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The purpose of this thesis was to evaluate the change in the vertical forcetime 

curve of a chair rise in the elderly after a 12-week moderate intensity lower body 

resistance training program. The mistance training consisted of elastic tubing and squat 

exercise classes three times a week Eight subjects completed the resistance program, and 

six control subjects attended a stretching class three times a week Mean age of the 

subjects was 73 years. 

The r d t s  suggested that the training subjects gained lower body strength 

compared to the control subjects. It appears that this strength increase led to changes in 

the vertical force-time curve ofa chair rise. Significant changes were seen in the training 

group's decreased Mid ,  which is the amount of undershoot caused by deceleration of the 

vertical forces following the vertical rise @=0.043), and their increased peak slope, 

representing the peak power generated in the rise Q M . 0  17). 
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INTRODUCTION 

"By the year 203 1, it is expected that 20!!% of Canada's population will be over the 

age of 65 - which is estimated to be more than eight million seniors.*(Eiot, 1996). This 

trend of aging demographics in Canada brings to the for&ont many health issues 

pertaining to the elderly. Included in these issues is the role of physical fitness and 

exercise in relation to the quality oflife and health of senior citizens. 

Physical Mness is desaibed by the World Health Organization as the ability to 

perform muscular work satisfactorily (Shephard, 1985). Exercise increases physical 

h e s s  and is a aitical part of a healthy lifestyle- More specifically for the elderly, physical 

fitness aims to widen the range of independent living and pleasurable activities (Shephard, 

1985). This objective in itself is reason enough to promote exercise and fitness among the 

aged; however, the benefits of physical fitness do not stop at these lifestyle improvements. 

There is growing &dace that exercise has a positive influence, both long-tem and short- 

term, on the health of the elderly population (Gorman & Posner, 1988). In addition to the 

improvements in cardiovascular health and exercise capacity, exercise may also have a role 

in p r d g  bone density and slowing some neurophysiological losses (Gorman and 

Posner, 1988). 

In the past, both research and the mass media have focused on the necessity of 

aerobic activity to improve health. Aerobic exercise induces cardiovascular health benefits 
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and perhaps prevents some neurophysiological decline, but the pre~e~ation of and 

increase in bone density appears to be seen primarily with weight bearing or resistance 

exercise (Elward and Larson, 1992). In addition, a large concern for older adults is the 

loss of muscle mass and muscle strength. It seems that some minimal level of muscular 

fitness is critical for individuals to retain their independence (ACSMJ995). In a young 

person, aerobic exercise is usually Mcieut to sustain an adequate muscle mass. 

However, this is not necessarily true for older individuais (Shephard, 1985). More than 

any other form of exercise, strength training may have a larger impact on quality of life 

and health in the elderly- 

1.1 Strength Loss 

With aging, decreases occur in muscle cross-sectional area and motor unit number, 

activation and synchronization (Tseng et al., 1995). These decreases lead to a 10s of 

muscle stren* Fisher et al. (199 1) state that the strength loss is gradual umil the age of 

50 years, and thereafter a significant loss of muscle strength occurs. From age 69-80 

years, there appears to be an approximate three percent per year decrease in muscle 

strength (Aniansson et al., 1992). This strength decline is prevalent in both arms and legs, 

(Whipple et al., 1987) and the decrease in the lower extremities leads to gait inhibition 

and difEdties with other movements that require lower body strength. It seems that 

strength is imperative for nonnal, independent funaon. Tseng et aL (1995) agree that 

strength loss prohibits independent living for the aging population and they state that this 

conmiutes to a major financial drain on the h d t h  care system 



1.2 Financial Ramifications 

This financial Qain can be p d y  attniuted to both acute and chronic problems 

exacerbated by a lack of muscle strength leading to a loss of independence in the elderly. 

Strength loss leading to muscle weakness (particularly in the lower body) contnibutes to 

W s  (Gehlsen et d., 1990). The acute care costs of M-related fktures are ten billion 

dollars per year in the United States (USA) (Timetti a al., 1994). Canadian costs are 

estimated at approximately ten percent of those in the USA due to population differences. 

A fkther seven billion dollars per year in health care costs in the USA can be attributed to 

infllfficient muscle strength and endurance - a chronic problem. This muscle weakness 

leads to the inability to perform activities ofdaily living (Rowlds & Lyons, 1991). Both 

the acute and the chronic problems associated with muscle weakx~ess primarily tend to 

affect the elderly. This is a particular concem due to the growth of the aging demographic 

segment- 

Senior citiKns constitute the West growing age group in the USA population 

(Hopkins et al., 1990). This is comparable in Canada where in 1991 1 1.6% of  the 

population was at least 65 years of age, and in the year 201 1 the projected percentage is 

14.6%. Ifboth the heaith problems associated with aging and the demographic trends 

continue, the health care system wiU be under gnat financial strain in the near fbture. 

Resistance exercise may be an important part of the solution. Even in the very fhil and 

aged, exercise can build strength (Fiatarone et al., 1990; Fisher et ill., 199 1) thus arresting 

or even reversing some of the mu& weakness due to age. Muscle strengthening in the 

elderty can potentially save the health care system a significant amount of money. 



1.3 Resistrace Trainiag 

Resistance training has been shown to increase muscle mass and neural 

coordination which lead to increased muscle strength @ox et al., 1993). Many studies 

have shown a strength gain in the elderly with resistance training (Fiatarone et al, 1990; 

Frontera et al., 1988; Grimby et al., 1992; McCmey et al., 1995; McMurdo and Burnett, 

1992; Mikesky et al., 1994; Morganti et al., 1995; Pyka a al., 1994). The question may 

be whether these strength gains translate into increased functionality. Tests of functional 

mobility often include measures of gait, stairclimbing capability, adequate strength to carry 

packagesy and the abiity to rise out of a chair- However, there is no consensus on the 

benefits to the elderly of strength training in terms of mbhkhg fimctional dependence. 

Some studies show that these strength increases can translate into significant gains in 

mobilityy as measured by walking velocity (Hunter et al., 1995) or by sit to stand time 

(McMurdo and Ramie, 1993). Other studies have shown either very small differences or 

no differences in functional ability after resistance training (Midrow et al., 1994; Skelton et 

al., 1995; Topp et al., 1993). 

1.4 Chair Rise 

Rising from a chair is considered one of the most mechanically demanding 

fimctional tasks routinely undeMkea during daily activities. This is due to high peak 

contact pressures and knee torques (Rileyy 1991). The timed chair-rise is a common tea  

of hctional dependence. McMudo and Ramie (1993) found an improved timed chair 

rise during a seven month strengthening program. However, other studies have shown no 
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change in chair-rise time after a strengthening regime. Skelton et al. (1995) found no 

improvement in the speed of a chair rise or multiple chair rises after a 12-week resistance 

training program in the elderly. Likewise, Hoy and Marcus (1992) also determined 

resistance trainiag to have no e f f i  on chair rise time or on the magnitude of the chair rise 

vertical force peak in the elderly. Perhaps the timed measurements do not adequately 

assess change in hctional ability- 

F l a g  et al. (1991) discovered that several parameters in the force-time curve of 

a chair rise, including minimums, maximums and slopes, change with age. These same 

parameters are also different between subjects who have men (fallen), and subjects who 

have not Men (non-Wers) in the previws year. Compared to the fallers, the non-fders 

appeared to have more similarities in their forcetime curves with younger subjects. Falls 

are associated with many &actors, one of which is lower extremity weakness (Timetti et al., 

1994; Tinetti et al., 1995; Whipple et al., 1987). These findings suggest that the chair rise 

force-time differences in older subjects and in the Wers as compand to younger subjects 

may be caused by muscle weakness in the legs. 

1.5 Summary of the Problem 

Age-related muscle strength loss wnm%utes to health degeneration and decline in 

fbnctionality of the elderly. This strength decrease in the elderly leads to an inability to 

perform the activities of daily living, which increases health care costs (Tseng et al., 1995). 

A portion of  this decline in fbnctiond ability is thought to be caused by inactivity. 
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Research is needed to d a d e  which modes of training contniute to gains in or 

maintenance ofvarious measures of fimctioDal ability- 

1.6 Purpose o f  tbe Study 

The purpose of the present study is to determine whder  a 12-week lower body 

resistance training program influences lower body strength in senior citizens compared to 

a control group that completes a gentle stretching program Ifthe training does affect 

lower body strength, the present study evaluates whether these changes m o w  the 

vertical force-time a w e  of a chair rise. Senior citizens are defined for this study as older 

adults belonging to a senior citizens group or living in a senior citizens home or lodge, 

who responded to an advertisement requesting "senior citizen volunteers". 

1.7 Statement of the Research Hypothesis 

The subjects completing the resistance training program will change their lower 

body strength as measured by a strength/enduance task as compared to the control 

subjects who did not participate in the strengthening program. Furthermore, the resistance 

training group compared to the control gmup, wiU change the following vemcal force- 

time parameters in a chair rise: 

the peak slope (Pslope) defined as the peak rate of force development 

representing the peak power generated 

the maximum vertical force (Max) generated 
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the second curve minimum m) defined as the amount of  undershoot caused 

by deceleration of the vertical forces following the upward movement 

the first auve minimum (Mjnl) d&ed as the amount of undershoot caused by 

momentum generation prior to the weigh off the chair phase 

the ratio of maxiad vertid force to the second minimum (Max/Min2) 

representing the ability to accelerate and decelerate the vertical forces 

In addition, the subjects completing the resistance training program will change 

their self-repond perception of fitness level over the 12 weeks compared to the control 

subjects. 



LXTERATURE REVIEW 

2.1 Strength Loss in the Elderly 

There exists some dispute about the occurrence of strength loss due solely to 

aging. Aniansson et al. (1992) suggest that the loss of strength due to aging in a n o d  

population is approximately three percent per year from age 69 years to 80 years. This 

research group found longitudinal evidence of significant reductions (2535%) in knee 

extensor muscle strength in the elderly over an 1 l-year period (Aniansson et al., 1992) and 

found that there was a 10-22% strength loss in subjects from age 73 to age 83 over a 7- 

year period (Aniansson et al., 1986). However, this view of inevitable strength decline 

with aging does not receive universal support. Greig et al. (1993) obswed no significant 

change in the isometric quadriceps strength of 14 men and women in the seven year period 

fkom age 74 to 8 1. This could be explained by the habitual physical activity beyond the 

norms for their age by the Greig a al. (1993) subjects. The Greig et al. (1993) study 

supports the use-itsr-lose-it skeletal muscle atrophy model, rather than the aging theory 

of atrophy supported by Aniansson et al. (1992; 1986). It appears that with aging, 

regardless of whether strength loss actually occurs, skeletal muscles become more inclined 

to lose strength- 



According to Thompson (1994), the principal factors contributing to the strength 

loss with aging include: 

muscle atrophy 

motor unit adaptations 

enzymatic changes 

rate of caiciurn traaspoR 

activity levels 

Muscle atrophy is caused both by decreased muscle fiber number and decreased 

fiber cross-sectional area, atthough the primary atrophy-causing factor appears to be 

decreased fiber number (Aniansson e? al., 1992). Lexel et al. (1988) looked at muscle 

volume in 43 previously healthy male cadavers age 15-83 years. This study dearly 

demonstrated a progressive reduction in muscle area in the vastus lateralis with increasing 

age. In addition, Lexell et aL (1988) found that m u d e  area was more closely related to 

fiber number than to mean fiber size. They therefore concluded that it is likely that fiber 

loss is the main explanation for reduced muscle area. 

Booth et al. (1994) proposed a motor unit loss beginning at approximately 50 years 

of age. There is evidence &exell& Downham, 1991) that some of the muscle fibers fiom 

the lost motor unit become reinnervated by remaining motor units. This is termed 

collateral nervous sprouting (Booth a al., 1994). It results in the creation of larger motor 

units and could cuntniute to the age-related loss of coordination (Spirduso, 1995). 
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There is no consensus on the issue ofenzymatic changes. Evidence exists both for 

and against decreased gIycoLytic enzymetic activity with age (Thompson, 1994). It seems 

that enzyme decline with age may depend on muscle fiber type. Carmeli & Replick 

(1994) stated that the greatest decline of glycolytic enzymes was observed in muscles 

containing high proportions o f  Type II fibers. Likewise, the reduction of mitochondria1 

enzyme activity was more pronounced in oxidative muscles (Carmeli & Redck, 1994). 

These issws continue to be investigated. Proctor et al. (1995) and Aniansson et al. (1992) 

agreed that age does not appear to affect aerobic enzymatic activity- Biochemical results 

seem to indicate that enzymatic changes are not the primary factor responsible for the loss 

of muscular capacity with age. 

The rate of calcium transport in muscles decreases with age due to a reduction in 

the sarcoplasmic reticular volume and a decrease in the calcium pump activity (Thompson, 

1994). These factors affect the contraction time in older muscles thereby reducing muscle 

strength. 

Lastly, the proportion of the population who exercise vigorously has been shown 

to decrease with age (Goman& Posmr, 1988). This makes it very difficult to determine 

which are the characteristics of aging muscle and which are the characteristics of disuse 

due to decreased activity. A large portion of the aging phenomenon could very well be 

attributed to inactivity- 



2 2  Influence of Exucise Design on Outcome Variables 

One form of activity is resistance training. Various strength training p r o m  

with diverse protocols have been examined by many researchers. Weight training using 

isometric, isotonic and isokinetic muscle contractions all have been shown to provide 

strength gains in adult populations (Momssey et al., 1995). It seems that the efficacy of 

the resistance training program depends not only on the type of muscle contraction, but 

also on the following three variables: 

Intensity 

Frequency 

Duration 

It is not yet known how to manipulate these variables in order to optimize training 

effects. Furthermore, there are heath and s a f i  issues to be considered when designing 

programs for the elderly. Creating an appropriate training protocol is an intricate task. 

2.2.1 Intensity 

The intensity of training seems to be a critical variable (Porter and Vandervoon, 

1995). The overload principle states that the strength of a muscle will increase only when 

the muscle performs for a given time period at its maximal strength capacity (Fox et al., 

1993). Following this principle, a certain intensity of training must be achieved in order to 

elicit strength gains. Despite this, Go- and Posner (1988) speculate that even very 

low level strength programs would counteract some of the detrimental health 



consequences of disuse in immobile and disabled older people and perhaps help in 

maintaining activities of daily living- 

Intensity can be assessed by various physiological measures, number of repetitions 

to fatigue or by a perceived exertion rating. The Borg scale is used to quantify perceived 

exertion (ACSM, 1995). Tbis method uses a 15-point scale numbered 6-20 representing 

descriptions to estimate exertional stress from "very, very light" to "very, very hard" 

(Leslie, 1989). The American College of Sports Medicine (1995) recommends training at 

a perceived exertion level of no higher than 12- 13 (somewhat hard) for elderly 

participants. This recommendation is based primarily on minimkhg risk to the exercisers. 

The mesolved issue continues to be the optimal level of exercise intensity for the aged- 

The intensity of a training session also depends on the number of repetitions 

performed. There is less controversy m o ~ ~ ~ d i n g  this issue. The general consensus is 

that for high-intensity strength training each exercise should be performed for 8-12 

repetitions as sugges?ed by Fiatarone (cited in Drought, 1994) and the American College 

of Sports Medicine (1995). More consavatively, Hwley (1995) recornmends 10-15 

repetitions per exercise. In strength training for the younger population, maximum 

strength is best developed by performing sets to fhtigue consisting of one to eight 

repetitions (Stone and Kroll, 1986). Conversely, many repetitions with less resistance 

maximizes local muscular endurance. However, the American Colege of Sports Medicine 

(1995) cautions when training the older adult, never to use a resistance that is too heavy 

to complete at least 8 repetitions. Therefore, 8-12 repetitions completed to fatigue or near 

fatigue would be classified as high-intensity training for senior citizens. Exercises should 
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be performed for two to three sets each as the individual becomes conditioned enough to 

tolerate muhiple sets as suggested by Fiatarone (cited in Drought, 1994). The number of 

exercise should depend on the number of exercises performed per set, and the muscle 

groups being trained as well as practical issues, such as the time available (Hurley, 1995). 

When more than ten exercises are used, and when some of the exercises overlap muscle 

groups, it may be counterproductive and unrealistic to expect older adults to perform 

multiple sets @IurIey, 1995). 

It also becomes important to determine the cadence of the exercises performed. 

With senior citizens the movements should be completed slowly, through the entire range 

of motion (Drought, 1994). However, if light repetitions are performed slowly, very Iittle 

work will be performed, and there will likely be Me benefit in musde adaptation (Stone 

and Kroll, 1986). There appears to be a trade-off between optimal muscle adaptation and 

training adjustments for the elderly. 

Lastly, the amount of rest between sets and between exercises must be resolved. 

One to three minutes of rest between sets are recommended for rest intervals (Hurley, 

1995). Ninety-five percent of muscle rezovery fiom fatigue (defined as momentary 

fdwe) occurs in two and a halfminutes (Stone and KroU, 1986). Less time is necessary 

when muscles are not worked until failure. 

Low-intensity p r o m  have produced muscle strength increases of 18Y0 after 6- 

weeks of training (Fisher et al., 1991), and ofup to 3 W  after 32-weeks of training 

(McMwdo and Burnett, 1992). The definition of low intensity seems to vary fiom study 

to study. It is questionable in the Fisher et al. (1991) training protocol which included 
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maximal isometric contractions. A maximal contraction program seems to be of a 

reasonably high intensity. McMurdo and Bumett (1992) simply desaibed  the^ training as 

"low resistance muscle strengthening". The actual intensity was never defined. 

In order to make large gains in strength, high-intensity resistance is necessary 

(Porter and Vandemoort, 1995). Knee flexion can increase up to 227% in 12 weeks 

(Frontera et al., 1988). Fiatarone et al. (1990) found average strength gains in knee 

extension of up to 174% in 8 weeks. It appears that by completing at least one set of 8 

reps at 70980% of a one repetition maximum per training session, the elderly can attain 

exceptional strength gains (Porter and Vandervoort, 1995). 

Contrary to the majority of the research, there is some evidence to counter the 

rationale for high-intensity training to maximize strength gains in senior citizens. Hunter 

and Treuth (1995) studied women aged 60-77 yean. They found a negative relationship 

between the relative amount of weight used in training and the strength increase 

demonstrated by each woman individual subjects were responsible for their own intensity 

increases. Tho= who trained at relatively low intensities acquired a greater strength 

increase at the end of the study. Furthermore, the increase in strength was independent of 

age and initial strength levels. The authors speculated that recovery fiom high intensity 

exercise may be slower in older individuais. This would suggest the use of lower training 

intensities in order to optimize strength gains in an older population. 

Despite the Hunter and Treuth (1995) result, it would seem that the majority of 

research endorses the principle of high intensity training to maxhke strength gains. 

However, significant gains seem to be attainable with low-intensity training. 



2.2.2 Frequency 

The frequency oftraining is the second variable that determines the type of 

program. Referring to low-intensity exercises for the elderly, repetition is the most 

important fhctor, the exercises should be performed every day, prderably three times daily 

(Lomerblad, 1984). Conversely, for high-intensity strength training, approximately 48 

hours ofrecovery time between each exercise session is recommended (Hucley, 1995; 

Porter and Vandervoort, 1995). 

The frequency most ofien recommended is three times a week (Stone and KroU, 

1986). However, Hicks et aL (1 991) acquired comparable strength increases with only 

two tmhhg sessions per week. Speculation by Hunter and Treuth (1995) considers that 

two days a week of training may be more appropriate for the elderly because the older 

adult may need more recovery time. 

2.2.3 Duration 

The duration of each exercise session should be no more than one hour (ACSM, 

1995; Leslie, 1989). No studies with older adults were found that utilized training 

sessions which lasted longer than one hour. It is assumed that very little can be 

accomplished in the weight room by training in excess of one hour, additional to the 

benefits gained within one hour. 

Duration also rders to the length of the program. Until recently, it was believed 

that increases in strength levels due to resistance training in the elderly were caused 

entirely by neurological factors (Hurley, 1995). It is now thought that at the beginning of 
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a strength training program, a rapid, dramatic improvement in strength and power occurs 

due to improved neurological coordination of the motor units (Spirduso, 1995). But, 

following the neural changes, muscle mass can also increase, even in the older adult. 

These increases can occur in as few as six weeks (Frontera a al., 1988), or eight weeks 

(Fiataroae et al., 1990). Most research looking at physiological adaptations to exercise in 

the elderly incorporate 12-week intervention programs (Froatera et d, 1988; Keen et al., 

1994; Mikesky et d., 1994; Skelton et al., 1995; Topp et d., 1993). Twelve weeks seems 

to elicit significant strength changes, with an &cient cost and time investment. 

2.2.4 Speed of Trainhag 

Ewing et al- (1990) demonstrated that after ten weeks of training the knee flexors 

and extensors on an isokinetic dynamometer, the greatest strength increases during testing 

occurred at the training velocities. The group that trained at fast velocities showed no 

strength gains in slow contraction testing, and the group that trained at slow velocities 

showed no strength gains in rapid contraction testing. 

However7 Behm and Sale (1993) provide evidence suggesting that the key faaor 

in isokinetic strength training is not the actual speed of muscle contraction, but the 

attempted speed of wntraction. They found the key to training for high velocity 

movements in the ankle dorsiflexors is to provoke a high rate of force development 

regardless of the contraction type or speed. 



For safety, however, older adults should perform movements slowly, through the 

entire range ofmotion without Swinging or bouncing at the end of the movement as 

suggested by Fiatarone (cited in Drought, 1994). 

2.2.5 Angle of Training 

Bandy and Hanten (1993) found that training at a specific angle was important in 

producing strength increases Their research involved isometric training at various angles 

for the quadriceps fernoris. The greatest torque increases in a training intervention were 

generated by training at the aagle at which testing occurs. To elicit maximal gains, a 

training program must focus on angle specific training. 

2.3 Elastic Tubing as a Special Form of Strength Training 

There are disadvantages inherent in some resistance training programs for an 

elderly population. Older adults may not have adequate money or transportation to allow 

access to the necessary equipment for traditional weight training (Mikesky et al., 1994). 

Also, the older generation may be seIf-conscious and intimidated by the prospect of 

exercising with younger people in a weight room (Mikesky a al., 1994). Because of these 

factors, a portable, economical mode of resistance exercise is more suitable for the elderly. 

Elastic tubing is inexpensive, compact and easy to use (Mikesky et al., 1994). 

Evidence shows that resistance training using elastic tubing can senre as a practical and 

effective means of eliciting strength gains in the elderly (Mikesky et al., 1994; Skelton et 

al., 1995; Topp et al., 1993). Mikesky et al. (1994) found significant increases in 
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isokinetic eccentric knee extension and flexion in adults over 65 years of age after a 12- 

week home-based elastic tubing training program. In 12 weeks, Skelton et al. (1995) 

measured improvements in isometric knee extensor strength, isometric elbow flexor 

strength, and handgrip strength in women aged 75-93 years old. The Topp et al. (1993) 

study found after 12 weeks oftraining, that there was an improvement in isokinetic 

eccentric knee extension and flexion All three of the aforementioned studies used 

randomized experimental designs to test the efficacy ofetastic tubing resistance training. 

The question mains  whether strength gains produced by elastic tubing translate 

into increased functional ability as measured by a chair rise. Evidence supports exercise- 

type specificity, the greatest training effects occur when the same exercise type is used for 

both testing and Vaining (Morrissey et al., 1995). 

The research on speed of training suggests that the training program for a fast 

chair rise must include muscle contractions initiated by a high rate of force development. 

In addition, the speed of contraction must be at least the speed of execution of the chair 

rise. 

The research on angle of training suggests that the muscles gain strength primarily 

in the positions at which they were trained. The maximal torques in the hip and knee both 

occur just following the seat off phase of a chair rise (Kelley et al., 1976). According to 

Wretenberg and Arborelius (1994), the peak power produced by the knee extensors 

occurs at a knee angle between 80-90°, and the peak power produced by the hip extensors 

occurs at a hip angle between 90-100"- These angles appear to correspond with the 

rnaxkd torques at the seat off phase of the rise described by KeUq et al. (1976). To 



optimize fhctional gains, a training program for a cbair rise should provide peak 

resistance at these angles where peak resistance is encountered. 

2.4 Testing 

2.4.1 Squat Testing 

The success of a training study depends on accurate strength assessments. For 

accurate maximal strength testing results, one needs subjects who are motivated and 

codortable both with the equipment and with the exercise required. This is difficult to 

generate with elderly subjects unaccustomed to strength training, and cautious in their 

physical output. A popular strength test with the general population is the one repetition 

maximum This test utilizes a trial-and-error process to determine the greatest amount of 

weight an individual can lift (Howley and Franks, 1986). However, in the interest of 

safety, the American College of Sports Medicine (1995) recommends no resistance 

exercise using heavier weights than eight repetition maximums for the elderly. There are 

many studies that disregard the recommendations and proceed with one repetition 

maximum tests (Fiatarone et al., 1990; Frontera et aL, 1988; Hunter and Treuth, 1995; 

Hunter et al., 1995; McCartney a al., 1995; McMurdo and Burn- 1992; Morganti et al., 

1995; Nelson et al., 1994; Pollock et al., 1991; Pyka et ai., 1994). Aside fiom safety 

concerns, doing a proper weight-lifting exadse is a leaflled motor skill, therefore the 

results fkom one repetition maximum testing might not be a good measure of strength 

especially at the beginning oftraining when both the tester and the participant tend to be 

cautious (Porter and Vandervoort, 1995). 



Another option in lieu of xnaxhd strength testing may be the sit and stand 

muscular strength and endurance test. In this test, each subject stands upright fiom a 

seated position as many times as possible within 30 seconds (Spirduso, 1995). This test 

and sirnilar chair stand tests are frequently seen in the literature, partidarly with lower 

hctioning subjects (Brill et al., 1995; Czuka and McCany, 1985; Fiatarone et al., 1990; 

Fleming et al., 1991; Hoy and Marcus, 1992; Hunter et al., 1995; McMurdo and Rennie, 

1993; Skelton et al., 1994; Skelton et al., 19%). ' The internal consistency, reliability and 

the tea validity based on correlations with a one repetition maximum leg extension 

measurement on Cybex strength-testing equipment are high (Spirduso, 1995). However, 

there are flaws in this association Training for muscular endurance as compared to 

strength will produce different adaptations in the neuromuscular system, so making 

improvements in one will not necesdy mean an improvement in the other porter and 

Vandervoort, 1995). The repetitive chair stand is testing the muscular endurance system, 

not the muscular strength system. Due to safety concerns and questions about the 

legitimacy of certain tests, there appears to be significant limitations in strength testing in 

the elderly. 

2.4.2 Chair Rise Testing 

Perhaps among the elderly it is more important to measure changes in function 

rather than to measure pure strength. Physiological firnctional ability decreases with age 

and eventually this decline in physical performance can produce hctional impairment and 

can add to the morbidity of chronic diseases (Lanoq 1991). Improvements in functional 
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ability are difEcuIt to quantify. However, the capacity to perform certain movements 

necessary far an independent life is one form of quantification- 

One such movement is the ability to rise out ofa chair without difficulty. Fast 

rising fkom a chair produces greater knee torques than either measures of gait or stair- 

climbing ability as suggested by Berger d al.3 study (cited in Riley a al., 199 1). 

Wretenberg and Arborelius (1 994) determined that during a chair rise, wncentric work 

by the hip and knee extensor muscles is the most important muscle activity. They also 

found that there is a demand, although it is less significant, for eccentric work by both hip 

flexor and extensor muscles, and for concentric work by the hip flexor muscles. Hip 

extensors include the gluteus maximus, semitendinosus, semimernbranosus, biceps femoris 

and adductor magnus. The knee extensors include the quadriceps group consisting of the 

rectus femoris, vastus lateralis, vastus medialis and vastus intermedialis. The hip flexors 

include the iliacus, psoas major, tensor fkscia lata, rectus femoris, sartorius, adductor 

longus, adductor brevis and pectineus (Seeley et al., 1989). The vertical force-time curve 

of a chair rise is thought to reflect strength, power and the motor control ability of these 

muscles meming et al., 199 1). 

Fleming et al. (1 99 1) developed a chair rise test that quantifies a subject's ability to 

perform this movement. Using a force transducer, the vertical force applied onto the 

ground fiom the subjects' feet can be measwed when subjects stand up from a chair. The 

protocol Fleming et al. (1991) developed, required that the chair rise be done as quickly 

and as forcefblly as posnile fkom an armless chair. 



22 

Faster speeds of chair rising require greater output fkom the hip flexors, knee 

extensors and ankle dorsinexors as shown by Pai and Rogers (cited in Pai and Naughton, 

1992). In addition, Pai and Lee (1994) found that a chair rise at various speeds had no 

variation in the momenturn of the head-anno- but that the peak thigh and shank 

momentum increased with a more rapid movement This suggests that a more dynamic 

chair rise depends primarily on leg strength rather than using the uppa body. 

According to Fleming et al. (1991), there are discriminatiog variables that 

differentiate levels of bctioaal ability during the chair rise. They include the following: 

higher peak power rising fiom a chair 

higher overshoot (Max) and lower undershoot (Min2) prior to the standing 

plateau when rising fiom a chair 

higher ratio of Max to Mia2 (Max/Mio2) 

These variables are shown in Figure 1. The power is represented by the slope of 

the force-time curve, assuming that the distance of the chair rise remains constant for each 

subject. The momentum generating phase is when the v d c a l  force begins to drop to the 

first minimum (Minl). For normal or fast rising, generation of this forward momentum is 

necessary (Kraj et al., 1991). It could be that a larger drop to Minl indicates greater 

generation of momentum. 

The beginning of the vertical acceleration of body mass is detected by the rapid 

positive changing ofthe vertical force (Kralj et al., 1991). A greater change in force, 

caused by a greater acceleration would be seen as a steeper slope. Increased leg strength 

could %use this increased slope. The overshoot peak (Max) occurs just following the seat 
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off event due to the traasfer of all the body weight to the legs (Kralj et al., 1991). The 

peak undershoot (Min2) occurs just following the point at which deceleration ofthe 

upwards body mass begins (Kralj a ai., 1991). Prehninary studies fiom an unpublished 

pilot study indicate that when the chair rise is done more ballistically, these discriminating 

variables respond (Appendix A). A more powerful, ballistic motion in the chair rise would 

be possible only if adequate leg men& exists. 



Vertical force for Chair Rise 

Slope of Chair Rise Verh'cal Fom 

Figure 1. The vertical forcetime curve and slopetime curve of a chair rise with 

marker positions indicated. 
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2.4.3 Sdl-Report of Functional Fitness 

A method routinely used to determine the leg strength and other capabilities of the 

elderly is to simply ask them or their caregivers about their abilities (Spirduso, 1995). 

There are advantages to this form of assessment. Se@report presents no danger or risk to 

the subjects (Spirduso, 1995). It is cost-efficient and can be administered to many 

subjects without an exorbitant time cornmittment. However, there are also disadvantages. 

In addition to the possible biases always inherent in self-repol5 the elderly are also 

sometimes afflicted by the following additiod confounders (Spirduso, 1995): 

contextual influences (it) the status of the interviewer 

strong desire to avoid being institutionalized 

Although self-report does not always reflect reality the way the researchers may 

see it, it reflects very strongly the perceptions of the subjects. In research that is 

attempting to augment the quality of the subjects' lives, self-report may be the most valid 

assessment tool. 

2.5 Other Considerations in a Smngth Training Intervention with the Elderly 

2.5.1 Control Group 

Often very little time or effort is invested in the control group. Many studies 

incorporate a control group that undergoes no intervention (Hopkins et al., 1990; 

Morganti, 1995; Nelson et al., 1994; Pollock a al., 1991; Pyka et al., 1994; Sipila and 

Suominen, 1995; Skelton et al., 1995). This can potentially affect the validity of the 
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results. The Hawthorne e&ct descriiies how subjects' pdormances change when 

attention is paid to them (Thomas and Nelson, 1996). In order to minimize the adverse 

effect of this reaction, a control group that undergoes an intervention is necessrrry. In 

addition, the control group and the training group should receive similar amounts of 

attention. To do this, exercising studies ofken conduct non-exercising classes for their 

control group. These include automobile driving safety classes (Mikesky et al., 1994; 

Topp et al., 1993), health education sessions (McMurdo and Burnetc 1992), music and 

remhkcence sessions (McMurdo and Rennie, 1993), fiiendly visits following a standard 

protocol (Mulrow et al., 1994; Timetti et al., 1994), low-intensity walking classes 

(McCartney et al., 1995) and flexibility sessions (Brandon et d., 1995). 

Flexibility classes are &hive because stretching does not affect muscle strength 

in the lower extremity (wiktorsson-MoUer et d., l983), yet subjects are doing something 

beneficial for their health. Maintaining adequate levels of flexliility will enhance an 

individual's functional capabilities and reduce injury potential, particularly among the aged 

(ACSM, 1995). A stretching control group reaps the psychological benefits of attending a 

class, and obtains the physical benefits ofincreased fle~iility. 

2.5.2 Dementia 

The validity of any assessment tool should be closely examined when working with 

demented patients. BriU et al. (1995) states that the timed chair stand can easily be 

administered to patients with dementia This is important when administering tests to the 

elderly- In 199 1, 8% of adults in Canada at least 65 years old, and 3 5% of adults 8 5 
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years of age and older were suffering fkom dementia (Elliot et al., 1996). When deciding 

on an appropriate test, it is necessary to consider the demented senior citizen There are 

several recommendations to fiditate programs with the demented addt. These include 

the following (Brill et al., 1995): 

structure and repetitiveness of the program 

programs iu the morning fmd the patient more alert, with greater 

concentration skills 

familiarity of the routine 

one-onsae exercise training for the first few weeks 

therabands - elastic tubing for resistance 

persistence and gentle assertiveness by the leader 

Evidence shows that strength training programs can be successfir1 for participants 

with dementia In nursing home patients with fbnctiond impairments andfor dementia, 

muscle fimction and work capacity has been improved through exercise programs (Brill et 

al., 1995; Fiatarone et al., 1990; Fisher et al., 199 1 ; McMurdo and Rennie, 1993; Mulrow 

et al., 1994). 

2.5.3 Srrftty 

The benefits to the participants of a study should be obtained with a minimum of 

risk. In a training study, the dkty of the subjects is of extreme importance. Pollock et al. 

(1991) found during one repetition maximum strength testing, 1 1 I57 subjects (19.3%) 

incurred an injury. They concluded that the elderly are more fragile and may be more 
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susceptiible to musculoskeletal i n j w  duriag high-intensity, low-repetition strength testing. 

The American College of Sport Medicine (1995) concurs, and states that in the interest of 

safety, resistance training with seniors should not be done with a heavier weight than eight 

repetition maximums. 

Heavy resistance exercise can lead to muscle injury, particularly among older 

individuals (Pollock et al., 1991). These researchers underline the importance of 

modifkation of the exercise prescription for the elderly population because they may be 

more susceptible to musculoskeletal injury during high-intensity, low-repetition strength 

exercises. However, Fiatarone et al. (1990) reported no musculoskeletal injuries in their 

study of strength training with a group of fhil elderly subjects suggesting that perhaps the 

abilities of the elderly are routinely underestimated. 

2.5.4 Ad hettnce and Attendance 

Adherence and attendance problems can sabotage any training study. Adherence 

refers to whaher a subject completes the program and attendance describes the number of 

sessions in which each subject participated. Pollock et al. (1991) found that in studies 

using subjects of various ages, adherence to exercise programs averaged 50-80% for the 

first five to six months of mining. In a 26-week, three session a week strength training 

program with subjects at least 70 years of age, adherence was 87% (Pollock et al., 1991). 

Average attendance for the strength training in the aforementioned study was 97.8%. 

Steps can be taken to maximize adherence and anendance among senior citizens. 

Barry et al. (1993) found that compliance increases with activities that are enjoyed with 



others. It seems that emphasizing the social component ofthe training sessions will 

encourage seniors to participate. Making available a variety of training times, providing 

feedback by periodic testing and conducting sessions in a prearranged, safe, well-lit 

facility all contribute to high adherence (Pollock et al., 1991). Limiting the expense of an 

exercise program also increases its likelihood of success (Barry et d., 1993). 

2.6 Summuy 

It appears that the bendcia1 effbcts of strength training in the elderly are well- 

documented, and widespread. It artainly seems that stnngth can be increased at any age 

with appropriate training. Elastic tubing and squats are appropriate modes of training for 

older adults. Elastic tubing is inexpensive, mobile and easy to use. Body-weight squats 

are simple exercises requiring no equipment. Either can be done in a class setting or in a 

home-based exercise program. 

The importance of appropriate outcome measures can not be overstated. I .  a resistance 

training protocol, it is necessary to have a measure of strength improvement to ensure that 

the training was effective. The repetitive chair stand seems to be one of the most 

cautious options available for strength testing- This may be suitable for an elderly 

population where the participants are not accustomed to maximal exertion. The chair rise 

is a good choice as a measure of bctionality because of its necessity in daily living, and 

because of the generation of large forces during its execution. It appears to be a limiting 

activity for many older adults, as well as an indicator of hctional ability. 



3.1 Subjects 

Subjects were volunteers recruited through advertisemats targeted at senior 

citizens' lodges, senior citizens' clubs and senior citizens' activity programs. The 

advertisements were in the form of posters, ads in a local newspaper and a seniors' 

newsletter, and word of mouth through adult day program instructors. Inclusion criteria 

for participants were as follows: 

I. Subjects must be able to walk without an aid. 

2. Subjects must be able to follow simple commands. 

In addition, exclusion criteria for subjects were as follows: 

1. Subjects must not have extreme arthritis that limits their range of motion. 

2. Subjects must not be acutely ill. 

3. Subjects must not be on anabolic steroidal medications. 

4. Subjects must not be suffering from unstable cardiovascular disease or 

other uncontrolled chronic conditions that would interfere with the safety 

and conduct of the training protocol. 

5. Subjects must not change either their medication profile or their activity 

profile during the course of the study. 
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AU subjects completed a Par-Q health form, a Parmed-X form when necessary, a 

basic health questionnaire to ensure their fitness for the program, and a consent form 

endorsed by the ethics committee in the Faculty of Kinesiology at the University of 

Calgary (Appendix B). Once pelested, the subjects were randomly divided into either the 

control (stretching) group or the resistance training group. To ensure that spouses were 

in the same intervention group, they were assigned together as one unit 18 subjects 

volunteered for the study, therefore 9 participants were assigned to the resistance training 

group and 9 were assigned to the stretching group. 

After the post-test, the control group subjects were offered instruction in 

resistance training with elastic tubing and the resistance training group was offered 

instruction in gentle stretching- 

3.2 Testing 

3.2.1 Chair Rise Testing 

The functional leg power during a chair rise of each subject was tested using a 

force plate at the Human Performance Laboratory at the University of Calgary. Testing 

was done prior to the 12-week intervention, and again at the completion of the training. 

Testing was based on a protocol de~ctlied by Fleming et al. (1990) that is thought to 

reflect strength, power and the motor wntroi ability ofthe muscles in the lower body. 

Subjects were seated on an armless, backless, flat-seated bench that straddled the force 

plate. The seat height was kept constant at 40 an fiom the floor. The subjects placed 

their fw on the force platform on pieces of tape used as markers to ensure that the force 
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plate measurements were taken in the middle of the plate where measurements are most 

exact (35 cm fiom the back and 20 w ftom the side). The bench location was moved to 

the most comfortable placement for the subject, however, the location was consistent 

between the pre- and post-tests. The subjects had their arms crossed in fiont of their 

chests for the entire test 

Prior to the first attempt, the procedure was illy explained to the subjects, 

emphasizing the necessity to stand as f- and as forcefuNv as possible. Data collection 

£iom the force plate was initiated and the subjects remained seated for up to approximately 

two seconds. A technician stated ?lease stand", and the subject stood up as fkst and as 

forcefblly as possible, and continued standing for approximately two seconds. The entire 

procedure was done with the subjects' f~ stationary on the tape markers. After one 

familiarization trial, three trials were completed by each subject with a brief rest 

(approximately one minute) between each trial. On several occasions there were problems 

recording the force-time m e .  Therefore, foilowing each chair rise, the technician would 

verify that the curve had been property recorded prior to continuing the test. A spotter 

was present at all times for the codon and security of the subjects, and in case a subject 

lost hisher balance. 

The variables measured were Mid, Max, Min2 and Psiope. These variables are 

illustrated in Figure 1 shown on page 24 in Chapter 2. Minl is the minimum point in the 

first reduction ofverticd force. It occurs prior to the buttocks lifting off the chair and is 

associated with a decrease in the force exerted on the platform by the fe*. Max is the 

maximum vertical force generated during the chair rise and is greater than the body weight 



33 

force generated by static standing. Min2 is the minimum point in the second reduction of 

vertical force which OCMS during the deceleration phase, after the maximum force has 

been generated. Pslope ref= to the hwtmtaneous peak slope measured during the 

acceleration phase leading to the maximum force. In addition, the ratio between Max and 

Min2 was assessed- 

Subjects were considered to be standing when the vertical force plateaued and 

stabilized. The vertical force at standing was used as a reference point for the system's 

calibration. Measurements were considered accurate when the standing measurements 

were 1.00 f 0.01 body weight units. When this did not occur, a conection factor was 

used to adjust the force measurements for all the variables (Appmdix C). Testing was 

done in an enclosed lab area to limit the intimidation and possible embarrassment of having 

spectators watching. 

33.2 Squat Testing 

The subjects also completed a strength-endurance test to assess lower body 

strength. The test used was adapted fiom the sit and stand t e a  The sit and stand test has 

subjects standing upright &om a seated position as many times as possible within 30 

seconds (Spirduso, 1995). In order to minimiK upper body contribution and to maximize 

lower body c o n t n i u t i o n  to the rising action, subjects squatted at a controlled pace and 

were never actually seated. For some subjects, 30 seconds was not long enough to cause 

fhhatigue, so the test was administered for as long as the subject could C O ~ M U ~ .  
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A beach was chosen at a height of either 443mm, 513mm or 61 lmm from the 

ground. Each subject attempted the various heights, and chose the deepest squat that 

hdshe could perform adequately. The squat height was kept constant between the pre- 

test and the post-test for each subject. A chair was placed in fkont ofthe subject on which 

hdshe couid balance. The subject stood with the feet shoulder width apart, far enough 

away fiom the bench that the buttocks touched the bench at the deepest point in the squat. 

The subject started squatting keeping k n b  over the toes until the bench was 

touched with the buttocks. A metronome set at 35 pdseslminute was used to determine 

the cadence. The buttocks touched the squat bench as the m&onome sounded. The 

subject then straightened up, timing the upright position to coincide with the next 

metronome pulse. The subject repeated the squat until heishe wdd not continue with 

proper form and cadence or until the chair was used as a support rather than a balance. A 

spotter was present at all times. Termination of the test was judged by a technician 

counting the squats who was blind to the subject's intervention group. 

Any change in the number of squats performed between the pre-test and the post- 

test was calculated to evaluate changes in leg muscle strengthlendurance. 

3.23 SdfrReport Assessments 

The third assessment was a questionnaire measuring fitness for independent living 

(Appendix B). The questionnaire consisted of 22 questions measuring 4 different aspects 

of fimess. These aspects were flexiiiility, leg strength, endurance and balance. Subjects 
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responded on a numerical scale rating how easily they could paform various selected 

tasks. The scale range was based on ability to complete the task: 

WY 

With Some Effort 

wah DifEculty 

With Extreme DitFculty 

Never 

NA Have not tried that activity recently 

The questions were validated by several research experts. These experts included 

a sociologist, a geriatrician, a statistician and an exercise psychologist who all reviewed 

the questionnaire and offered suggestions. The questionnaire was adapted to incorporate 

their advice. Subjects in both groups responded to the questionnaire before and again 

after the 12-week intervention period Changes in responses over the training period were 

evaluated, 

Starting at six weeks into the training program, subjects at one venue were asked 

to complete journals outlining how they perceived the program. Five additional senior 

citizens became interested in the strength hemention six weeks into the training. They 

were invited to participate in the classes, and journals were incorporated into the 

assessments to accommodate feedback &om the additional participants although the new 

participants were not included in the physical testing or in the questionnaire assessment. 



Each journal contained a title page with the following inclusion suggestions: 

1. How do you fel after the class today? 

2. Were there any problems with any exercises? 

3. Did you notice any improvements with any exercises? 

4. Were there any negative effects due to the last class? 

5. Haw you noticed any improvements in leg strength? 

6. Has it gotten easier to do any day-today tasks? 

7. Any other comments about your health, or the exercise class? 

Journals were completed after class approximately once a week for the last 6 

weeks of the program. Only the training group at one venue participated in the weekly 

journals. However, upon termination of the training, all the participants were asked to 

detail any changes, problems or benefits they believed were due to the program. 

At the post-test, the participants in both groups also completed a questionnaire 

detailing changes during the intervention period that may have affected the results 

(Appendix B). These changes included medication dosage and type, activity level, illness 

and hospitalization. This questionnaire was necessary to determine whether any subjects 

suffered fiom heath changes independent of the training during the study. 

3.3 Resistance Training Group 

The training group participated in 12 weeks of resistance training using elastic 

tubing roughly following the American College of Sports Medicine (ACSM, 1995) 

guidelines. These guidelines include exercising with sets of842 repetitions, each session 



not to exceed 60 minutes, and the sessiom ocatrring at least two times a week The 

training sessions occurred either at the subjects' residences? at a fitness club or at a senior 

citizens' center three times a wedc =the participants exercised Monday, Wednesday 

and Friday9 and the other halfexercised Tuesday, Wednesday and Thursday. All the 

classes took place between 1 1 :3O am and 2100 pm The training focused on increasing the 

strength of the hip and kna extensors and flexors. The exercises included in the training 

sessions were the folIowiag: 

squats (body weight only) 

sitting knee extensions 

standing hamstring curls 

standing hip flexions 

standing hip extensions 

All the exercises are explained in detail in Appendix D. In a chair rise, the peak 

power in the hip is generated between 90 and 100 degrees of flexion, and the peak power 

in the knee is generated between 80 and 90 degrees offlexion (Wretenberg and 

kborelius, 1994). Therefore, the exercises attempted to maximize resistance at these 

angles. 

The training was progressive in both intensity and volume. Volume was increased 

by increasing the number of sets or the number of repetitions for each exercise. Ideally, 

the number of repetitions remains between 8-12, and the number of sets increases (ACSM, 

1995). However, the subjects were not exercising to fatigue at 12 repetitions, therefore 

the number of repetitions was increased to elicit muscle fatigue at the end of a set. 



Intensity in the exercises was increased by changing the technique ofthe exercises as 

outlined in Appendix D. According to the American College of Sports Medicine (1995) 

guidelines, the exercises should be completed at a perceived exertion rating of  12-13 out 

of  a possible 20 (somewhat hard). The subjects were periodically asked how hard they 

were working, and were encowaged to attain the "somewhat hard" ranking- 

3.3.1 Squats 

The basic technique used for the squats is desaibed in Appendix D. The cadence 

used was approximately two seconds in the concentric phase and two seconds in the 

eccentric phase of contraction. To increase the squat intensity subjects were instructed to 

bring the buttocks closer to the ground (iicrease the knee bend). The exercises were 

progressive in intensity and volume. 

3.3.2 Elastic Tubing 

The intention was to increase the intensity of the tubing exercises by increasing the 

tension on the elastic. This can easily be done by adjusting the length of tubing to 

eliminate any slack This did occur for some individuals, but others did not seem able to 

challenge themselves, thus a change in technique was necessary during the later weeks of 

the training. The technique changes to increase the exercise intensity are outlined in 

Appendix D. The optimal speed oftraining is determined by the speed ofthe activity one 

is aaining for (Momssey et d., 1995). The present study attempted to increase the power 

of a chair rise, thus fast contractions in training were optimal. However, according to the 
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American College of Sports Medicine (1995) guidelines, elderly exercisers should execute 

their strength training slowly. Taking these opposing bars into account, the cadence of 

the exercises used a concentric phase of approximately one second, and an eccentric phase 

of approximately two secondsds The exercises were progressive in intensity and volume. 

The sessions finished with five minutes of light lower body stretching. The total 

time of each session was approximately 30 minutes and no more than 45 minutes. 

Subjects were expected to attend all the training sessions, and those who did not attend at 

least 65% of the sessions were excluded from the study. 

3.4 Control Group 

The control group was involved in a gentle stretching program to account for the 

psychological impact of attention on the experimental group. The areas stretched were 

primarily the neck, shoulders, back legs and arms (Anderson, 1980). Examples of the 

stretches used are listed in Appendix E. Stretches were all done passively with no 

bouncing. Each stretch was held for 10-20 seconds, and the musctes were stretched to 

just before the point of pain. Each session lasted no more than 45 minutes. Subjects were 

expected to attend at least 50% of the classes or they were withdrawn from the study. 

3.5 Data C o i l d o n  and Andysis 

A Kistler force plate and Kintmk 4.0 (Motion Analysis Corporation, 1993) data 

cokction and analysis software were used to measure the forces. Sampling rate was 1000 

measurements per second. Minimums and Maximums were determined precisely by the 
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computer. Variables measured included Minl, Min2, Max, Pslope, Force at Standing and 

the times at which these variables occurred- The ratio Max/Min2 was cafcdated for later 

analysis. Changes in these markers (excluding Force at Standing) between the pre-test 

and the post-test were assessed. 

~ck each subject there were three forcetime curves compiled at each testing 

session, and the average markers fiom the three trials were analyzed. The plots were 

examined for trends indicating increasing or decreasing performance with successive trials. 

No trends were evident fmm trial to trial, thus average values over three aids was an 

acceptable method to ensue that the measurements analyzed were valid representations of 

the subjects' abilities. The data was measured in proportional body weight units to 

normalize for body weight and to eliminate changes in force due to weight fluctuations 

over the 12-week period. 

A 2-tailed Multivariate Analysis of Variance (MANOVA) was used to determine 

the validity of the research hypothesis for all of the normal data with homogenous variance 

(parametric data). The Mann-Whitney U Test was used for variables that did not conform 

to this assumption of homogeneity of variance or normality as determined by Levene's test 

and normal quantile plots. For the parametric data, MANOVA was then used for a 

secondary analysis to determine ifthere was a weight effect, age effect or a height effect 

that was significant on its own, or that imeraaed with any training eEea. This analysis 

was considered secondary due to the s d  number of subjects, and consequently low 

power for the test. 
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Consistency of the chair rise test was assessed by comparing the within mbja differences 

&om the three trials of each subject at the pre-testing session and assessing whether they 

were significantly dBerent fiom the between subject differences. This shows whether the 

test is adequately semitive to differentiate between subjects. The critical alpha value was 

set at p=O.05 for all the tests. 



CHAPTER FOUR 

RESULTS 

The research hypothesis stated that the training group compared to the control 

group will have different changes due to the 12 weeks of lower body resistance training in 

the following variables: 

amount of peak power represented by peak slope (Pslope) while standing from a 

chair 

amount of peak vertical force (Max) while rising from a chair 

amount of undenhoot @did) after the peak force while rising fiom a chair 

amount of undershoot (Mid) prior to the weight off phase while rising fiom a 

chair 

ratio of peak vertical force to undershoot after the peak force (Max/Min2) 

number of squats performed at a specific height and cadence 

fitness self-perceptions 

1, health 

2. leg strength 

3- endurance 

4- balance 

5.  flexibiity 



4.1 Exclusion 

Several subjects wen dropped fiom the study because they did not meet the 

predetermined criteria Three participants in the control group did not atmd at least 

50% of the stretching classes, therefore their data could not be used. One subject was 

excluded fkom the training group because his medication profile changed midway through 

the study. He was taking morphine due to a serious illness causing severe pain during the 

last week of training and during the post-testing. Another subject in the training group 

had miId dementia which did not seem to W e r e  with the training or with the physical 

testing, however, the questionnaire results did not appear valid Although he appeared 

able to walk one city block, his post-test ~e~report indicated that he was unable to 

complete comparable activities. Pre-test results indicated that he could perform these 

activities easily, and his demeanor did not indicate such a drastic change. Therefore his 

physical test results were included in the study, but his questionnaire was excluded. 

The remaining subjects were mobile, active and interested in their health as shown by their 

voluntary participation in the program. Subject characteristics are descriied in Table 1. 



Table 1. Subject character is ti^^ 

Training Group Subjects Control Group Subjects 

Number Sex Age Weight Hdght Number Sex Age Weight Height 

yrs kg an yrs kg 

Mean: 73-4 74.21 157.3 

(+ sd) : k4.4 k12-3 k4.2 

4.2 Exercise Progression 

The exercises (both elastic tubing and squats) were progressive in intensity and 

volume. Figure 2 illustrates the progression of the tubing exercises, and Figure 3 shows 

the progression of the squats. Each intensity (Stages 1 through 3) were assigned arbitrary 

numbers (1 through 20) to illustrate the progression of intensity in the figures. 



Training Week 
Figure 2. The progressive intensity and volume of the dutie tubing training. 

Intensity ranking: 1IStage 1,lWStage 2,20=Stage 3. Changes hi the 

exercises to accommodate changes in intensity are outliDed in Appendis C. 

Training Week 
Figure 3. The progression of squat rcpttitions and sets for each training week 



4.3 Consistency 

Using the pre-test data, the consistency ofthe a w e  markers was determined- 

ANOVA was perfarmed on the data For each cum marker* the within subject variance 

for the diffkrent trials was compared to the between subject h a n c e  to ensure the markers 

differentiated bemeen subjects. The Minl, MinZ, PSlope and the MaxlMint ratio 

aIl had sisnificant p a u e s  < 0.0001. These values are well below the critical alpha value 

of p4.05.  This shows adequate intra-subject consistency of the n w e  markers to proceed 

with the analysis. Figure 4 

shows one subject's results for all three trials ofthe chair rise. The markers appear to be 

consistent therefore average values fiom the three trials were used for the remainder ofthe 

tests- 

Vertical farce for Chair Rise 
Body Wt U~ 

1.5 t 

Figure 4. The vertical force-time curve of thm chair rises for one subject at one 

testing session. 



4.3 Group Comparability 

Using the pre-test data, statistical tests were done to ensure there were no 

differences between the two groups in the curve markers or in possible interacting 

variables. A MANOVA shows no differences between the groups prior to the 

interventions in the Max, Minl, Mid ,  Pslope, MaxlMin2 and Squats. Figure 5 shows the 

mean results for each chair rise variable separated by training group. The groups appear 

to be similar in all the variables assessed. 

10 I 

trainiPg P u p  control (stretching) 

Intervention 

Figure 5. Comparison of the control group md the training group chair rise 

variables prior to the intervention. 

MANOVA also ensured that there were no differences between the training group 

and the control group in age, height or weight. No significant difference was found in any 

of the variables using a critical alpha value of @.05. The p-value for age differences 
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between groups was p4.702, for height differences betwen groups was p 4 . 8  15, and for 

weight dittierences between groups was f l . 393 .  

The training group and the control group can be considered statistically not 

different in the chair rise parameters examined, as well as in age, height and weight. 

4.5 Chair Rise Test 

Data was analyzed to determine whaher'the change in each variable over the 12- 

week training program differed bmeen the two groups. Table 2 shows the mean percent 

change for each variable in the two groups. The largest percent change was seen in the 

ratio between Max/MinZ in the training group at 77.5% increase over the 12-weeks. The 

control group increased that ratio 10.8%. This indicates that the change in force f?om the 

peak to the minimum representing the ability to accelerate and decelerate the vertical 

forces appeared to be enlarged by training- 

Table 2. Percent change of the chair rise forcetime cuwe markers aftu 12-weeks ia 

a stCUlgth training group, or a conml group. 

Variable % Change After 12 -weeks (Mean t- standard deviation) 

Training Group Control Group 
- -  - -  - - - - - - - - - - - - -- -- - - - - - - 

Min 1 -32.709 + 42,389 -14,938 ,+ 22.099 

Max 9.1 12 f 7.382 1.767 + 2,783 

Min2 -30.085 f 21.8415 -5,434 =t 15.593 

Max/Min2 77,487 + 7 1.368 10.842 f 15.4042 

Pslope 53 -842 k 49.2 18 8,192 t 12.9062 
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Figure 6 shows that the majority of subjects in both the training group and the 

control group decreased Minl between the pre-test and the post-test. The reference line 

denotes equal values for the pretest and the post-tesf thus no change over the 12-week 

program All the subjects below the refaence line decreased their Minl. The control 

group data is all located very close to the reference line indicating no change, whereas the 

training group has several participants who visibly decreased their momentum generation 

prior to the chair rise (Minl) over the training program. 

Figure 6. A comparison of the chair rise marker Minl, prior to any intervention 

and after ltweeks in a training p u p  or in a control group. The 

reference line indicates pre-test = post-test. 



Over time, Max appeared to increase or stay constant for all of the subjects in the 

training group. Comerseiy, the control group seemed to change very little in the 

magnitude ofthe peak force measurement- Figure 7 shows the controi group 

measurements clustered around the reference line indicating no change from the pre-test to 

the post-test, whereas the training group values tend to be well above the line indicating 

an increase in peak force. 

- - - -  
Reference line 

Control (stretching) 1 P U P  

1.10 L - LC- - - w 

1.00 1.10 1-20 1-30 1.40 

P re-tes t Max 

Figure 7. A comparison of the chair rise marker Max, prior to any Qterveution and 

after 12-weeks in a training group or in a control group. The reference 

line indicates pn-tat = post-test 
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There appeared to be a distinct difference be$ween the two groups in the change of 

Mi02 o v a  time (Figure 8). The control group maintained approximately the same values 

for both tests, as shown by the marker locations close to the reference line. The training 

group c~asistently decreased the value ofMh2 with training, illustrated by the markers 

located under the reference line. 

Pretest Min2 

Figure 8. A comparison of the chair t is t  marker MW, prior to my intervention 

and after l t w e e b  in a trriahg group or h a control group. The 

nCennce line indicate pre-test = post-ttst. 
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Figure 9 shows that all the subjects in the training group increased their peak slope 

over the course of the study. None of the control group subjects substantially increased 

their peak slope as seen by the marker pro* to the reference line. The training group 

subjects showed substantial gains in peak power with training as displayed by the location 

of the markers well above the reference line- 

Reference h e  I - - - -  

Pre-test Pslope 

Figure 9. A comparison of  the chair rise marker Pslope, prior to any intervention 

and after 12-weeks in a training p u p  or in a control group. The 

reference line indicates pre-test = post-tcst 



The two intetvention groups were visibly Merent in the Max/Min2 ratio (Figure 

10). The training group appeared to increase the ratio substantially over the training 

sessions, whereas the coatrol group did not display such overt changes. This is seen by 

the control group s u b j ~ s  clustaing around the rdamce line indicating no change, and 

the training group subjea~  located above the line. 

- - - -  
i Reference b e  
' Control (stretching) 

soup 

@ Training group 

Figure 10. A comparison of the chair r4se ratio Mu/MinZ, prior to any internention 

and after 12-weeks in a training group or in a control group. The 

reference line indicates pretest = post-test 
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4.5.1 MANOVA 

Levme's test was run to verifL that the data holds the assumptions of homogeneity 

of variance necessary fbr a MANOVA. M y  Minl, Min2 and Pslope met the assumptions 

adequately to perform the parametric test Table 3 shows that Min2 and Pslope reached 

significance at the alpha level of P < 0.05 with p-values of -043 and -01 7 respectively. 

This illustrates a difference between the training and control groups in the change over 

time of the Pslope and Min2 variables. 

Table 3. Multivariate Analysb of Vuirnce for the chair rise markers. 

Variable HypOmSS EnorSS Hypotth. MS Error MS F Sig, of F 
- - - - - - - - - - 

MINI -008 15 -03964 -008 15 -00330 2.46867 -142 

MIN2 -11145 26 172 -11145 -02181 5.11016 ,043 

PSLOPE 23 -7028 1 37.05820 23 -7028 1 3.088 18 7.67533 ,017 

Max and MaxlMin2 had p-values of 0.028 and 0.01 1 respectively in Levene's test 

for homogeneity of variance, therefore non-parametric statistics were required. To 

compare the training group with the control group for these variables non-parametrically, 

the Mann-Whitney U Test was used. The p-value for the diierence between groups in the 

Max curve marker was p4.0933. The pvalue for the difference between groups in the 

Max/- ratio was p=0.0528. Neither of these values was considered statistically 

significant at a critical p-value of p 4 . 0 5 .  Therefore, no statistical difference between the 
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groups was seen in the uwcimum force generated or in the ratio of the maximum force to 

the minimum force in the decelerahCon phase of the chair rise. 

4.5.2 Modifjhg Factors 

Age, height and weight were looked at as possible moaers for the parametric 

variables: Minl, Min2 and Pslope (Appendix F). By separating the sums of squares in 

order to evaluate the additional factors, any signillcant training effect found in the 

previous MANOVA was lost due to the loss of power of the test. The group eff- were 

no longer sigoificant at a critical pvalue of p4.05. 

There was no significant interaction among height, weight or age with each other, 

or with group differences in any of the variables. In addition, none of the three possible 

modifiers were found to be significant Won in Minl or in Min2. However, there was a 

significant weight effect in Pslope (p4.034). Tbis effect is likely due to the weight 

categories assigned to the subjects. The ANOVA was calculated using two weight 

categories of under 65 kg or 65 kg and over. These categories could be poor 

representations of the data When a d  weights are shown in a scatterplot (Figure 1 l), it 

appears hat there is a very minimal weight effect on Pslope. This is illustrated by the 

regression lines that are almost horizontal and parallel. 



Subject weight (kg) 

Figure 11. Change in Pslope in relation to subject weight categorically divided into 

control group and tmhing group with linear regression lines. 

4.5.2 Time Parameters 

Although the only parameters examined with inferential statistics were the vertical 

force markers, it appeared that there were some time parameters in the chair rise that may 

have been &ected by the training (Table 4). 

The time parameters were measured &om Minl to standardize each measurement. 

Each subject responded at different rates to the "Please Standn command, thus the 

beginning of the actual chair rise was difliarlt to quantit;,. 



Table 4. Means and standard deviations by group of the percent time changes from 

Minl to Min2, Minl to Max and Minl to Peak slope during the 12-week 

of the study. 

Variable Group Mean + Standard Deviation 

Mini -Max  Tminhg 30.20 f 22-33 

Control 4-04 k 8-90 

Minl - Min2 Training 31.21 k 16.41 

Control 6-8 1 _+ 8.41 

Minl - Peak Slope Training 34.30 k 32.66 

Control 4-79 16.49 

Minl to Max represents the time to reach peak force. The average time interval 

for the training group was 30% faster in the post-test compared to the pre-test. The same 

assessment was only 4% faster for the control group. Minl to Mia2 represents the time of 

upwards acceleration of the body mass (Kralj a al., 1990). The avemge time interval for 

the training group was 3 1% fkster in the post-test than in the pre-test. The control group 

showed a 7% increase in speed. Minl to Pslope represents the time to peak power 

generation (Fleming et al., 199 1). The average change for the crainiag group was 34% 

faster in the post-test compared to the pre-test. This time interval was only increased by 

5% in the control group. Further statistical tests were not performed on these variables 

because there had been no prior intention to test them, therefore they had not been 

included in the hypothesis. 



4.6 Squats 

Onr 12 weeks7 all the training group subjects increased the mean number of 

squats performed. The range of increase was between 8% and 1045%. No training group 

subject demonstrated a negative change over the 12-weeks. Five out of the six control 

group subjects decreased the number of squats that they could perform fiom the pre-test 

to the post-test. The one coutml group subject who showed no decline, actually increased 

performance by 227N7 which was greater than three of the training subjects. Table 5 

displays the change in squats in both groups s e m  over the 12-week training period. 

Table 5. Change in Squats (Pretest, Post-test, Absolute Change and % Chaage) for 

the Subjects in The Training Group and in the control p u p ,  amd the 

means and standard deviations (sd) deacb measurement. 

Training Group Subjects Control Group Subjects 

subject SQUATS Subject SQUATS 
Pre Post Change %Change Pre Post Change %Change 

Mean: 14.8 70.3 55.5 455.3 25.2 23.7 -1.5 9.6 

(k sd): 9.8 57.7 54.8 396.2 22.7 19.6 18.9 106.6 



Levene's test indicates that the assumption of homogeneity of variance is not 

adequately met Q~0.002)  to dow for ANOVA to be performed to analyze statistical 

diierences in the squats. The non-parametric Mann-Wbhey U Test was used to analyze 

the Squat data. The p-value=O.0142 indicates that there is a signifcant dBerence 

bmeen the groups in the change over 12 weeks in the number of squats performed. The 

training group subjects increased the number of squats they could perform after 12 weeks 

of training significantly more than the control group subjects. Figure 12 shows the squat 

test results divided categoricaily into training and control group, and the change in 

performance measured over the 12-weeks- 

80 

T& group Control group 

Intervention 

Figure 12. Total ncrmber d squats pertarmed in the pre-test and the post-test, and 

the cbuge h squat perlormame measured over the 12-weeks in the two 

study groups. 
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There were no differences in the height of the squat bench between groups. 

Furthermore, the height ofthe squat bench was n&er a significant fmor on its own with 

respect to the change fiom the pre-test to the post-test (p=O.665), nor did it modify the 

goup effect ( ~ 4 . 5 9 2 ) .  

4.7 Questionnaires 

The questionnaire data met the assumptions of homogeneity ofvariance and 

normality necessary to complete a MANOVA No di&rence was found between groups 

in how the answers changed over the 12 weeks of the program. Analysis was done on the 

complete questionnaire, each summed section (Strength, Endurance, Rexi'bility, Balance, 

and Health), and each question within the separate sections. Questions with four or more 

NA responses were eliminated as not representative of the sample. These questions were 

all &om the endurance section: #12, #I5 and #17. No significant difterences were found in 

the questiomaire as a whole, or in any individual section of the questionnaire. Table 6 

illustrates the answers for the various sections by each subject. An answer of "1" indicates 

that the activity could be completed easily, whereas an answer of "5" indicates an inability 

to complete the activity- Higher scores reflect lower function. Negative changes indicate 

an improvement in function over the 12-week protocd. 



Table 6. Fiiess For Ldependent Living Questionnaire Section Responses. Each 

number represents the summed answers for the various sections. Eigher 

numbers repnacat lower hnetion. Results in bold indicate an improvement 

in perceived fitness during the 12-week pratocoL Underlined results 

indicate a decrease in perceived fitness. 

Subject F l e ~ i i i t y  Leg Strength Endurance Balance Health 
Pre Post Pre Post Pre Post Pre Post Pre Post 

Control Groun 

*The results for Subject 10 are questionable due to dementia. 
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4.8 Journals 

The subjects summed up their reactions to the training upon completion of the 12 

weeks. In addition, some of the subjects completed journals approximately once a week, 

reflecting their thoughts about the training. There were several seniors who saw the 

training class, and expressed interest in joining midway through the program. They were 

not tested for the chair rise parameters or the squats, but they filled out journals six weeks 

into their training. No control group subjects whpIeted journals. The foilowing excerpts 

pectaining to changes caused by the resistance training program are outlined: 

7 feel my upper legs have firmed up" AM., Week 6. 

'T try to walk up 3 floors to my apartment after each class and find it is getting a 

little easier" EH, Week 6. 

Y can actually do the squats now - I never thought I'd be able to do thesey7 E.I., 

Week 6- 

"I can get up out of a chair with much less efEort...gening in and out of the car is 

much easier.. - .I'm much more flexiite and mobile than I was at the start of the 

program" G-W. Week 6. 

"Stairs, cleaning windows etc. are much easief' HJ., Week 6. 

"Legs feel strongex" J.L, Week 6. 

"I feel more strength in my legs as I walk" M.H., Week 6. 

'My legs feel stronger and more musculaf' M H ,  Week 8. 

"I feel that the extra strength is helping with waking, especially on icy sidewalksyy 

M.H, Week 9. 



"My back is strongef AM, Week 10. 

"Can climb stairs somewhat better since 1 started" EH, Week 10. 

"Had to have a skirt taken in down sides due not to weight loss, but more firming 

up" H.J., Week 10. 

''Feel better, easier to go up and down stairsn H.J., Week 12. 

"I'm sure it has made a difference in my legs. Find I can climb stairs a little better" 

EH, Week 12. 

'1 have stumbled a few times but kept myselffrom fhhg due, I t h d q  to the 

strength in my legs.. .I feel, too, the exercises will benefit my dancing 

(ballroom) as strong legs are necessary to perform the steps" M.K, Week 12. 

"1 feel that my knees are in much better shape than when I started" M.R7 Week 12. 

"My knees and my back are much better" RS., Week 12. 

There were no recorded comments about excessive pain, or negative effects due to 

the program. Based on the journals, the participants' perception of the resistance training 

appears to be very positive and beneficial to their well-being. 



DISCUSSION 

This study was performed to detect whether a moderate intensity lower body 

strength training program would elicit changes in the vertical force-time curve of a chair 

rise in the elderly. The research hypothesis stated that the training group compared to the 

control group wodd have different changes in strength and in a chair rise due to the 12 

weeks of lower body resistance training. 

5.1 Chair Rise 

The chair rise protocol used was similar to that of Fleming et aL (1991), with a 

minor difference in the chair height- In the present study, the chair height remained 40cm 

off the ground for all subjects, whereas in the Fleming et al. (1991) study the chair height 

was adjusted to achieve a knee angle of 90" for al l  subjects. Table 6 compares the results 

of the two studies. It appears that the chair rises analyzed in this study were comparable 

to those done by Fleming a al. (199 1). The a w e  markers are very similar when 

comparisons are made between the non-falers (Fleming et ai., 1991) and the pre-test in 

the current study. However, the peak slope appears to be substantially higher in the 

present data It is unknown whether Fleming a al. (1991) calculated average slopes rather 

than instantaneous slopes as was done with the present data. Or perhaps the sampling rate 

used by Fleming et al. (199 1) was lower than 1000 per second as used in the present 
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study. The peak slope occurs for such a short period oftime, that either ofthe two 

aforementioned reasons could substantially reduce the measured peak slope. When 

average slope between Minl and Max were measured in the curreat data, the values were 

much closer to the values reported by Fleming et al. (1991). 

Max Min2 Max/MinZ Pslope (range) 
- - - - - - 

Present Data 

he-t est 1.22f.08 -71k.11 1.70k.37 4.36-11.25sec-' 

Post-Training 1.30+.09 S 3 f .  17 2.76k1.05 8.45 - 13.34 sec-I 

Post-Control 1 -26k.07 .66f -06 1.925.22 5.67 - 12.00 sec-I 

Fleming Data 

Non-f';rllers l.23f -15 .73f -16 1.68k.64 2.44 - 4.02 set" 

Fallers 1.05k.05 .92f. 13 1.141-13 0.69 - 2.59 sec" 

The non-fallers (Fleming et al., 1991) included a variety of ages, ranging fkom 21 

years to 71 years of age. This is a much larger age range than the present study of older 

adults. Perhaps among healthy subjects then is very little age e f f i  on the variables. A 

normative data base of chair rises for various age groups is necessary to quantifL the 

expected change in the chair rise parameters due to age. 

Wheeler et al. (1 985) examined chair rises fkom two different types of chairs. 

They found that rising &om a special chair (seat depth, posterior seat slant and backrest 

incline more pronounced) showed more vastus lateralis muscle activity than rising from a 

standard chair. Burdett et al. (1985) compared chair rises fiom a seat height of O.43m and 



0.64m. Significantly smaller hip and knee extension moments were recorded with the 

higher seat height. Pahaps seat height can explain the differences between our findings 

and those ofFleming e% al. (1991). The seat height and/or type of chair used for the chair 

rise may have been different, thus eliciting diffierent moments and different resultant 

forces. 

5.1.1 Minl 

There were no statistically significant diSerences between the training and control 

groups at marker M . 1 ,  however the trend indicated that the tmhhg group decreased 

Minl over the intervention. Minl occurs just prior to the point at which weight transfers 

from the chair to the feet (Hoy and Marcus, 1992). This undershoot seam to represent a 

gathering of momentum to aid in the chair rise. It was thought that a larger drop in forces 

would characterize greater strength capabiies due to a greater ability to generate 

momentum. There were no significant changes, so no evidence was found to substantiate 

that hypothesis. Perhaps when the legs are strengthened less momentum is needed to rise 

fiom the chair. Or, perhaps the amount of momentum is controled by the upper body, and 

the protocol in this experiment did not include any upper body strengthening- 

5.1.2 Max 

No significant difference between the training and the control groups was found in 

the maximum force generated (Max) although all the training subjects increased this 

variable over the 12-week intervention. The peak force occurs at the point when contact 



with the chair is lost (Hoy and Marcus 1992). Hoy and Marms (1992) also found that 

Max did not change with 12 weeks of streqth training three times a week However, 

they did find that the magnitude of the vertical force peak increased significantly with 

speed of movement (Hay and Marcus, 1992). Max appears to be an indicator ofthe speed 

of a chair rise. The higher the Max, the fastex the chair rise. Kralj et al. (1990) agree that 

for normal or fast standing up, the movement can be considered to be closer to a ballistic 

movement, thus would quire greater peak force. Although statistical differences 

between groups were not found with this variable, when the data was included in the 

MANOVA, disregarding the violation ofthe homogeneity of variance assumption, 

difrences were found. The p-value was below the critical d u e  of psO.05 (~~0.037). 

Further research is needed to clarify the reiatiomhip ofmaximum force generation in a 

chaL rise with strength increases. 

In the present study, Max seems to reflect f&er speeds of rising, as seen by the 

Pearson correlation between Max and the time between M i d  and Min2 (d.7175; 

p=0.004). As Max increases, so does the increase in speed b a ~ e e n  MinI and Min2. This 

relationship also requires more study. 

5.1.3 M W  

A significant dBerence between the control and the training groups was found in 

MinZ which is the peak undershoot that occurs after the peak force. The ascending phase 

of the chair rise occurr after the seat off event, and a short time into this phase the vertical 

acceleration is converted to deceleration. This is identified by the minimum slope of the 
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m e  (Kralj a aL, 1990). Min2 occurs just after the deceleration commences, but prior to 

fU knee extension (Kraj et aL, 1990). It is characterized by the minimum force. Smaller 

Min2 values may indicate a greater ability to vertically decelerate or better motor control. 

Strengthening the leg muscIes may contribute to this capability through neural facton. 

Changes in the recruitment pattern and synchronization of motor units brought about by 

strength training (Fox et aL, 1993) may be responsible for the changes in Min2. These 

neural changes could induce more efficient force production and superior deceleration in 

the chair rise. The present study provides evidence to support the changes in Min2 with 

resistance training. 

5.1.4 M- 

No significant difference between groups was found in the ratio Max/Min2, 

although the trend indicates an increase in the ratio for the training subjects over the 12 

weeks. The non-parametric analysis generated a pvalue o f  p=O.OS28, which is very close 

to the aitical p-value of p 4 . 0 5 .  As a follow-up analysis, MANOVA was done with the 

Max/Min2 variable included. MANOVA is a reasonably robust test, therefore even with 

the breach of the homogeneity of variance assumption in this variable, it can still be 

considered a u& statistical tool. The p-value for Mau/Min2 in the MANOVA was 

p=0.038. This would be considered significant. Thexdore, although no differences were 

found in this variable within the parameters of the intended analysis, it is quite conceivable 

that differences do exist. 
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5.1.5 Pslopc 

Peak slope (Pslope) increased significantly in the training group compared to the 

control group. The peak slope of the chair rise represents the power of the rise. Strength 

training programs attempting to m x h z e  power development focus on high intensity with 

low repetitions (Fox et a l ,  1993). The training program for this study used moderate 

intensity training with a high number o f  repedtious, so power acquisition was not targeted. 

This study provides evidence that significant gains in muscle power can be attained even 

with lower intensity strength training. 

Young and Skelton (1994) state that in the presence of pathology, reasonably 

strong associations have been demonstrated between functional abilities and power. The 

chair rise test as a power assessment may be a reasonable evaluation of fimctional leg 

power. It is a non-threatening test for people unaccustomed to maximal exertion 

assessments. In addition, it appears to be a very sensitive evaluation in that it can identify 

changes due to a 12-week moderate intensity strength training intervention- 

5.1.6 Modifying Factors 

Fleming et al. (1991) found a significant correlation between pslope and age. This 

was not seen in the present study. Except one subject who was 52 years of age, the 

subjects in this study were relativeiy homogeneous in age, ranging fiom 66 years to 82 

years. The 52-year old was included in the study because she belonged to a senior 

citizens' group and considered herselfto be a part of the elderly demographic due to 

various health problems including diabetes and arthritis. However, this homogeneity was 
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not apparent in the Fleming et al. study (1991). Their control subjects ranged in age fiom 

23 years to 72 years, and the fhllers ranged in age fiom 63 years to 92 years. The age 

heterogeneity explains the association bween Pslope and age in the Fleming et al. (199 1) 

results. 

Due to the common chair height used for subjects of varied heights, resuits were 

examined for both interacting subject height &kc&, and height alone. Neither was 

found to be significant. It seems that in evaluation of intra-subject change over time, 

subject height relative to the chair height is of little importance. Research evidence shows 

that chair height may affect the chair rise (Burdett et al., 1985; Wheeler a d., 1985), 

however it may only be important when one is looking at inter-subject differencesS 

Weight of the s u b j ~  was the third factor examined for modifying eff- on the 

treatmegt. There was no interaction between any ofthe group effects and weight, but 

there was a signifi.caat weight effect on the peak slope (Pslope) generated during the chair 

rise. As weight increased, so did the change in Pslope over the 12 weeks. This could be 

misleading because of the assignment of weight categories for the analysis- Perhaps the 

categories emphasized a less substantial weight effm. Figure 11 shows that the 

regression lines for the two groups are both parallel to the x-axis (weight axis). This 

suggests that there is no weight effen. However, the regression lines assume Linearity. 

The control group markers appear to be linear, but the training group may not be. Figure 

1 1 shows that the peak change in Pslope occured in subjects weighing approximately 

70kg and the distriiution of the markers may be parabolic. Further research might assist 

in clarifying this relationship. 



5.1.7 Tit  Parameters 

Although previous literature bas indicated no change in chair rise time with 

strength naining (Hoy & Marcus, 1992; Skelton et al., 1995), it appears that portions of 

the chair rise curve may occur more rapidly with training- The present study provided 

evidence supporting approximately 300! maeases in speed of rising at various points in 

the rise with lower body resistance training- The control group subjects tended to increase 

their speed by approximately 5%. This would suggest the need for firrther research to 

determine ifthese time parameters are more idonnative than the force parameters. A 

more informative variable would be one which distinguishes between functional and 

dysfirnctional chair rises, and is sensitive enough to measure change. 

5.2 Training Program 

Lnitially the training program was meant to be done at a moderate to high intensity, 

however, intensity was very difficult to monitor. Elastic tubing is a self-monitoring type of 

resistance training. Subjects determine their own aaining intensity based on the amount of 

slack in the tubing. Other researchers have monitored the intensity by measuring the 

subject's a b i i  to perform ten to twelve repetitions without sacrificing proper exercise 

fom on the last repetitions (Mikesky et al., 1994; SkeIton et al., 1995; Topp a al., 1993). 

These studies would change the tubing to a less elastic tension in order to increase the 

resistance when the exercises did not induce adequate fatigue. This may be a more 

effective way of maintaining an acceptable intensity, rather than attempting to adjust the 

slack on the tubing to modify the tension as was done in the present study. 
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Although the subjects were repeatedly told that the exercises should be completed 

at a difficulty rating of "somewhat hard" (ACSM, 1995), some subjects did not seem 

capable of reaching an intensity that would invoke fatigue at 12 repetitions. In order to 

fatigue the tnuscIe, it seemed that more repetitions were necessary because the intensity 

was not high enough. 

5.3 Differenea Between Sdf-Report and Measund Assessments 

The measwed strength test clearly indicated increased strength due to the 

resistance training regime. However, the selSreport questionnaire did not indicate any 

increased fimctional fitness in any area and most relevantly no change in leg strength due 

to the training. Conversely, the j o d  comments seemed to indicate the perception of 

increased leg strength which translated into increased functionality for a large proportion 

of the participants. The question remains whether the program successllly increased leg 

strength, and whether that leg strength translated into increased hctionality. 

Perhaps the questionnaire was not &ciently sensitive for the population 

participating in the study. They were highIy functioning senior citizens and were generally 

very active. The activities evaluated through the questiomaire were likely too basic for 

this group. No change can be measwed when the activities are easily completed prior to 

the strength training. A tool which has greater increments of change in performance 

capabilities, and a greater range of hctionality would have been more appropriate. 

Another possibility is that their own baseline changed for their ~e~assessment.  

Once they started gaining strength, they may have expected more fiom themselves. 
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Completing an activity With dif6icultf' may have become easier, but their internal ranking 

scale may have changed with their fitness level. 

The third possibility is that the questionnaire was correct in assessing the lack of 

hctional fitness increases, and the j o d  entries wee exaggerated. Many of the 

subjects seemed v e y  concerned about the sucass of the project. They wanted and 

expected to gain strength+ The joumal entries could be conscious or subconscious 

overestimations about the efficacy of the training in order to please the researchers, or 

because of prior expectations regarding strength training- 

5.4 Eflicacy of the Training 

The tubing and squat training appeared to be effective in developing strength gains 

in the lower leg, however, the squat test used to monitor strength did not seem to be 

optimal. There was an extremely high variance of subjects' improvement. This could be 

caused by a high variance in actual strength changes7 or it could be caused by an imprecise 

or inaccurate test. It seems that the method of testing may not have been valid because 

the control group also had a vast range of strength changes. Table 7 displays the strength 

gains assessed in various other 12-week studies for the older adult. It is evident that the 

mean change measured in the present study appears extraordinarily high compared with 

any of the other studies examined. 



Table 8. Various 12-week strength training intervention studies of 12-week 

duration with older adults. 
- - - - - - . p&ihors - p  ~ e a s u ~ e r n s  % Change I 

Frontera et al. (1988) Knee extensors 1 07.4% 

Knee flexors 226.7% 

Topp a al. (1993) Peak isokinetic knee ext-on no change 

Keen et al. (1994) Isometric MVC (index finger) 41.2% 

Mikesky et al. (1994) Isokinetic eccentric knee extension 12% 

Skelton et aL (1995) Isometric knee extension 27% 

Chair rise time no change 

10 chair rise time no change 

Present study Training Number of squats 455% 

Control Number of squats 10% 

It seems that elastic tubing training in conjuction with squats are ideal exercises for 

home-training with the elderly. This training allows participants to easily control their 

own intensity without the fear of injury due to excessive resistance. When given the 

fkeedom, subjects appeared to set their intensity at low to moderate rather than moderate 

to high. The present study provides evidence that moderate intensity is dc ient  to 

acquire signikant strength gains with elastic tubing and squat resistance training. This 

information could be valuable in the prescription of strength training programs for senior 

citizens. 



5.5 Possible link with f.Uing 

Fleming et al. (1991) originally devised the force-plate chair rise test in order to 

assess risk of Mhg. Their research showed that people at higher risk of fUhg tended to 

have a non-existant overshoot @hc)  and undershoot (Ma). They daermiaed that the 

simple, non-stressll and potentially portable method to identifjr people at risk of f a g  is 

acceptable to both the clinician and the patient- Furthermore, they suggested that a 

rehabilitation program could be initiated for people found to be at risk Prior to 

establishing such a program, it becomes important to determine whether certain 

interventions could change the f o r c e b e  m e  parameters. Skelton et al. (1995) found 

that neither the time of a single chair rise, nor the time of ten consecutive chair rises is 

changed with 12 weeks of strength training with tubing and 1-1 -5 kg weights. In addition, 

Hoy and Marcus (1992) reported that the vertical force of a chair rise did not change with 

strength training using Universal weight training machines. However, the present study 

found that the parameters that may differentiate high risk Men can be altered with 

resistance training. 

To fbrther substantiate the link of muscle weakness with f f i g ,  Whipple et al. 

(1987) showed that peak torque and peak power of the knee extensors and flexors, and 

the ankle plantar- and dorsi-flexors were significantly lower in fallers than agematched 

controls. Falling is linked to many other factors in addition to lower extremity muscle 

m g t h  including gait and balance. How- there seems to be a general consensus on 

the association of reduced lower body strength and falls (Phillips and Haskell, 1995). 
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The present study made no association betweem the chair rise parameters and 

probability of falling in the subjects. Fleming et aL (1991) stated that the undershoot 

@h2) and the overshoot (Max) were virtually non-existant in high-risk men. All 

subjects in the present study had measurable M h 2  and therefore would likely be 

considered low-risk fBuers according to the Fleming et aL (1991) criteria 

5.6 Limitations L 

As previously suggested, there are Iimitations in this study. Primarily, the small 

number of subjects involved prohibits conclusive statements about modifying fixtors or 

external influences due to few degrees of fieedom. 

Secondly, there were problems with the strength testing using repeated squats. 

The data a n  not be considered direct measurements of strength, but only indications of 

strength changes. Perhaps a maximal strength test may be more appropriate even with the 

greater associated risks to the participants. 

Thirdly, because so many statistical tests were examined, there is an increased 

likelihood of detecting statistical significance in any one of the tests. 

5.7 Future D i d o n s  

The chair rise is a fbnctional limitation in itself If one cannot rise f?om a chair 

adequately, ordinary tasks such as using the toilet may be dBcult. Although the vertical 

force-time curve parameters may identi@ a more ballistic rise, or a more powefi rise, it 
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is not known whether they id- a more fiurctioaal rise. Research is needed to clarify 

this relationship. 

Researchers need to identify the actual portions of a chair rise that become difficult 

with age, and determine if there are markers on the forcetime awe (either force or time) 

that comespond with the troubled rise. The degree to which the force-time m e  pertains 

to fhctionai ability can then be assessed. 

To assess the &cacy of the elastic tubing, resistance training needs to be done 

with only the elastic tubing exercises, eliminating the squats. In the present study, all the 

strength gains may have been induced by the squats and the efficacy of the tubing remains 

to be determined. 

A long-term study is warranted to evaluate Lower functioning subjects at-risk for 

falling as compared to the highly hctioning subjects in the present study. Subjects who 

have an initial chair rise in the risk zone targeted by Fleming et al. (1991) need to exercise 

in an attempt to mod@ the force-time curve. It can then be determined whether a 

modification of the forcetime variables actually indicates an adaptation in the risk of 

falling. 

More research needs to be done looking at the modifying factors involved in 

changing the force-time curve. The weight effect is still undetermined, and a study with 

more subjects couid perhaps verify the relationship of weight on the vertical force-time 

curve of a chair rise. 

Finally, the present study did not incorporate a follow-up assessment to determine 

whether any ofthe changes due to the training were temporary or long-term. This could 
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easily be addressed in future research by including an evaluation several weeks and again 

several months post-intervention. 

5.8 Conclusions 

In conclusion, the r d t s  ofthis study indicate that a moderate 12-week lower 

body strength training program can influence several of the vertical forcetime curve 

parameters of a chair rise in senior citizetls compared with a non-exercising control group. 

These parameters include the following: 

the second curve minimum (Min2), defined as the amount of undershoot caused 

by deceleration of the vertical forces foUowhg the upward movement 

the peak slope (Pslope), defined as the peak rate of  force development 

representing the peak power generated 

The other chair rise variables (Minl, M ~ K ,  Max/MinZ) demonstrate trends 

indicating possible lower body strengthening e f f i .  These variables may lead to clinics 

quantification of fimctional chair rise ability, which could be an indication of hctional 

independence. This may be an important finding not only in fbnctionality research, but 

aiso in risk of fdling assessments. 

In addition, the present study provides evidence indicating that strength gains can 

be  achieved through a 12 week moderate intensity lower body resistance training program. 

This is important for senior citizens because maintzLined muscle strength into the aging 

years may be the key to finctional independence. A high intensity training regime may not 

be necessary to elicit these gains. 
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APPENDIX A 

Pilot Studv Findininas 

Subject 1 : 25 year old female Subject 2: 52 year old male 

competitive soccer player active in golf and squash 

visibly ballistic chair rise less ballistic chair rise 

Table 9. Vertid force measurements in body weight units for the tuo subjects 

doing a chair rise 

1 Subject Minl Max Min2 Peak Slope I 

Figure 13. Chair rise force- time curve for Subject 1 in body weight units. 

Figure 14. Chair rise force-time curve for Subject 2 in body weight units. 



UniverSitv of Calaarv 
Consent Form 

Project Title: The effects of resistance training on the vertical force-time curve of a chair 
rise in the elderly. 

Investigator: Jody N~cholson 

This consent form, a copy of which has been given to you, is only part ofthe process of 
informed consent. It should give you the basic idea ofwhat the research is about and what 
your participation will involve. If you would like more detail about something mentioned 
here, or information not included here, please ask Please take the time to read t i i s  form 
care- and to understand any accompanying infbrmation. 

The purpose of this research is to evaluate whether a resistance training program using 
elastic tubing can improve the ability to get in and out of a chair. You will have to stand 
up out of a chair as quickly as possible and sit back down in the Human Performance 
laboratory at the University of Calgary- A force platform in the floor will assess the forces 
upon the body. The ability to get in and out ofthe chair will be calculated by the slope in 
the force-time curve. Spotters will be present at all times, in case you lose your balance. 
Three chair rises will be measured, 
The second test counts the number of quarter to half squats that can be performed in a 
row. You will be asked to perfionn as many knee bends (squats) as you can at the rate of 
1 every 4 seconds. Again, spotters will be present at all times. The whole procedure will 
take about IS minutes. The first test wiJl be done before the training program, and the 
second test will be done after the training program. 
Thirdly, you wiU be asked to fill out a questionnaire regarding your activity level and your 
fitness level, 

You will be randomly assigned to one of two training programs. One group will meet 3 
times a week for 12 weeks to do a gentle stntching program. At each 30 to 45 minute 
sessions, this group will leam overall body stretches and stretching tachniques. The other 
group will meet three times a week for 12 weeks to do a 30 to 45 minute elastic tubing 
resistance training program. This program will be M y  supervised and instructed and the 
sessions will take place at a convenient location for the participants. 

There should be no ill effects fiom the testing or the training, apart fiom feelings of fatigue 
caused by the training. Rarely, exercise can result in muscle strain injury. Training should 
be done to the point of Wgue, not to the point of pain. It is possible that the training may 
aggravate any previous lower extremity injuty so if you currently suffer fiom any injury 
you should review your participation in this study. 



APPENDIX B 

Consent fonn continued 

AU results will be kept confidential. Only those directly involved in the study will have 
access to information gained* Published material based on this research will in no way 
identify you. 

The training program is 6ee of charge, and d participants will receive their own elastic 
tubing to keep. Both training groups will receive instruction in the other group's training 
at the end of the study. 

Your signature on this form indicates that you ha-ve understood to your satisfaction the 
information regarding participation in the research project and agree to participate as a 
subject. In no way does this waive your legal rights nor release the investigators, 
sponsors, or involved institutions fiom their legal and professional responsibilities. You 
are free to withdraw f?om the study at any time- Your coathued participation should be 
as informed as your initial consent, so you should feel fiee to ask for clarification or new 
information throughout your participation If you have M e r  questions concerning 
matters related to this research, please contact: 

Jody Nholson 
P h:220-2802 

If you have any questions concerning your participation in this project, you may also 
contact the Associate Dean (Research) and ask for Kerry Courneya, 220-8741. 

mame) (Signature of Subject) 

(Urttness) (Signature of Wmess) 

- - - - - - . - -- - - - - - 

@ate) 

A copy of this consent fonn has been given to you to keep for your records and reference. 



APPENDIX B 

AGE 

PHONE 

1 Do you have extreme arthritis that limits your range of motion? 

NO YES (Explain) 

2. Can you walk without an aid? NO (Explain) YES 

3. Are you on anabolic steroid medication? NO Y E S  (Explain) 

4. Are you dering fkom unstable cardiovascular disease or another 

uncontrolled iUness that could interfere with the safety and conduct of the 

training? Please spec* the illness and explain: NO YES 

5.  Do you agree to ''not start" a new exercise program or activity for the 12- 

weeks of the study? P l t w  sign in agreement: 



APPENDIX B 

Fitness Assessment for Independent Livinq 

Please rate the following statements by marking the corresponding number: 

I can complete the activity: 

l - Easily 
2 - With Some Effort 
3 - With Difficulty 
4 - With Extreme Difficulty 
5 - Never 
NA - Have not tried that activity recently 

Flexibiflifv 

1. Scratching between your shoulder blades with your hand3 2 3 4 5 NA 

2. Picking money up off the floor ...................... ....... ........... 1 2 3 4 5 N A  

3. Reaching above your head to get a caddish 

........................................................... out of a cupboard 1 2 3 4 5 N A  

4. Looking back over your shoulder (shoulder checking) ...... 1 2 3 4 5 NA 

5. Putting your socks on while sitting down .......................... 1  2 3 4 5 NA 

L e a  Strenut!? 

................................................ 6. Running for 10 seconds 1  2 3 4 5 NA 

7. Jumping on the spot .................................................... 1 2 3 4 5 N A  

8. Standing on your toes ................................................... 1  2 3  4 5 NA 

....................................... 9. Walking up a flight of 15 stairs 1  2 3 4  5 NA 

10. Getting in and out of a chair without armrests .............. 1 2 3 4 5 N A  

............................................ . 1 1 Getting in and out of a car 1 2 3  4  5 NA 



APPENDIX B 
Fitness Assessment for lnde~endent Livinq continued 

I can complete the activity: 
1 - Easily 
2 - With Some Effort 
3 - With Difficulty 
4 - With Extreme Difficulty 
5 - Never 
NA - Have not tried that activity recently 

Endurance 

12. Jogging, swimming or biking for 30 minutes ................ 1 2 3 4 5 NA 

................... 13. Walking at a steady pace for 30 minutes ... 1 2 3 4 5 NA 

........... 14. Shoveling snow for 20 minutes without a break 1 2 3 4 5 NA 

15. Mowing the lawn for 20 minutes without a break ........... 1 2 3 4 5 NA 

................ 16. Raking leaves for 20 minutes without a break 1 2 3 4 5 NA 

........ 17. Scrubbing the floor for 20 minutes without a break 1 2 3 4 5 NA 

18. Vacuuming for 20 minutes without a break ................... 1 2 3 4 5 NA 

19. Walking one city block ................................................ 1 2 3 4 5 NA 

20. Washing a sink-full of dishes without a break ................ I 2 3 4 5 NA 

Balance 

21. Tying your shoes while standing up .................... .. ....... 1 2 3 4 5 NA 

22. Putting on your pants while standing up .......................... 1 2 3 4 5 NA 

Please circle the correct answer= 

23. Compared to others your age, would you say your health is: 

Verv Good Good Averaae Poor Very Poor 

24. Does your current health prevent you from doing things you'd like to do? 

Yes No 



APPENDIX B 

Post-test Questionnaire 

NAME PHONE 

Since September (when the training began) have you experienced any of the 

following? 

Type of medication changes Yes (Explain) No 

Medication dosage changes Yes (Explain) No 

Changes in activity level not due to the training Yes (Explain) No 

Dietary changes Yes (Explain) No 

Weight loss of more than 5 pounds Yes (Explain) NO 

Weight gain of more than 5 pounds - Yes (Explain) No 

IUness lasting longer than a couple of days Yes @plain) No 



APPENDIX B 

Post-test Ouestionnaire continued 

Hospitalization Yes(Explain) No 

Severe muscle soreness due to the training sessions Yes (Explain) No 



YES 

APPENDIX B 

Physicat Advi ty  Readiness Qu.Stfonnaim (PAR-E) 

3. If you are pregnant you an, &vised to disust the 'PAi(rn&-X far Pregner;c/ 
f c n  with your physican before exercising- - - - 

. 
I have read, understood me! completed this questionnaire. 



APPENDIX B 

J C T m -  
cal- 
wa:m PARmecCX PHYSICAL ACTtVlrV READINESS 

MEDICAL EXAMINATION 

me PARmd-X is a physical lctl- th.tlrlist to b. usmd by 8 physician rritn prtknts 
who haw had paritivm mmnam to r)lr, -1 lrctlvtry Roadimss Qwsaonfuire (PAR-0). In addition. mm 

C o n v y m c ~ R d e r r a l  Farm in t)H PAClmad-X cut be us8d to sonv y elourncr for pnysial aOIrity pWtipaUon. 
or to ma& a r . ~  to a mrdiaily-supewisod program, 



=vnu.Qlrlcr- 
WtmPaor 
~mma r9m PARmed-X PHYSICAL ACltVtW REAOiNESS 

MEDICAL EXAMINATION 

cwaecrrcnnt-'?.oQ1 I VlaramEu-In ; 
-0-orsgrrm 1 --m"'- 
nula- 

i 
! I ADVICE 

You 8m .rrcoung.d to copy the PAR--X. 
but only if you use ln. @nth fotrri 





APPENDIX B 

Physical Activity & Lifestjde Advice 

Physical Activity Readiness Conveyancslftefeml Form 

3 wim inetaion of: 



APPENDIX C 

C o d o n  Calculation 

This calculation is used when a subject's plateaued force at standing was not within the 

range of 1.00+0.0 1 body weight units. The correction was done for all the force 

measurements, with the assumption that the force discrepancy was constant for the entire 

force-time curve- 

1-00 - Measured Force at Standing = Correction Factor 

Correction Factor + Chair Rise Marker = Corrected Chair Rise Marker 

Chair Rise Markers Include: Minl 

Max 

Min2 



APPENDIX D 

Resistance Training - Exercises 

Intensity Rating: Stage 1. Basic Exercises 

Stage 2. Heiehtened 1.t- for the 2& half of each set 

Stage 3. Heiahtened Tntensitv for the entire set 

Sitting Knee Extensions - in chair 

tubing around one ankle, braad under opposite foot 

extend out the lower leg (the one with ankle tubing) 

keep the thigh stationary 

More Intense - At fblI extension (knee not locked straight) lift the upper leg 

off the chair (1 sec). Lower the upper leg back down to the 

chair (I sec) and flex the lower leg back to starting position. 

Standing Hamstring Curls - standing behind a chair 

tubing around one ankle, braced under opposite foot 

flex lower leg (with ankle tubing) back towards buttocks 

keep bees together and the upper thigh stationary 

More Intense - At frill flexion hold the position (1 sec) and increase the 

contraction trying to increase the hamstring flexion (1 sec). 

Standing Hip Fkrions - standing, using chair for support I balance 

tubing around one aakle, braced under opposite foot 

lift up leg with ankle tubing by flexing at the hip and bringing 

knee up towards chest 

try not to move the upper body 

More Intease - At full hip flexion, hold the position (1 sec) and increase the 

contraction trying to increase the hip flexion (1 sec). 



APPENDIX D 

Resistance Traininn Exercises continued 

Standing Hip Extensions - lean f o m d  over a chair so that hip is at 90" 

tubing around one ankle, braced under opposite foot 

extend one leg at a time back and up, pushing heel toward the 

wall behind 

keep extended leg straight, do not bend at the knee 

More Intense - At full leg extensioii, hold the position (1 sec) and increase 

the contraction attempting to increase the hip extension (1 sec). 

Squats - use chair for support I balance or stand against a wall 

feet should be at least shoulder width apart 

bend knees 45" (2 secs) and then straighten up (2 secs) 

keep knees aligned directly over 2nd toe 

More Intense - Bend knees to a greater degree. 



APPENDIX E 

Stretchinsz h m m  (Anderson, 1980) 

Stretches For Those 

Over 50 

The basic merhoc or' a=- is the same regdess of dZ- 
fezzzces in age and 3esibiii~. Stretching proper& means that 
you do not go irc~ond your own comforta6ie i f i t s  YOU 
don': 'have zo try i o  copy 5 e  drawins in this book Learn to 

your  bad^ wit5our :brce; strercfi by bow you fed, 
It wGI caire time :o !oosen uu dgbt rnuscie groups that have 
been & way for yeas, bur ir can be done widz paaence and 
mgtdariq. If you have any doubts about what you should be 
doing, c o d t  pour physician berbre you s m  

30 seconds 
fpgc 56) 

20 seconds 
(?use 581 

30 seconds 
(page 241 



APPENDIX E 

Stretching P r o m  continued 



APPENDIX F 

Analvsis of Vahance Tables for Possible Modi@ng Factors 

Tabie 10. Analysis of Variance for Minlwith possible m d w g  factors: Age, 

Height (at) and Weight (Wt). 

Variable HJrpoahJrpoahSS EmrSS Hypoth. MS Error MS F Sig-ofF 

Age*Ht 

WPHt 

WPAge 

Group*Ht 

Group*Age 

Group*Wt 

Ht 

wt 
Group 

Table 11. Analysis of Variance for M i d  with possibk modifjrhg factors: Age, 

Height (Ht) and Weight (Wt). 

Age*Ht 

WPHt 

Wt*Age 

Group*Ht 

Group*Age 

Group*wt 

Ht 

Age 

wt 
Group 



APPENDIX F 

Analvsis of Variance Tables continued 

Table U.  AnaIysis o f  Variance for Pslopc with possible modifjhg facton: Age, 

Height (Ht) and Weight (wt). 
Variable Hypoth, SS EmrSS Hypoth.MS EmrMS F Sig-ofF 

Age*Ht 

w m  
Wt*Age 

Group*Ht 

Group*Age 

Group*Wt 

Ht 

Age 

wt 
Group 




