 1 + 2 (0=9) 0.25

* Sratistically significant at the p(lg?r'g;el

1
.

** Key to abbreviations 1s found in Abpendix A
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TABLE 19 (continued)

DEPENDENT SAMPLES t TESTS ON POSTTEST SCORES
COMPARING INJURED VS UNINJURED LEGS **

(]

Variable Grouping i t Ratlo
Group 1 ) 3.08 *

~ Group 2 2.28

QGEND - Group 3 _ 1.74
Total (n=15) _ 3.91 %
Groups 1 + 2 (m=9) 3.80 *

Group 1 ~1.34

b ' Group 2 1.11

HGEND Group 3 0.67

: Total (n=15) 0.33
Groups 1 + 2 (a=9) 0.02

* Statistically significant at the p<.05 level

** Key to abbreviations is found in Appendix A
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differences occured between means of Groups 2 and 3 or between-Groups 1
and 2. -Duncan‘Mﬁbfiple Range test on posttest quadriceps endurance
revealed that the mean of Grogy_B was significantly greater ghan the
mean of Group 2 and that no significant differences existed between

the means of Groups 1 and 3 or between the means of Groups 1 and 2.

Analyses of variances with repeated measures were used to analyse
peak térque and endurance scores of the uninjured leg within each group
over the time of the experiment (Appendix J). Significant differénces
among groups were found only on hamstring torque- at 180 deg/sec

L
(p<.05). A Newman—Keuls ?nalysis revealed that the Week 3 and posttest
means were both greater.than the pretest mean but were not ‘ ’
significantly different from each other.

Analyses of variance with repeated measures were used to analyse
differences among the three test sessions using subjects of Groups 1.
and 2, (who did not exerclse the uninvolved leg, n=%, Appendix K).
Significant differences were noted among subjects in the hamstring peak
torque at 60 deg/sec (p<.05). The Newman-Keuls analysis demonstrated
that posttest scores were glignificantly greater than pretest and Week 3 °
score;.

Group mean rates of perceived -exertion (RPE) are shown in Table
20. Indepegdent sampies t tests revealed no significant differences
between the means of groups that attended treatment sessions (p<.05).

Mean heart rate data for Group 1 are listed in Table 21.
Dependent samples € tests revealed that posttest heart rates were
significantly lower that heart rates recorded early in the treatment
phase at both 66 and 69 RPM (p<.05).

Mean attendance data for Groups 1 and 2 over the six weeks of
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treatment are listed in Appendix L. A t test for indepeédent samples
demonstrated no significant differences between groups (p<.05, ¥
Appendix D).«

The ages of members of each groups are listed in Table 7. The
mean ages of members of each group are: Group l=34.4 years, Group 2=
24.75 years, and Group'3=26.5 years. Analysis of variance for

unbalanced data demonstrated no signicant differences among groups

(p<.05, Appendix M).
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TABLE 20 -

INDEPENDENT SAMPLES t TESTS COMPARING RATES OF PERCEILVED EXERTION
OF: THE TWO SUPERVISED EXERCISE GROUPS *

X + SEM t Ratio
Group 1 4.00 + 0.47 S
RPE Week 1 -0.81
Group 2 4.59 + 0.55 s
Group 1 5.07 + 0.77
RPE Week 2 -0.66
' Group 2 5.75 + 0.75
Group 1 4.93 + 0.99
RPE Week 3 -0.30
Group 2 . 5.46 + 1.53
Group 1 " 4.80 + 1.01
RPE Week & - . -0.60
Group 2 5.67 + 1.22
Group 1 4.87 + 0.9¢6
RPE Week 5 . —0.38
. Group 2 5.46 + 1.28
Group 1 4.73 + 1.05
RPE Week 6 -0.52
Group 2 5.46 + 0.83

* Key to abbreviations is found in Appendix A
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TABLE 21

DEPENDENT SAMPLES t TESTS ON HEART RATE OF GROUP 1

Heart Rate at 60 Revolutions/Minute

SEM t Ratio
~

i
4

|
121.2 + 10.29 o

Initial
-2.69 *
Final 96.00 + 3.79
Heart Rate at 69 Revolutions/Minute
Initial 142.80 + 4.41
-5.66 *
Final

'115.20 + 3.98 (

* Statistically significant at the p<.05 level




CRAPTER V

Discussion
3 ;

Difficulry arises when comparing mean peak torqﬁe of the subjects
in this study with those of previous research. With an infinite number
of potential settings for isokinetic contraction, scientists have used
a myriad of possible velocities. As angular velocity increases peak
torque decreases (Patten Wyatt and Eduﬁrds, 1981; Thorstensson, 1976);
therefore torques recorded at different angul;; velocities are not
comparable. This study supports earlier findings that as angular
velocity increases, maximal peak torque decreases within a range of
motion. In addition, variations in s;k, age, and level of physical
fitness affect results significantly (Larsson et al., 1979; Murray et
*al., 1980; Goslin and Charéeris, 1979). <Comparison of peak torque
should be made only after data have been cor;ected for the effects of
gravity (Appendix C). Only recently have sclentists begun to
recognize the importance of this correction in allowing meaningful
comparisons of tofque among'studies (Winter e£ al., 1981) and to
include this correction in the protoceols of studies using the Cypex

Dynamometer. These factors should be similar in order to derive

meaningful comparisons between studies,.therefore data of the present
study cannot be meaningfully compared to earlier studies.

Statistically significant differences were noted between the

injured and uniajured limbs during the pretest for quadriceps peak

51
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torque at 60 deg/sec within Group 1 and for quadricepg peak torques at
180 deg/sec¢ within Group 3. Whén all subjects were consldered together
(n=15) and when all subjects with meniscal derangeﬁents were_considereﬁ
kn-lZ) significant differences were noted in quadriceps peak torqﬁe at
both speeds. As the number of subjects was increased, statisticglly
significant differences were seen in mpe variables. It 1is possible that
with greater numbers in each group significant differences between legs
would be noted in each of the groups.

Pretest hamstrings peak torque and endurance differeances between
legs were completely unlike pretest quadriceps differences. No
significant differences were found between legs in any of these
measu}es- It is possible that with greater numbers in each group
significant differences would be noted. It seems likely, however, Chat
the hamstrings do not develop the same amount of disuse .atrophy after
injury that the quadriceps do.

‘éretest endurance scores of the injured and uninjured legs were
not significantly different. The endurance sco;es do not reflect the
common concept of endurance (low lcad, high repetitions) but rather the

‘q‘torque generated at the end of thirty maximal contractions relative to

that generated at the beginnng of the series. Thorstensson and
-

Karlsson (1976) suggested that in this type of test procedure

recrultment of type II fibers occured initially, and that type I fiber
. —
recruitment occured as the type LI fibers fatigued. Barnes (198@)

showed that no significant correlation existed between isokinetlc
strength and isokinetic endurance at 120 deg/sec. The protocol for
determination of endurance scores was found to be very trying for most

subjects, therefore the investigator questlons whether subjects put

-
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maximal effort into all of the contractions. Because of subject

difficulties and because reliability of the test has not been

established, the validity of this test is questionable.

]
~

Postinjury loss of strength is more evident in the quadriceps
than in the hamstrings. The quadriceps femoris is a postural muscle
" group with a fiber composition that averages 50% type I fibers (range
36% to. 70Z) in young, nonathletic subjects (Thorstensson et al., 1976,
Edstrom and Nystrom, 1969, Gollnick et al., 1972). Biochemical and
histochemical properties, strength under various conditlions and usage
are often examined for the quadriceps. In contrast, the hamstrings are
seldom studied. In view of their position in the body, the hamstrings
are not a postural muscle. Thus the hamstrings wouid be used less
frequently in activities of daily living and might lose less strength
with disuse. This perspective may help to explain why the hamstrings
suffer much less atrophy after injury or surgery.

In the présent study, the dominant leg was definea as the leg
with which ‘a subject would kick a ball (as did Patten Wyatt and
Edwards, 1981). Of the twelve subjects with meniscal derangements, six
ﬁad the problem in the dominant and six in the non dominant leg. One
would expect that pretest differences between the injured an& uninjured
legs dLe to muscle atrophy would be demonstrable if present because of
the even split between dominance and non dominance of the injured leg.
When considering the data of subjects with meniscal derangements, the
pretest differences in torque between the Injured anq.uninjured legs
represented 83% and 85X of the uninjured quadriceps scores, 92% and
99.;% of uninjured hamstring scores of the at low and high speeds

respectively. The first three percéntages were greater than the
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findings of Patten Wyatt and Edwards (198l1). (Ouly the quadriceps

differences were statistically significant however.) The coatroversy
over the strength of the dominant and non dominant legs in relation to
each other prohibi;s the formation of strict conclusions about the loss
of strength after injury. The even distribution of injury to the
dominant and non dominant legs among subjects with meniscal
derangements, however, allows the suggestion that a trend towards
postinjury atrophy was demonstéated.

Investigations of muscle atrophy inlhumans have typically
assessed biochemical and éontractile properities of muscle after
{mmobilization rather than after injury. Decreased girth, leg volunme,
peak torque, strength, oxidative capacity and some £ntramuscular fuels
have beea noted (MacDougall et al., 1977; 1980; Sargeant and Davies,
1977; Davies and Sargeant, 1975; Hulten et al., 1981; Grimby et al:,
1980; Eriksson, 1976; Costill et al., 1977. Greater atrophy in type I
than type 11 fibers of vastus lateralis has been reported both after
{mmobilization and with knee joint instability (Sargeant and Davies,
1977; Edstrom, 1970). Edstrom (1970} is one of féw sclentists ;ho has
examiﬁed the vastus lateralis muscleﬁiffér injury rather than aftér
immobilization subsequent to injury. While all of these parameters
were not investigated in the present study, findings of decreased
quadricgps peak torques were not at odds with these studies.

urological factors have also been noted to contriyuée to muscle
atrophy. These include: joint capsule edema, sectioniné 6f the joint

capsule, and pain (Gardner, 1948; deAndrade et al., 1965; Gydikov, <::

1976; and Eriksson, 1981). Joint capsule edema and pain were both

evident in subjects of this study. It should be noted that SUbjéfff_\//’#’//
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-

experienced anterior kunee and quadriceps pain but no hamstring pain.

Detraining studies may add some support to the assumption that
decreasing the level of activity of a muscie will lead toc decreases 1n
strength and various biochemical parameters within the muécle. Such
studies, however, follow or include a period of physical training,
which commonly creates_ augmented performance and increased biochemical
parameters. While such factors prohibit strict application of findings
to subjects who, after joint injury, were forced to use the affected
limb less in activities of daily living, parallels may exist between
the twe models.

In a detraining study conducted by Henriksson and R;i:man (1977),
subjects parti;ipated in eight to ten weeks of eadurance training
followed by six weeks of detraining. The authors noted decreased
oxida;ive capacity in vastus lateralis as indicated by return of SDH
and CO activities to pretraining levels. Houston et al. {1979) noted
that fifteen days of detraining in well trained endurance runners
caused significant decreases in SDH and LDH activities, a 25% decrease
in performance, and a 4% decrease .1in MaxV02. Green et al., (1980)

-
examined the effects of detraining on varsity hockey players. They
noted decreases in ATP, CP, and glycogen content of vastus lateralis,
and decreases in SDH., HADH, phosphorylase and PFK, while noting no
change in fiber size oT type: Sysler and Stull (1970) noted
significant decreases in muscular endurance after three and five weeks
of detraining following seven weeks of endurance {sotonic training. No
significant d§gfference was noted between three and five weeks of

detraining.

Subjects with meniscal derangements in this study reported

N
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intermittent or continuous knee joint dysfunction, pain, swelling and
subsequent decreased usé\igf up to five years prior to surgery (Table
7). This time claséification is not exact, howEver, because it is
dependent on the subjects’ response to questioning during the first
appointment with the investigator. Great varlation in the level of
dysfunction was also found amoné sdbjects- One subject had been on
crutches for three months prior to surgery, while some subjects were
able to participate in all of their usual activities. These factors
prevent firm categorization as to the length and level of dysfunction
and disability and illustrate a major problem that exists ia the
investigation of clinical disuse atrophy subsequent to injury without
immobilization. Results of this study suggest a trend toward decreased
strength in the- quadriceps femoris musclé group. Without bilochemical,
and histochemical analysis.or examination of physiological parameters such
as V02 Max, no comparisons can be drawne between the present study and
studies that have documented these physiological changes.

.ﬁdstrom {1970) demonstrated evidence of muscular-atrophy among
subjects with six month to four year histories of anterilor cruclate
ligament insufficiencyi Clinically, the muscle of the untreated,
unbraced- anterior cruciate insufficient knee i; frequ;ntly noted to be
weaker than the uninvelved leg (personal co;munication with Dr. P
Fowler). Results of a dependent samples t test revealed éignificant
differences b%ween the quadriceps peak torque at 60 and 180 deg/sec
(n=6 Table 17). These subjects had 1.25 to 4.25 year histories of
anterior cruciate ligament insufficiency (Table 7¥. This evidence
supports Edstrom's findings of quadriceps atFophy in the‘chronic

anterior cruciate insufficlent knee. Again, no significant differences
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between hamstrings peak torque, quadriceps or hamstrings enduraunce .

—

between legs were noted. Anterior cruéiate 1igameht injuries h;vé also
been noted to be assoclated with a high incidence of meniscal tears
(personal communication with Dr. P. Fowler, Noyes et al., 1980). Noyes
et gl. (1980) noted that in a survey of 103 patients with knee
derangement, 62% of these patients with incomplete and complete

anterlior cruclate insufficiency also had meniscal tears. Because of

the frequency of this combination of injuries,‘it was 1mporéant to
include such subjeets in the present study. Despite ap'attempt to
distribute subjects with chronic anterior cruciate ligament
insufficiency evenly among the groups, the final distributi;n of these
subjects was as follows: Group l- one female.subject, Group 2- one
female subject, one male subject, Group 3- oﬁe female subject, two maié'-
subjects. It is not known whether‘lhis uneven distribution affected the
results.

The ANOVAs on posttest scores of -the involved limb revealed no
significa;t differences among groups. ‘The ANCOVAs done on the same
posttest scores, using the pretest scores of the injured limb as ;he
covariate, also revealed no significant differences among the groups.
The covariate, {the initial torque or endurance score) had a
significant effect on the posftest scores as evidenced,by the
'significanc F values for all covari§ﬁes except hamstring enduraﬁce.
Mueller (1968) stated that individuals Aafe strength limits and that
the training time from the-initial strength to the strengﬁh limic is
not necessarily equal for all subjects. It seems important; therefofe

to consider the subjects' initfal levels of strength using analyses of

covariance. No program was shown to augment strength or endurance more
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_successfully than any other program. Differeaces may be seen if

greater numbers of subjects-are included in the study of if training is

~

. 13
continued for longer. . . »

It should be noted that those Ftained without supervision and
thus without as much 'formal' exercise did as well or better than those
who attended 38 supervised exercise sessions. Five of the six'subjects
in Group 3 indicated in thelr diaries that tﬁey participated in
walking, running, bicycling or stationary'ﬁicycling as well as
exercising three or more times a week for at lbaét three of the six
weeks of treatment. While these effects shoui&'be investighted
further, home exercise and activity should be stroggly counsidered for
individuals after arthroscopic surgery, and posslbly included to
augment formalized therapy. Further investigation might reveal whether
structured re£abilitation is necessary at all for such patients.

ﬂWifhin the present Ontario medical system, the possibility of moving ¢
towards fewer treatments, more assessment and cogsuléation regarding
exercise and activity should be considered. Such moves could represent
a helpful saving of public medical care dollars, and would create ’ ;
openings for other patients who now remain on waiting lists for

~ therapy. ’

Posttest-differences between the favolved and uninvolved limbs
demonstrated that all qua?riceps\scores and hamstring peak torque at

the 60 deg/sec of the involved leg were significantly lower than those

of the uninvolved leg (Tables 14, 15, 19). Differences between legs were
greater than those noted between dominant and non dominant by. Patten
Wyatt and Edwards (198l). It is thus important to consider the fact

that six weeks of varilous types of rehabilitative exercise used in this
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study were not sufficieant to return the injured limb to cheflevel of

the uninjured limb. Even when trying to make concessions for the
: differences between dominant and non dominant legs, the injured leg had

not returned to the level of the uninisred leg. "Most research

- .~ conducted to dafe that has investigated rehabilitation programs for

various conditions considered rehabilitation to the level of the

uninvolved ieg regardless of dominance (Camﬁbell and Glean, 1979; 1982;'

Grimby et al. 1980; Sargeaat et al., 1977). It should be noted that at
the end of six weeks of treatment a}l subjects were pain f{ée, had no‘
", knee joint effusion, aund ﬁelt no residual disability in the knee. From
. this point of view, withou; the o;jecgive ssessménq of scfength, most
of Fhe Subjects felt that six weeks of.rehab} tatioﬁ was téé long a

" time to continue fcrpalizgd treatment. Objective evaluation of peak

torque, however, supporas the opposite conclusion: It is important to
~— * -
investigate longerfgghabilitation programs to dertermine if and when -

sérength is ever fully restored. p'
Length of treatment and discharge criteria are important
considerations in rehabilitation programs{ Campbell and Glean (1979)
- _ .

found that subjects who had undergone menisectomies (through

arthrotomies) and who had also undergone a three stage rehabilitation

program still demonstrated significant differences in peak torque

petween legs in isometric knee flexion, flexion at 210 deg/sec and in

knee extension at 210 deg/sec. Similarly, Campbell and Glenm (1982)

-

found that péak torque for Knee extension at 30 and 180 deg/sec 1in

patients who had undergone menisectomies or lihameq; repalir had not
. . 4

returned to the level of the uninvolved leg (% time for menisectomies =

g .days, X time for ligament repairs = 120 days). The-present’étudy
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indicated that a six week rehabilitation program post arthroscopy was
not s;fficient Eo.ftrengthen a limb back to level of the uaninjured
1imb. | -

-ANOVAS on postté;tndifferences between the lovolved and
uninvolved limb scores and on the aifference scores expressed as
percéntagea of the uninvolved limb revealed no significant differences
among groups (Appendicies E and F). While t tests Feveaied significant
differences between the limbs, no one program brought the iﬁvolved limb
to the level of the uninvolved more adequately. With greater numbers
of subjeéts, difference; may-be seeng It was interesting‘tb note that
in this-stu@y, the home exercise program seemed ét least as efféctive
as the supervised programs, and thus, the home program could be
considered-more efficlent from some perspectives.’ The uneven

distribution of numbers of subjects in the groups (Group 1 un=5, Group 2
n=4, Group 3 n=6) and the possibility that subjects in éroup 3 were
more active than those in Groups 1 and 2 may have affected results.

The ANOVAs on scofes of the uninjured legs revealed no
significant differences among groups at any of the three testing
sessions (Appendicies G, H and 1). When each group was analysed
individually over time using ANOVAs with repeated méasures, significant
differences were noted only among tescing'time; for Group 3 for
hamstfing torque at 180 dgg/sec- Post hoé.aﬁalysis revealed'oniy_that
both Week 3 scores and posttest scorés were greater than the pretest
5COTrS. Tﬁese results ‘may suggest an actual lacrease in mdscle-strength
in the first three weeks of treatment in this isolated instance. These

results may, instead, reflect the subjects increased familiarity with

the test procedure. Each of these explanatggns is underdined by the
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lack of change of any other set of scores over time: When all subjects
in the two supervised exercise groups (who did not exercise the
uninvovled leg) were analysed together, §}gnificant results were noted
only in peak gamstring-torque at 60 deg/sec {Appendix K). Post hoc
analysis revealed that the postte&t mean was significantly greater Qhan
the pretest mean. Agaln it is possible for strength to have increased
over the time of the study; increased famillarity with the procedure
. may also-be a factor iﬁ the higher posttest scores. Mawdsley and
Knaplk (1982) found that no strength Increases occured as‘a result of
isokinetic testing two weeks apart. Johnson and Siegel (1978) found
that familiarity over three test days did not affect peak torque that,
with tﬁe exception of hamstring torque, no changes in peak torque or
endurance occured ia the uninvolved leg over the seven to eight'week
pericd from pretest to posttest. A major limitation of this
examination remains the small nqmber of subjects included in the study.
Independent samples t tests revealed n§ significant differences
between weekly average rates of perceived exertion (RPE) for Groups'l
and 2 (table 20). It was interesting to note that during cycling,
heart rates consistently achieved (and were held to) 75Z% to 80 %-of the
predicted maximum heart rate, that respiratory rates were elevated and
that subjecés perspired noticeably. Subjects in Group 2 showed hea;t
rate increases of no more than Bd beats/minute above resting levels,
respiratory rates were not elevated as noteably, and increases in
perspiration were much less marked. The contrast in these
physiological parameters was marked, yet no differences in RPE were
nbted. While it would have been desireable to examine the correlation

between strength galn and RPE in those subjects who achleved the



greatest and least streagth gains. The small number of subjects

attending supervised exercise sessions made such regrouping for
*+ . r

analysis difficult.

The initial and fiﬂal heart rate responses to the interval
ceycling program were examined in subjects of Group 1. Exercise heart
rate during cycling both at 60 RPM and at 69 RPM decreased
significantly wiéh treatment. Cardiovascular and biochemical benefits
of continuous cycling in leg rehabilitation have been demonstrated
(Costill et al.; 1977; Davies'and Sargeant, 1975) in the forms of
incredsed V02 Max, increased SDH activity, and increased absolute work
capacity. Such benefits of. interval programs have not been assessed
within réhabilication programs. McKenzle et al., (1978) demonstrated )
that leg or arm iaterval eycling programs of,thirty.;econd repetitions
resulted in increases in V02 Max, decreased submaximal heart rate, and.
decreased venous lactic acid. While such physiélogical parameﬁers were
not investigated in the present study there was evidence of central .
adrobic benefits caused by the interval program. The interval training
based exercise program was designgd to augment performance of the
ATP-CP and contractile systems in muscle in accordance with principles
outlined by Fox and Mathews (1974). IF is impossible to evaluate the
effects of the program on. the ATP-CP system, however, without the use
of muscle biqpsies, blochemical analysils of enzyﬁatic activities and
amounts of storeq substrates available 1in the muscle. he application
of iaterval training to rehabilitation merits further iavestigatioa.

One importaant area of potential error in this study was uselof
the Cybex II Isokinetic Dynamometer. While the investigator attempted

to follow the protocol for dynamometer calibrationm recommended by Lumex
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Inc., lack of expertise with‘this_machine'may have affected results.
The machine was calibrated twice weekly. The possibility.of error
existed because often several subjects were tested between
calibrations. Intermittent problems were experienced with the dual
lchannei recorder._ﬁé‘juﬁpy movement of the recording paﬁer at the 25
.'mm/sec speea, a looééning of rthe damping control button and the
electrogoniometer caused problems which wege remedied as beg; as
possible within the limits of the staff of the University of Western
Ontario Athletic Injuries Clinic and the investigator. These
intermittent difficulties could have also introduced ertor into the
recordings.

The gravitational correction was also a possible source of error?\\ ’
The protoéol followed in the present study (Appendix C), was that
suggested by Lumex Inc.. Accqracy ﬂegepded on the subject's complete
felaxaFion when dropping the leg and lever arm from above the

horizontal. Several trials were conducted in an attempt to galn this

relaxation. This subjective judgement of the investigator could have
been inaccurate, thﬁé leading to an erroneous estimate of the effects
of gravity on the limb andllever arm, and eventual inaccurate
. estimation of peak éorqué. Ihé int;rmit:ent mélfunctioning of the
damping control and electrogoniometer could have also contributed to
error in determiﬁatién of ;he'actual peak torque scores of the joiﬂt
anglg at whicﬂ peak torque occcured.

The nature of the torque overshoot has been examided with the use
of cinematographic analysis (Sapega et al., 1982). The authors

concluded that inicig} high spikes in Cybex torque reco;dings

represented an Iinertial artifact rather than contractile
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characteristics of the muscle. Overshoot represeanted the torque
required to decelerate the limb and arm of the dynamometer during
reciprocai movement. The investigator in the present study thus
attempted to record the level of torque noted after any initial

overshoots. Error_COuld have arisen due to lnaccurate assessment of
the overshoot splkes, however. / °

While damping on the Cybex recorder represents electronic
suppression of overshoot spikes, Sapega et al. (19@2) pointed out
that damping beyond the setting of 2 (on the adjustable scale of O-to
4) suppressed grossly appreciable quantities of true muscular torque as
;ell as the overshoot, thus simply substituting one artifact for
another. The authors stated that as the velocit& of contraction =~
increased, the overshoot was spread over relatively greater amounts of
the torque curve, thus causing "the frequency of the artifact waveform
and muscular torque curve to approach each other redueing the ability
of the damping circuit to supress the overshoot selectivq}y" {(p- 375).
In additioﬂ, these authors suggssted thatulhe problems may not be
consistent among subjects. On two specific occaslons the investigatoé

questioned whether the damping control was actually operating (\

correctly.

S



CHAPTER VI
Summary and Cenclusions

The present study was designed to compare the effects of three.
rehabilitative exercise programs designed for patients who have
experienced knee injury and arthroscopic surgery. The programs were:
1. supervised interval training based bicycle ergometry and progressive
resisted concentric hamstring exercise (Group 1); 2. supervised
uncimed progressive resiséﬁﬁ concentric quadriceps and hamstring
exercise (Group 2); and 3. unsupervised home exerclse and activicy
(Group 3).

It was hypothesized that there would be no significant difference
between pretest scores of the injured and uninjured legs. It was also
hypothesized that quadriceps or hamstring peak torque and endurance
scores of the injured leg would not differ significantly among groups.
it was further hypothesized that there would be no significahc
differences in posttest difference scores among groups. It was
hypothesized that there would be no significant differences among,
groups for scores of the uninjured leg. Furtgérmore, it was sugpested
that there would be no significant differénces within each ggoup for
scores of the uninjured leg over the time of the experiment. Finally,
it was hypothésizeﬁ that there would be no significant differgpces

between rates of perceived exertion of the two supervised treatment

65
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groups.

Fifteen subjects, including twelve males and three females {mean
age= 28.67, SEM 2.94 years) were matched and assigned to one of the
three exercise groups (Gfoup 1 n=5, Group 2 n=4, Group 3 n=6). Twelve
subjeéﬁs underwent-arthroscoplc investigation for possible meniscal
derangement. Two subjects had suffered medial collateral ligament
sprains and one subject had sustained a lateral collateral and anterior
cruciate ligament sprain. No significant differences in age were noted
among the groups. Members of Groups 1 and 2 pe;formed supervised
exercise three times weekly for six weeks. No significant differences
in'attendance were noted between groups. Group 3 attended testing
sesslons and received a program of home exerclses to perform for the
duration of the experiment. In addition, these subjects were
insgructed to participate in any physical acfivity that they wished
within the limits of their injured knees.

. Testing sessions were carrled out on subjects with susﬁected
menigcal lesions: préopeéétively, on both legs; four to seven days
postoperatively, on the injured leg;f’after three weeks of exercise, on
the uninjured leg; and after the six_geek exercise program, on both
legs. Subjects who had sustained ligament sprains were tested post
injury after three and six weeks of exercise. The immediate
postoperatve test results were discarded. Tests were performed on a
Cyhex II isokinetic dynamometer and test parameters were: quadriceps
and hamstring peak torque at 60 and 180 deg/sec, and quadriceps and
hamstring endurance. At the end of each treatment, subjects in Groups

1 and 2 were asked to give a rating of perceived exertion for the

sesslon. Exercise heart rates were monitored in subjects who performed
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Ithe interval training based exercise.

Dépendent samples t tests revealeé signifi&ant differences
between pretest injured and uninjured legs‘in quadriceps peak torque at
60 and 180 deg/sec (n=l5, p<.05). Significantfdifferences between legs
were noted only in Group 1 fér quadriceps pegk torque at 60 deg/sec and
in Group 3 for quadriceps peak torque at 180 deg/sec (p<.05).

One way ANOVAs for unbalanced data revealed no significant
differences émong groups for any posttest measure of the injured leg
(p<.05). Subsequent ANCOVAs for unbalanced data (using posttest scores
as the covariate) revealed no significant.differences among groups
{p<.05).

One way ANOVAs for unbalanced data revealed no significant
differences among groups on differences scores derived from Subtracting
the posttest scores of the injured leg from the posttest scores of the
tninjured leg (p<.05). Similar nonsignificant result; were obtained
;%en diffgrence scores expressed as percentages of the uninjured leg
were analysed (p<.05).

Dependent samples t tests wére used to examine differences
between posttest scores of the injured and uninjured leg. When data of
Groups 1 and 2 were analysed together, significant differences were
noted in peak quadriceps torque at both speeds, in peak hamstring
torque at 60 deg/sec and in quadriceps endurance. Analyses by group
revealed significant differences in quadriceps peak torque at 60
deg/sec for Groups 1 and 3, and in quadriceps peak rorque at 180
deg/sec for Group 1 (p<.05).

Data of the uninjured leg were analysed using ANOVAs for

unbalance data. Significant differences were noted among groups for
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Week 3 hamstriﬁg endurance and-for posttest quadriceps en&urance
{p<.05}. Post hoc analysis on hamstring endurance revealed only that
Group 3 wasg greater than Group 1. ?ost hoc analysis on quadri;eps
endurance revealed only that Group 3 was greater than Group 2.

ANOVAs with repeated measures were used to assess.changes in
écores of the uninjured leg over time within each group. Significant
differences were found only within Group 3 for peak hamstring torque at
180 deg/sec. Post hoc analysis demonstrated that both Week 3 and
_ posttest scores were greater than pretest scores (pé.OS). When data of
Groups 1 and 2 were analysed together, significant differences were
seen in peak hamstring torque at 60 deg/sec. Post hoé¢ analysis showed
only that posttest scores were greater than pretest scores (p<.05).

Endependent sﬁmples t tesﬁ; revealed no significant differences
. between rates of percelved exertion of Groups 1 and 2 for any week
during treatmeht (p<.05). Dependent samples t tests showed significant
decreases in exerclse heart rates of subjects in Group 1 after six
weeks of treatment (p<.055. )

Disuse atrophy (manifested by decréases in peak torque in the
injured limb when compared to the uninjured limb) was demonstrated in
subjects’with two qonth to five year histories of knee jeint problems.
This atrophy-was more noteable 1n the quadriceps than in the
hamstrings. Further study bf this phenomenon is necessary to
understand the biochemical,rhiétochemical ana contractile changes that
occur after injﬁry in each muscle group.

The results of the present study suggest that none of these six
week programs of rehabilitative exercise was of sufficient length or

complexity to return the injured leg to the level of the uninjured leg
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"in quadriceps peak torque at 60 or 180 deg/sec, quadriceps endurance or
hamsiriug peak torque at 60 ‘degreéfsecond. Consideration should be
glven to developing more extensive programs of exerciéﬁ and to
continuing thé rehabilitation process for longer periods of time. In
addition, no one exercise program was significantly better at returning
the injured 1imb to the level of the uninjured.limb. Increased lgvels

of déily activity may play an importanf part in rehabilitation of this

muscle group. This component of rehabilittion should be investigated

further.
.

The findings of the present study suggest that %ittie change 1in

peak torque and endurance occur in the uninjured limb 'over the

rehabilitation process.
2 '

Heart rate data from Groqp 1 strongly suggest cgat the interwval
training based exercise program contributes to improved cardiovascular
status in the subjects. Further development of this program and more
extensive investigation of pﬁ§siological parameters are needed to fully
explore the potential of such iQterval training based exercise in
rehabilitation.

Analyses of rates of percéived exertién (RPE) suggesté& that
despite vast differences in cardiorespiratory parameters during

exerclse, no differences in RPE were noted. Further exploration of

differences among these types of programs may lead to some insights

into patients' perception of rehabilitation programs.
-4

Reconmendations for Further Scudy:’

The results of the present study suggest several possibilities

for further study.
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Study of bilochemical parameters within muscle before, during, and -
after treatment could provide some valuable insights. Through such
investigation, the effects of disuse and exercise on muscle fiber types
~and areas, and on the metabolic pathways and substrates could be
detérmiued. Examination of muscle during exercise could help to
determine the actual metabolic p;thuayé used for interval training
based exercise. The detailed study of phy#iological parameterg such as
‘oxygen uptake, heart rate, and blood pressure duriﬁg interval work
would demonstrate what effects the exerclse program has on the aeroblc
system.

The interval trailning based exercise program seems to hold some
pf;mise for use in rehabilitation. Investigation of the above )
mentioned parameters would help to evaluate whethér interval traiping
is, in fact, a useful type of exercise for rehabilitation. The
interval program itself should be redesigned to provide the most
diff%cult workout that can be tolerated by patients. In order to
evaluate the effects of either cyecling or timed weight training these
exercises should be applied and tested as separate protocols.

Several areas of study of the hamstring muscle group would be
beneficlal to increase understanding of the role of the hamstrings
during activity, and after injury and immobilization. Investigation of

the blochemical and histochemical propertles and electromyographic
activity would help to clarify the role of this muscle.
Endurance testing on the isokinetic dynomometer should be

reviewed and its reliability determined. If shown to be reliable, an

assessment of the amount of work done during the test may offer a more

meaningful measure of endurance for rehabilitative purposes.



Further investigation of the length of time necessary for return
of the injured leg to th% level of the uninjured 1eg.should be carried

out. Consideration should also be given to determining what

rehabllitation goals (in terms of peak muscle torque) should be

established to minimize chances of reinjury.
Home exercise programs should also be further investigated

Exercise groups with greater numbers of controls than those used in the

bresent study would help to determine whether effective rehabilitation

- can be carried out with winimal supervision.

Finally, 1t seems important to study the effects of these

rehabilitation programs using greater numbers of subjects and with more

evenly matched groups.
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APPENDIX A

KEY

The following abbreviations have been used in the tables, appendices

and text of this study:

deg/sec
nm

fp

RPM
mm/sec
Group 1
Group 2
Group 3
PRE

W3

POS

Q60
QIBQ
H60
H180
QEND
HEND
DIF
PER

SEM

Degreeq/éecond

Newton meters

Foot pounds

Revolutioas per minute

Miilimeters per second

Supervised Interval Trainiang Based Exercise Group
Supervised Progressive Reslstance Exercise Group
Unsupervised Home Exercise and Activity Group
Pretest scbre
Week 3 score
Posttest score
Injured leg
Uninjured leg
Peak quadriceps torque .at 60 dagrees/secoud
Peak quadriceps torque at 150 degrees/second
Peak hamstrings torque‘ak'go degrees/second
Peak hamstfing torque at 180 degrees/second
Quadriceps endurance score

Hamétring endurance score

Difference score

Difference score expresggd as a percentage

Standard error of the mean
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APPENDIX B

Interval Training Based Knee Rehabilitation Study

Information and Consent Form

o,
[

Purpose:
* 'The purpose of this study is to compare various techniques of muscle
strengthening in rehabilitation of knee musculature over a period of six

weeks. You will be asked to participate as a subject in one of three
groups.
Testing:

Both the injured and uninjured legs will be evaluated three
different times during this study, measurements will include:

a.) isokinetic peak torque of quadriceps femoris and hamstriongs,
measures at 60 degrees/second and at 180 degrees/second on the Cybex II

dynamoneter.
b.) isokinetic endurance of quadriceps femoris and hamstrings,
measured on the Cybex II dynamometer at 180 degrees/second.

Training:
You will be randomly assigned to one of the following exercise groups:
a.) Concentric progressive resilstance.exercise
b.) Interval training exercise
¢.) Independent exercise
Subjects in groups 'a' and 'b’ will be asked to attend treatment
sessions three times-weekly for a duration of six weeks.
subjects in group 'c¢' will be given a home exercise program-and will be
asked to perform the exercises daily and to keep a diary of partxcip—
ation in any physical activities.
The researcher will conduct all testing and treatment sessions.
The data and information obtained from the study will be used
tor scholarly publication and discussion. All data will remain
confidential and names will not be used to identify subjects.
Persohal data will be freely available to all subjects in the
study upon completion of the project.
The researcher agrees to answer any questions that the subject
may have concerning the procedures or any other aspects of the study.
The subjects are free to withdraw participation in the study
at any time and without prejudice. | .

Consent: )
I have read the description of the proposed research and understand

its potential -value. I have had the opportunity to ask questions
concerning this study. I am aware that I am free to withdraw from
participation at any time.

Signed: Date:

Witness: . Date:
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APPENDIX C

Calculati;;;#;:;\ﬁ?;vity Ad justed Torque

The procedure used to correct the torque scores forthe effects of

gravity followed the protocol outlined in the Cybex II Users Manual.

During each test session, a torque reading reflecting the weight of the
lower limb plus the arm of the dynamometer was taken. The iavestigator

aligned the axis of rotation of the dynamometer with -the axis of

rotation of the knee, adjusted the length'of the arm of the machine to

the leg length of the subject and strapped the subject's thigh and

shank to the dynamometer. The investigator, then lifted the leg above

s

horizontal and allowed the leg to ‘fall into flexion at 30
degrees/second, while recording torque and range of motion. The peak

torque and angle at which peak torque occured were noted.

The Cybex II printouts of peak torque for the quadriceps and
namétf;ng muscle groups at 60 and 180 degregs/second were later
analyzed using an electronic digitizer. "In this manner; the x
coordinate of the range of motion scale was matched with the x
coord{Pate for the peak torque. The y coordinate was noted. 'This.
procedure was repeated twice for each of two peak torque readinés; The
mean value of these four rea&ings was convertéd'to an angle measure-

.

ment by multiplying it by the digitizer scale factor-197/150.

»

To then determine the effect of gravity at the angle of peak -
torque, the formula (90 degrees — angle of peak torque - angle of peak
torque of the “weight”™ of thé leg and dynamometer arm) was used. The .

sine of this angle was then multiplied by the “"weight”™ (peak torque
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.

,d;ring weighing) of the leg as determined earxlier. This calculation
ylelded the amount of torque created by the lower leg due to gravity at
the angle of peak torque duriné quadriceps or hamstring contractioﬁ.'
During quadriceps gontréction, the subject exerted the torque recorded
by the Cybex II plus an additional amount .of torque to lift the limb

against gravity. Thus, the score derlved in the procedure mentioned

-

earlier is added to the peak torque derived from the test sessions at
60 and 180 deg/sec. During hamstring contraction, the subject

. A
exerted less torque.than that recorded in the test at 60 or 180

deg/sec because gravity is aiding in_éﬁe descent of the limb
-into flexion. A final step in the,cbnbersion of raw data is

multiplication of the gravity corrected score by 1.3558 to coavert foot

»
pounds to newton meters.

Example: Subject’l

Peak Iorque of leg and dynamometer arm = Zlbfp

Angle at which this measurement occured = O degrees

Quadriceps peak torque at 60 degrees/second = 215 fp

Mean y boordi;;te r;ading from the digitizer = 55.75

Mean angle at-which péak tprq;e occured = 55.75 x 197/150 = 42.45 degrees
Horizontal Variance - éO-AZ.AS - 0 = 47.55 degrees

Gorrected torque = [(sine of 47.55)(21)] + 215 = 230.50 £p

Corrected torque in Newton Meters = 230.50 x 1.3558 = 312.36 om
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APPENDIX D -

ANOVA TABLE ON POSTTEST SCORES OF THE INJURED LEG
COMPARING THE THREE TREATMENT GROUPS

Source df Sum of Mean ' F
Squares Square
Group 2 7899.57 = 3949.79
Q608 ‘ ' - 1.35
Error 12 35191.73 2932.64
Group 2 4203.04 2101.52 i
POSQLB0B : 1.26
* Error 12 19944 .98 11662.08
Group 2 657.04 328.52° -
POSH60B . T g.21
Error 12 18972.26 . 1581.02
Group 2 1434.32 717.16
© POSH180 -~ T 0.92
Error 12 9391.69 782.64
Group 2 ‘621.11 310.56
POSQBEND \\Erca;\ . 2.98
12 1252.51 104.38 '
] Group 2 108.99 54.50
POSHBEND . . 0.31
' Error 12 2109.61 175.80 ¢
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APPENDIX E

-

ANOVA TABLE ON POSTTEST DIFFERENCE SCORES
OF INJURED VS .UNINJURED LEGS

COMPARING THE THREE TREATMENT GROUPS

Source af Sum of Mean F
Squares Square
‘Group 2 1169.16 584.58 .
QADIF - L c. : , 0.68
Exrror Y12 10301.13 858.43 ‘
. - ~
_ " Group ' 2 ¢ 544.53 272.27
QCDIF . : : 1.40
Error ~2 2329.57 "194.13 ;
s ¥ ]
Group . 2, 208.31 104.15
HADIF * _ 0.88
K Error 12 . 1413.87 117 .82 -
':'A:. Y
t - .Group 2 73-67 36-84 v -
HCDIF 0.37 .
LI Error 12 1199.63 99.97 ,,
N :
_Group 2 210.83 . 105.41 .
QENDIF i . 1.99
Error 12 . 636.15" 53.01
¢ Group 2 355.41 °  177.70
HENDIF ‘ 1.99
Error 12 1072.47 89.37 . .
1
S
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APPENDIX F
/ F
ANOVA TABLE ONjPOSTTEST DIFFERENCE SCORES
EXPRESSED AS PERFENTAGES OF THE UNINJURED LEG
COMPARING?THE THREE TREATMENT GROUPS

Source df Sum of Meaﬁ F
Squares Square
Group 2 290.58 145.29
QAPER 0.88
Error 12 1972.69 164.39
Group 2 272.29 136.14 ‘
QCPER 2.30
Error 12 710.47 59.21
Group ' 2 128.98 " 64.49
HAPER 0.70
Error 12 1104.48 92.04
Group 2 181.55 30.78
HCPER 0.99
Error 12 1096.92 91.41
Group 2 1035.42 517.71
QENDPER 1.94
Error 12 - 3196.35 266.36
Group 2 7749.18 3874.59
HENDPER Co 2.43‘

Error 12 19135.31 1594.61
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APPENDIX G

ANOVA TABLE-ON PRETEST SCORES OF THE UNINJURED LEG

COMPARING THE THREE TREATMENT GROUPS

.

Source df Sum of Mean F
Squares Square
Group 2 6590.49 3295.24
PREQ60G 0.97
Error 12 40815.57 3401.30
Group 2 2975.44 1487.72
PREQLBOG 1.10
Error 12 16217.70. 1351.47
Group 2 2388.12 © 1194.06
PREH60G - 1.61
Error 12 8905.97 742.16
Group 2 544 .73 272.36
PREH180G 0.57-
Error 12 5723.82 476.99
Group 2 419.95 209.98 ‘
PREQGEND 1.80
Error 12 1398.93 116.58
Group . 2 107.93 53.96
PREHGEND 0.32
Error 12 2021.97 168.48
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’ APPENDIX H

ANOVA TABLE ON WEEK 3 SCORES OF THE UNINJURED LEG
COMPARING THE THREE TREANMENT GROUFS

Source df Sum of Mean F
Squares Square
Group 2 8782.44 4391.22
W3Qe0G 1.55
: Error 12 34061.36 2838.45
Group 2 2179.65 1089.383
W3QL80G 0.72
Error 12 18154.93 1512.91
Group 2 3497.76 1748.88
W3H60G 1.52
Error 12 13785.32 1148.78
Group 2 2083.28 1041.64
W3H180G 1.44
Error 12 8685.39 723.78
. Group 2 123.74 6l.87
W3QGEND L.42
Error 12 523.59 43.63
‘ Group 2 168.14 84 .07
W3HGEND . 3.98 *
Error 12 253.65 21.14

* Statistically significant at the p<.05 level
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APPENDIX I

-

"ANOVA TABLE ON POSTTEST SCORES OF THE UNINJURED LEG
COMPARING THE THREE TREATMENT GROUPS

Source df Sum of Mean F
Squares Square

Group 2 6715.10 3357.55

POSQ60G ) 1.19
Error 12 33767.16 2813.93 '
Group 2 3158.17  1579.08

POSQL 80G t 0.88
Error 12 21587.63 1798.97
Group 2 1605.32 802.66

POSH60G 0.66

) Error 12 14619.60 1218.30
Group 2 1608.46 804.23

POSHLB0G 1.13
Error 12 8567.91 713.99 ’
Group 2 194 .91 97.45

POSQGEND 5.56 *
Error 12 210.33 17.53
Group 2 167.94 83.97

POSHGEND 0.72
Error 12 1398.10 116.51

* Statistically significant at the p<.05 level
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APPENDIX J

TABLES OF ANOVA WITH REPEATED MEASURES ON THE UNINJURED LEG
COMPARING PRETEST, WEEK 3 AND POSTTEST SCORES

)
Variable Source df Sum of . Mean F
~ Squares Square

! Subject 4 46014.63 11503.66

Group 1 Time 2 78.09 39.04 0.30
Q60 Interaction 8 1028.66 128.58
Subject 3 14677.84 4892.61

Group 2 Time 2 219.24 109.62 2.86
Q60 Interaction 6 230.01 -~ 38.33
Subject 5 45352.99 9070.60

Group 3 Time 2 81.91 40.96 0.31
Q60 Interaction 10 1339.95 133.99
Subject 4 20800.20 5200.05

Group 1 Time 2 543.87 271.93 1.28
QL80 Interaction 8 1698.95 212,37
X Subject 3 5088.68 1696.23

Group 2 Time 2 180.70 90.35 2.96
Q180 Interaction 6 183.38 30.56
Subject 5 25655.07 5131.01

Group 3 Time 2 179.29 "89.65 0.35
QL80 Interaction 10 2533.98 253.40

N

\

* Statistically significant at the p{{OS level
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APPENDIX J (continued)
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TABLES OF ANOVA WITH REPEATED MEASURES ON THE UNINJURED LEG
‘QQMPARING PRETEST, WEEK 3 AND POSTTEST SCORES

Variable Source Sum of Mean F
Squares Square
Subject 4 20734.83 5183.71
Group Time 2 226.62 113.31 1.88
H60 Interaction 8 481.89 60.24
Subject 3 1792.53 597.51 )
Group Time 2 468.89 234.45 2.95
H60 Interaction o 476.55 79.43
Subject 5 12746.81 2549.36
Group Time 2 609.44 304.72 2.83
H60 Interaction 10 1078.26 107.83
Subject 4 11381.26 2845.32
Group Time 2 73.56 36.78 0.42
H180 Interaction 8 698.94 87.37
Subject 3 696.97 232.32
Group Time 2 172.27 86.13 1.16
H180 Interaction 6 445.63 74.27
Subject 5 8956.34 1791.27 »
Group Time 2 1308.44 654.22 8.20 *
H180 10 - 797.99 79.80

Interaction

* Statistically Significant at the p<.05 level
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APPENDIX J (continued)

TABLES OF ANOVA WITH REPEATED MEASURES ON THE UNINJURED LEG
COMPARING PRETEST, WEEK 3 AND POSTTEST SCORES

Variable Source df Sum of Mean F

Squares ., Square
: Subject 4 747.81 186.95
Group 1 Time 2 75.96 37.98 0.73
QGEND Interaction 8 416.52 52.06
Subject 3 375.28 125.09
Group 2 Time 2 143.14 71.57 3.57
QGEND Interaction 6 120.3Q' 20.06

Subject 5 274,15 54.83

Group 3 Time 2 11.68 5.84 0.29
QGEND Interaction 10 198.72 19.87
Subject 4 999.86 249,96

Group 1 Time 2 54.38 27.19 0.47
HGEND Interaction 8 462.90 57.86
Subject 3 610.73 203.58

Group 2 Time 2 27.31 13.65 0.15
HGEND Interaction 6 552.60 92.10
Subject 5 61351 122.70

Group 3 Time 2 110.33 55.16 1.27
HGEND Interaction 10 434.12 43.41

* Statistically significant at the p<.05 level

-



94

APPENDIX K e

TABLES OF ANOVA WITH REPEATED MEASURES ON GROUPS 1 AND 2 (COMBINED)

COMPARING

PRETEST, WEEK 3 AND POSTTEST SCORES

¢

-

Variable

Source df Sum of Mean . F Ratio
Squares Square
S

Subject 8 72632.75' 9079.09

Q60 Time 2 129.08 64.54 0.45
Interaction 16 2284.92 142 .81
Subject 8 27556.38 ‘3444 .55

Q180 Time 2 687.31 343.66
Interaction 16 1919.58 119.97
Subject 8 23897.95 2987.24

H60 Time 2 653.13 326.57 . 5.22 *
Interaction 16 1000.82 62.55

© Subject 8 12630.42 1578. 80

H1B0 Time 2 151.15 75.58 0.98
Interaction 16 1239.25 77.45
Subject 8 1162.57 145.32

QGEND Time 2 190.70 95.35- 2.70
Interaction 16 565.29 35.33
Subject 8 3158.56 | 394.82

HGEND Time 2 31.27 - 15.63 0.29
Interaction

16 867.16 ) 54.20

- % Statistically significant at the p<.05 level
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INDEPENDENT SAMPLES t TEST FOR ATTENDANCE OF GROUPS 1 AND 2

42

Group X +.SEM t Ratilo
Group 1 17.00 + 0.45
c.88
Group 2 16.00 + 0.29
R .
4
APPENDIX M

-
-

ANOVA TABLE ON AGE OF SUBJECTS
COMPARING THE THREE GROUPS

Source - df " Sum of Mean F

Squares Square
. -
Group 2 253.88 126.94
AGE . _ 0.97

Error 12> }567.&5 130.62
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APPENDIX

N

MEAN PEAK TORQUE OF THE INJURED LEG + SEM (FOOT POUNDS)

VARIABLE GROUP 1 GROUP 2 GROUP 3

PREQ60 147.35 + 28.78 127.69 + 14.58 176.76 + 16.32
POSQE0 138.72 + 19.33 129.43 + 11.96 168.36 + 18.22
PREQL80B  102.21 % 18.03 93.26 + 11.00 114.55 + 11.52
POSQL80G.  101.85 + 14.04 97.69 +°10.70 124.99 % 13.59
PREH60B 81.04 + 16.56 67.23 + 5.48 91.18 + 7.04
POSH60B’ 88.93 + 15.28 83.85.+ B8.40 95.81 + 12.65
'PREH180B 62.02 + 11.26 51.02 + 2.60 71.86 + 6332
POSH180B 67.04 + 9.43 60.53 + 7.03 77.95 + 9.55

S
APPENDIX O
MEAN PEAK TORQUE OF THE UNINJURED LEG + SEM (FOOT POUNDS)

VARIABLE GROUP 1 GROUP 2 GROUP 3

PREQAG 171.40 + 21.55 156.59 + 15.68 194.15 + 18.23
W3QAG 170.76 + 20.64 149.03 t 14.14 193.29 + 15.92
POS QAG 174.61 + 19.73 151.46 .+ 15.17 190.47 * 16.15
PREQI80G  113.99 + 13.54 104.78 + 9.35 129.83 + 11.71
W3QL80G 124.43 ¥ 14.57 111.77 + 7.87 133.98 + 12.76
POSQLB0G  121.84 + 14.70 108.74 + 9.47 135.29 + 14.54
PREH60G 85.78 + 13.17 73.29 * 4.79 96.50 + 6.06
W3H60G 90.56 + 14.78 79.39 + 5.33 106.84 + 9.64
POSH60G 92.63 + 13.61 84.57 + 7.17 103.28 + 11.00
PREH1806G 64.52 T 10.25 56.13 ¥ 2.06 67.03 * 5.66
W3H1806 68.44 + 10.68 59.48 + 4.73 80.74 *. 8.52
POSHI80G  65.77 + 10.47 62.98 + 5.01 79.97 + 8.50
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