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"The fear of the Lord is the beginning of knowledge, but fools despise wisdom and 
discipline" 

Proverbs 1 :7 

For the message of the cross is foolishness to those who are perishing, but to us who are 
being saved it is the power of God. For the foolishness of God is wiser than man's 
wisdom, and the weakness of God is stronger than man's strength. 

1 Corinthians, 1 : 18,25 



ABSTRACT 

The purpose of the study was to determine the effect of fûnctional electrical 

stimulation (FES) - assisted cycling (ERGYS II, Therapeutic Alliance) on glucose tolerance 

and insulin sensitivity in people with SCI. Seven subjects with SC1 (upper motor neuron 

lesion, duration of injury fiom three to 40 years, aged 30 to 53 years) participated in the 

study. Two-hour oral glucose tolerance tests (OGTT) and hyperglycernic clamp tests were 

performed before and afler eight weeks of training with ERGYS Li. OGTTs were performed 

on seven subjects and hyperglycemic clamp tests were performed on three out of seven 

subjects before and after eight weeks of training. The results indicated that subjects' glucose 

tolerance improved significantly f ie r  eight weeks of training with ERGYS II (139.%16 vs 

l Z . &  10, P=0.0 14). According to two-hour hyperglycemic clamp tests, al1 three subjects 

improved on either glucose utilization or insulin sensitivity. Two subjects' insulin sensitivity 

improved by 30.9 and 35.9 percent and two subjects' glucose utilization was increased by 

23.9 and 65 percent. These results suggested that eight weeks of training with ERGYS II 

irnproved glucose tolerance and may improve insulin sensitivity in people with SCI. 
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CHAPTER 1 

lNTRODUCTION 

Diabetes Mellitus (DM) is a group of rnetabolic diseases characterized by hyperglycemia 

resulting fiom defects in insulin secretion, insulin action or both (The Expert Conunittee on the 

Diagnosis and Classification of DM, 1997). The human pancreas secretes a hormone callcd insulin, 

which facilitates the entry of the glucose into al1 tissues of the body. In a person with DM, the entry 

of glucose into the cell is impaired, resulting fiom either a deficiency of insulin praduced or i m p d  

insulin action (American Diabetes Association, 1996). There are two major types of DM: insulin 

dependent DM (Type 1) DM and non-insulin dependent DM (Type 2 DM) (The Expert Committee 

on the Diagnosis and Classification of DM, 1997). In Type 1 DM, the pancreas produces vcry littlc 

insulin or none at all. In Type 2 DM, the pancreas often rnakes sufficicnt or excessive arnount of 

insulin, but the tissue cells are rcsistant to it and cannot use glucose effectively as energy. 

DM is one of the major health problems throughout the world (American Diabctes 

Association, 1996). It affects the health of about 1.5 million Canadians and about 16 million people 

in the United States (Tan & MacLean, 1995; National Centre for Health Statistics, 1994). In the 

United States, more than 385,000 people with DM die each year, and nearly half of these deaths are 

diredy related to h g  DM or its complications (National Centre for Health Statistics, 1994). Also, 

the economic costs of DM and its complications are signifiant, requiring approximately 90 billion 

dollars in the United States done (Amencan Diabetes Association, 1996). 

Individuais with spinal cord injury (SCI) have increased risk of developing Type 2 DM. 

Bauman a al. (1 994) demonstrated that 22% of 1 00 su bjects with SC1 had DM as compared to only 

6% in an able-bodieù control group. Also, 62% of those with quadnplegia and 50% of those with 

paraplegia had a b n o d  glucose tolerance, compared to only 18% of the able-bodied control. This 

high prevalence of abnomial glucose tolerance which includes DM and irnpaired glucose tolerance 
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(IGT) is related to physical inactivity, changes in body composition and a large mass of paralysed 

muscle. The treatment and prevention of DM should therefore be a major area of research for people 

with SCI. 

Aerobic exercise has proven to be beneficial for treaûnent and prevention of DM in an able- 

bodied population, yet there is no research on the benefits of exercise for treatment and prevention of 

DM in people with SC[. Consequently, research on exercise-associated insuiin or glucose metabolism 

changes is essential for the dcvelopment of quality exercise programs for people with SCI. Since the 

1980s, exercise modalities such as functional electncal stimulation (FES)-leg cycle ergorneter 

(ERGYS 11) have becorne more popular among people with SC1 and research has clearly demonstrated 

physiological benefits of exercise with ERGYS in tems of cardiovascular, muscular, pulrnonary and 

hormonal adaptations (Glaser et al., 1989; Hooker et al., 1992; Nash et al., 199 1). Howwer, effects 

of cxcrcisc with ERGYS iI on glucose metabolisms has not yet bcen investigated. 

Statement of the aroblem 

Although people with SC1 have a high risk of developing DM, there is lirnited research 

examining the effects of physical activity on glucose tolerance and insulin sensitivity in people with 

SCI. Therefore, it is important to investigate how training with ERGYS ii rnay affect glucose 

metabolism in people with SCI. The purpose of the study was to determine the effects of exercise 

training utilizing ERGYS II on glucose tolerance and insulin sensitivity in people with spinal cord 

injury. 

Research H ypotheses : 

Nv~othesis 1 : 

insulin sensitivity measured by hyperglycemic clamp test improves &r eight weeks of training 



with ERGYS iI. 

Hvpothesis 2: 

Glucose tolerance measured by two hour oral glucose tolerance test improves after eight weeks 

of training with ERGYS ii. 

Limitations: 

1) Small number of subjects for the hyperglycemic clamp test 

2) No control on the subject's diet during the study 

3) No control on the subjat's &ily activity 

4) Shidy styted in spring t h e  and completed in early summer. No control for changes in 

glucose tolerance and insulin sensitivity as a result of seasonal differences. 

Delimitation 

1) The study was confinai to FES-assisteci cycling (ERGYS II) not to other types of exercise. 

2) Subjects were spuial cord injured with upper motor neuron injury 

3) No previous history of DM or cardiovascular diserise. 

4) The result of hyperglycemic clamp test could not be generaiized due to s d l  number of 

subject and individual case data analysis. 



CHAPTER II 

REVlEW OF THE LITERATURE 

Hieh prevalence of DM in peo~le with SC1 

Individuals with spinal cord injury (SCI) currently have a longcr li fe span because of recent 

improvements in medical care (Hartkopp, Bromum-Hansen, Seidenschnur and B i e ~ g  Sorensen, 

1997; Whiteneck et al., 1992). As they live longer, the main causes of death in this population have 

been altered (DeVivo, Black & Stover , 1993). Cardiovascular disease or diabetes mcllitus (DM) is 

now equally or more important than rend tâilure as prirnary causes of death (Brenes, Deanvater, 

Shapera, LaPorte & Collis, 1986). Duckworth et al., (1980) reported that among 45 subjects with 

SCI, 23 of the subjects werc diabetic and four had impaired glucose tolerance (IGT), Duckworth, 

Solomon & Pallepal1 (1983) also reportcd that arnong 20 patients with SC1 and without known acute 

complications, glucose intolcrance or fasting hyperglycemia, 70% of the subjects had some evidence 

of glucose intolerance. Also, Bauman et al. (1994) demonstrated that arnong 100 subjccts with 

paraplegia or quadriplegia, 22% of the subjects had DM as wmpared to only 6% in an able-bodied 

control group. Sixty-two percent of those with quadriplegia and 50% of those with paraplegia had 

abnomial glucose metabolism, comparai with only 18% in able-bodied controls. In addition, Zhcmg 

et al. (1995) investigated 103 people with paraplegia and 94 people with quadriplegia during their 

annual physical examination. Al1 subjects had normal liver and rend hction and none had a prior 

history of DM. Zhong et al. (1 995) reported that among 197 subjects with SCI, 58 (29.4%) had IGT 

and 36 (1 8.3%) had DM according to two-hour oral glucose tolerance test (OGïT). The researchea 

have concluded that people with SC1 seem to be more susceptible to impaired glucose tolerance and 

DM due to insulin resistance than the able-bodied population. However, the etiology of the high 

incidence of irnpaired glucose tolerance and DM in people with SC1 is not clear. 
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Etiolow of insulin resistance in ~ e o ~ l e  with SC1 

Body com~osition channe afler SCI. Body composition changes after SC1 (Deanvatcr et al., 

1986). Increases in fat mass and decreases in lean body mass due to inactivity, immobilization of 

limbs or muscle denervation have been reported (OIIe, Pivamik, Klish & Morrow, 1993). Lean body 

rnass, which is the major tissue responsible for the uptake of glucose, decreases by approximately one 

third in those with SC1 cornpared to able-bodied control matched in gender, age, height and weight 

(Bauman et al., 1994). Therefore, decrease in lean body mass in people with SC1 could be a risk 

hctor for the insulin resistance. 

Many SC1 individuals suffer fiom obesity due to decreased physical activity resulting fiom 

their injury (Deanvater et al., 1986). increased fat mass is one of the risk factors for insulin resistance 

(Bjomtorp, 1988; Despres, Sitai, Lupien, Andre & Claude, 1993). Abdominal adipose tissues have 

an exceedingly sensitive system for the rnobilization of Frec fatîy acids (FFA) due to a preponderance 

of beta-adrenergic receptors and alpha-adrenergic inhibition (fissebah & Peins, 1989). This increases 

the concentration of FFA in thc circulation, Increased FFA concentration in circulation inhibits insulin 

binding action, decreases the nurnber of insulin receptoa and decreases clearance by the liver. 

(Bjorntorp, 1990). Therefore, high FFA concentration increases insulin resistance which fàvours IGT 

and DM (Despres et al., 1993). Javinen & Koivisto (1983) studied the effects of body composition 

on glucose tolerance in males of normal weight who were either weight lifiers, long distance rumen 

or untrained controls. They found a strong positive correlation beiween percent body fat and insulin 

resistance. Therefore, a strong determinant of a predicted rate of glucose metabolism was body 

composition, and more specifically body fat. One might speculate that this finding can be generalized 

to people with SCI. Therefore, body composition changes (increased fat mass, decreased lean body 

m a s )  in people with SC1 could be one of the major factors of insulin resistance in this population. 
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Muscular changes following SCI. Following SCI, skeletal muscles below the level ofan upper 

motor neuron lesion undergo marked changes in morphologid, metabolic and contractile properties 

(Buniham et a1 ., 1997; Andersen, Mohr, Bie~g-Sorensen, Galtm & Kjaer, 1996). One signifiant 

skeletal muscle change in people with SC1 is a pronounced reduction, or complcte disappearance of 

Type 1 fibres and Type iia fibres and an increment in Type Ilb fibres. Burnharn et al. ( 1997) obtained 

a total of 19 vastus lateralis muscle biopsies fiom 12 subjects with SC1 representing time points of 

0.5-219 months post SCI. They found that following prolongod upper rnotor neuron paralysis 

secondacy to SCI, muscle fibres that prcviously had Type 1 properties altered their phenotypic 

expression to becorne Type II. Also, Andersen, Moh, Biering-Sorensen Garbo & Kjear (1995) 

reported that after an average of 11.2 years p s t  injury, paralyzed muscle contained 37.2% of Type 

Ilb, 40.7% ofcombined IIb and IIa, 2 1% of Type IIa and 0.5% of Type 1, as comparai to about 4%, 

12%, 25%, and 50% respectively in the able-bodied control respectively. Therefore, it is clear that 

paralyzed muscles undergo a transformation to becorne predominantly Type II fibres afier SCI. 

Furthcimore, capillary density and blood flow in paralyzed muscle decreases after SCI. Jozsa 

et al. ( 1 980) demonstrated that capillary density in paralm muscle decreases &r denervation in rat 

muscles. Mer  immobilizhg 12 rats with plaster casts, capillary density decreased 23%, 33%, and 

28% on days 7, 14, and 21, respectively. in addition, glucose transporter (GLUT-4) content which 

is known to be responsible for glucose uptake in tissue, decreases with denervation (Etgen, Farrar & 

Ivy, 1993; Henriksen, Rodnick & Mondon, 199 1; Sowell et al., 1989). In one study, Henriksen, 

Rodnick & Mondon (199 1) removed a three millimetre section of rat sciatic nerve and observed the 

level and activity of GLUT-4 afler denervation. The authors reported that after one day of 

denervation, the level of GLUT-4 was reduced by 18% and after three days of demation, GLUT-4 

was reduced by 52%, relative to controls. Other studies reporteci that reducing muscle activity by 

denervation results in a rapid loss of skeletal muscle GLUT-4 content (Etgen et al., 1993). 
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Interestingly, muscle fibre Type proportion, capillarization, and GLüT-4 content appear to 

be correlated with insulin resistance. This was demonstrated by Lillioja et al. (1987) who compared 

the capillary density and muscle fibre type in the vastus lateralis with in vivo insulin sensitivity 

determined by the euglycemic clamp. They found that insulin sensitivity was positively correlated with 

percent Type 1 fibres (r=0.29) as well as capillary density (r=0.63) and negatively correlated with 

percent Type II b fibres (~-0.38). Also, the maximal capacity for insulin to stimulate glucose 

transport has been positively correlated with the total GLUT-4 content of muscle (Hcnriksen et al., 

1991). Thcrefore, it is suggestcd that muscle chamctenstic changes due to pamlysis are major risk 

factors for insulin resistance in p p l e  with SCI. 

Phvsical inactivitv and immobilization. A third possible contributor to insulin resistance in 

people with SC1 is a lack of physical activity following injury. People with SC1 experience several 

weeks of immobilization after their traumatic injury. After this acute phase of injury, it is very 

di fficult to regain the prernorbid level of physical activity . During immobilization, the paral yzed 

muscle tissue is rapidy catabolized and its rnass decreases. Within one to two weeks of bed rest, 

cardiac output, muscle capillary density, blood flow and maximal oxygen uphke are markdy 

decreased (Saltin & Rowell, 1980). Also, muscle fibre size is decreased and the activity of 

mitochondrial oxidative enzymes of muscle cells are decreased Ieading to a reduced rate of glucase 

utilization and insulin resistance (Saltin & Rowell, 1980; Lipman, Raskin, Love & L.ecocq, 1970). 

Myllynen, Koivisto & Nikkila (1987) measured oral glucose tolerance and insulin response to glucose 

in 18 patients during six weeks of bed rest with an acute spine fracture. After one wcek of 

immobilization, insulin resistance was seven times higher in immobilized subjects than in able-bodied 

controls. This elevated insulin resistance reduced with tirne but still remained elevated 2.3 times higher 

than in the able-bodied controls. Furthemore, Bauman et ai. (1 993, 1994) demonstrated that lower 
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mdiopulmonary fitness in this population duc to physical inactivity is one of the major risk factors 

for insulin resistance and that there is a linear negative correlation between insulin resistance and 

cardiopuhonary fitness ( r -38,  P=.0015). Therefore, lack of physical activity in people with SC1 

results in decreased cardiopulmonary fitness and insulin sensitivity . 

Dencrvation and insulin resistance Skeletal muscle is a critical site for glucose homeostasis. 

Musclc denervation seems to induce insulin resistance through multiple pathways, including glucose 

transport, insulin binding and insulin receptor activation (Burant, Lemmon, Treutelaar, & Buse, 1984; 

Henriksen et al., 199 1; Smith & Lawrence, 1984; Turinsky, 1987). This is supported by the findings 

which show that responses to insulin in unweighted muscle ciifFer Rom those in denervated muscle 

(Burant et al., 1984; Henriksen & Tischler, 1988; Tischler et al., 1990). Tischler et al. (1 990) 

investigated insulin effects on arnino acid uptake and protein metabolism in soleus muscles subjected 

to denervation or unweighting. They reported that denervated muscle had insulin resistance of both 

Pdmxyglucose and alpha arninoisobutyric acid uptake whereas unweighted muscle showed an 

increased or normal response, respectively. Tbey also observed greater atrophy in denervated muscle 

compared to unweighted muscle and concluded that eff- of denervation must be independent of kg 

posture. 

Henriksen et al. ( 199 1) tested whether there are ciifferences in glucose transport between 

denervaied muscle and unweighted muscle. They reported that after three days of denervation, GLUT- 

4 content decreased by 52 percent whereas GLUT-4 content increased by 35 percent on hindlimb- 

suspended rat muscle. This result indicated that in addition to muscle activity, there may also be a 

neurogenic factor that contributes to the regulation of GLUT-4 expression. Megeney et al. (1994) 

deterrnined whether there is a putative neurogenic factor that regulates GLUT-4 expression in muscle. 

This study compared changes in GLUT-4 content over time in denervated rat muscle with either a long 
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nerve stump or short nerve stump of the sciatic nerve. Results indicated that GLüT-4 content did not 

change until48 hours &r the denervation in long stump muscles whcreas GLUT-4 decreased 12 

hours a h r  the denervation in short stump muscles. These findings suggest that, in addition to body 

composition, physical activity level and muscle characteristic changes after the injury, there is 

neurological factor for the high prevalence of DM in people with SCI. 

Exercise and insulin sensitivitv 

Exercise has proven to have beneficial effects on insulin sensitivity ( Bogardus et al., 1984; 

Braun, Zirnmem & Krctchmer, 1995; Perseghui et al., 1996; Rogers et al., 1988; Ruderman et al., 

1979; Schneider et al., 1984; Wallberg-Henrikssonl, 1992; Yamanouchi et al., 1995). Peneghin et 

al. (1996) trained 10 subjects with Type II DM who had significant insulin resistance and eight control 

subjects with one hour of stair climbing for six weeks. Insulin sensitivity was measured bcfore and 

after six weeks of physical activity with euglycemic clamp and hyperglycemic clamp test. Results 

demonstrated that six weeks of physical training improve insulin sensitivity in both the insulin 

resistance group and the control group by more (43%) than h t  which had been reported for 

metformin (16925%) or troglitazone (about 20%). Also, Braun, Zhennan ketchmer (1994) 

demonstrated that low intensity exercise (50% of V02.,) over a longer duration irnproved insulin 

sensitivity to a level similar to high intensity exercise (75 % of V 0 A  over a shorter duration. 

According to the research by Rogers et al. (1988), one week of intense physical training (68% of 

V 0 d  can improve oral glucose tolerance in Type il DM. Therefore, it wuld be concluded that 

aerobic exercise with low to high htaisity (50980% of V 0 A  improves insulin sensitivity. 

The relation between cardiopulmonary fitness and insulin sensitivity in people with SC1 was 

also detennined by Baurnan and cdleagues. Bauman et al. (1992,1994) measured insulin sensitivity 

and maximal oxygen consumption in pcople with SC1 and demonstrated a linear positive correlation 
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between insulin sensitivity and cardiopulrnonary fitness (r=.7 1, p <.O5 and r=. 88, P=.OO 15). These 

findings suggested that people with SC1 with better cardiovascular fitness have a lower risk of 

developing DM. 

The benefits of FES-assisted exercise 

FES-assisted exercise as a new exercise rnodalitv. Advanced computer technology has made 

it possible to stimulate multiple paralyzed muscle groups sequentially for long periods of tirne in order 

to produce relatively complex motor activitia such as pedalling a cycle ergometer (Figoni et al., 1988; 

Hooker, Scremin, Mutton, Kunkel & Cagle, 1995; Ragnarsson, 1988). ERGY S, one brand of 

electrical stimulation cycle ergometer, is b m i n g  a more popular form of endurance exercise training 

to develop and maintain musculoskeletal and cardiovascular fitness in people with SCI. 

Until recently, the preferred mode of endurance training for SC1 was upper body cxercise, 

particularly the am crank ergorneter. However, upper body endurance cxercise has k n  cnticid for 

several reasons. Due to the relatively smail mass of the upper body musculature in people with SC!, 

am exercise does not elicit a sufficient magnitude of cardiopulrnonary responses to elicit central 

training responses (Vokac, Bell, Bautz-Holter & Rodahl, 1975). Disairbance in breathing mechanics, 

higher respiratory frepuency, and lower tidal volume may adversely affect the circulation in the smaller 

arm muscle, leading to the earlier onset of fatigue (Cowell, Squires & Raven, 1986). Furthemore, 

prolonged and excessive upper body endurance exercise for individuals with SC1 can be stressfùl on 

upper body joints and muscles, particularly on shoulders and wrists which are also required for self- 

care and wheelchair mobility. Injury to the upper body is cornmonly seen in the chronic phase of SC1 

and may negatively affect well king and quality of life for people with SC1 (Ragnarsson, Pollack & 

Twist, 1991). 

Figoni et al. (1988) compareci subpeak physiological responses in people with SC1 during 
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exercise with ERGYS to those elicited during voluntary ami crank exercise perfomed in the upright 

posture. The authors reported that exercise with ERGYS elicited a significantly higher cardiac output 

(CO), strokr: volume (SV), and mean arierial pressure for a given oxygen consumption (Vû3, as well 

as significantly lower pulmoilvy ventilation (VE) and hart rate (HR) as compared to am crank 

exercise. Therefore, the researchers suggested that exercise with ERGYS may be more beneficial than 

upright exercise with arm crank to improve cardiovascular fitness for people with SC1 (Figoni et al, 

1988, Glaser et al, 1989). 

Glaser et ai. (1989) detemined steady-state physiologic responses of 12 subjects with SC1 to 

exercise with ERGY S and compared these responses to 6 able-bodied individuals perfoming voluntary 

leg cycle erganeby at the same power output levels. They reported that exercise with ERGYS elicited 

significantly higher 4, VE and HR responses frorn subjects with SC1 compared to the able-bodied 

subjects exercising at the same power output levels. The main reasons for this inefficiency of exercise 

with ERGYS may be the nonphysiological activation of the paralyzed muscles, the detcriorated 

condition of these muscles, and inappropriate biomechanics for the movements (Glaser et al., 1989). 

Although low efficiency would not be beneficial for reliable performance of skilled activities, it has 

an advantage for exercise eff'tiveness because of the nlatively high metabalic rate (Glaser et al., 

1989; Figoni et al., 1988). Thus, despite the extremely low peak power output attained during 

exercise with ERGYS, it may be a superior alternative to upright a m  crank exercise for central 

cardiovascular conditionhg for people with SCI. 

Effects of FES-assisted exercise on bodv com~osition. FES-assisted exercise rcsults in 

significant changes in paraiyzed muscle charactenstics. First of d l ,  exercise with FES increases 

muscle rnass and strength of paralyzed muscles (Roger et ai., 1991; Sloan, Bremner, Byrne, Day & 

Scull, 1994). Sloan, Bremner, Byrne, Day & Scull (1994) examined the effects of three months of 

exercise with ERGYS in 12 subjects with SCI. Al1 subjects who completed the program increased 

their duration of cycling, strength and exercise load, indicative of a local trainhg effect. There were 



also significant increases in quadriceps and total muscle cross sectional area. Another study by Rogers 

et al. (199 1) rcported that FES induced knee extension exercise also increased leg strength in 12 people 

with SC1 after training three times per week for 12 weeks. Thirty minutes of FES cycling at 50 rpm 

increases energy expenditure in people with SCI. This increase in energy expenditure may reduce 

obesity in people with SCI. However, researchers have failed to see signifiant decreases in fat mass 

after training with ERGYS or FES hee extension possibly due to large individual variability and 

relatively short durations of the training (Rogers et al., 199 1; Sloan et al., 1994). 

Effect of FES- assisted training on muscular characteristics. Exercise with FES and ERGYS 

seems to reverse morphological and histochemical changes in paralyzed muscle (Andersen et al., 1996; 

Martin, Stein, Hoeppner & Reid, 1992). First of all, exercise with FES increases thc proportion of 

Type 1 and Type IIa in paralyred muscle. Martin, Stein, Hoeppner & Reid (1992) demonstrated t h t  

SC1 subjects have a relatively smaller proportion of Type 1 fibres (1 4%) in paralyzed tibialis anterior 

(TA) muscle compare. to an able-Wied umtrol(68%). They trained paralyzed TA muscles with low 

fraluency (20 Hz) FES for 24 wecks and observed fibre type proportion changes with myofibnllar 

ATPase under aikaline (pH 10) incubation method. They demonstrated increase in the proportion of 

Type 1 fibres (25%) &r training (Martin et al., 1992). Andersen et al. (1996) trained five male SC1 

subjects with FES cycling for 30 minutes at 50 rpm for 12 months. The myosin heavy chah (MHC) 

composition of single fibres from the vastus lateralis muscle was anal yzed b y sodium dodecy 1 su1 p hate- 

polyacrylarnide gel electrophoresis. After 12 months oftrainiiig, the number of fibres containing MHC 

IIb reduced to 2.3% (37.2% before training), the number of fibres containing b t h  MHC IIa and 1% 

decreased to 4.6% (40.7% before training), while the number of fibres cuntaining only MHC Ila 

increased to 9 1.2% (2 1 2% before training). The authon therefore concluded that changes in muscle 

type-proportion rnay be reveaed by exercise with FES. 

FES exercise rnay also increases the level of GLUT4 content in paralyzed rat muscles (Etgen 

et al., 1993). Etgen et al. (1993) examined the effect of chronic low frequency electrical alulation 



on GLUT-4 content. Rats were randomly divided into thrce groups based on the duration of 

stimulation: 10-20 (n=3), 30-40 (n=3) and 60-90 days (n=4). Chronic low fiequency FES enhanced 

G L U 4  content in muscles stimulated in al1 three groups but no signifiant differences were found 

between the groups. Therefore, it can be concludcd that exercise with FES enhances GLUT4 content 

but GLUT-4 level reached a plateau after 30-40 days of training. 

Furthemore, exercise with FES increases fibre size, cap illary density and oxidaîive capacity . 

ChiIibeck, Jeon, Weiss, Bu& & Bell (1998) demonstrated with six subjects that eight weeks of 

training with ERGYS (3 timdweek, 30 minfday) increased capillaries per fiber, capillary contacts per 

fiber, fiber area and capillary density 38%, 29%, 23% and 10% respectively. Pdrosfikyetal. (1992) 

reported sirnilar Uicreases in muscle fibre size and oxidative capacity (increased by 75% as measured 

by differential staining of muscle biopsies) after training individuals with FES cycling 15 minutes a 

day, five times a week for two months. Also, Martin et ai. (1992) reportcd that 24 wceks ofchronic 

electricai stimulation training increased capillary density in paralyred muscle. 

E ffect of FES Dassisted t raininn on the cardiovascular svstem. Research has proven that 

exercise with ERGYS improves wdiovascular fitness including increase in CO, SV and myocardial 

function (Hooker et ai., 1990; Nash et al., 199 1). H d e r  et al. (1 990) examinai acute wdiovascular 

and pulmonary responses to a single 30 minute bout ofexercise with ERGYS in seven subjocts with 

SCI. VO,, carbon dioxide production (VCOJ, respiratory exchange ratio (RER), VE, tIR, CO, SV 

and blood lactic acid levels (BLA) were ail significantly elevated above rcstllig values during exercise 

with ERGYS. On the other hand, plasma volume, bicarbonate levds and btood pH values were 

significantly reduced. HR, SV, Q and V02 levels were increased by 33-60%, 4549%, 1 130142% and 

106-1 32% respectively above baseline levels. In addition, Pollack et ai. (1989) conducted three-phase 

investigations on the effects of ERGYS in cardiovascular fitness in 1 1 individuais with SCI. Resting 

cardiopulmonary fûnction Fdctors were unchanged at rest after al1 three stages. However, increases 

in V02, VE and VCO, virtually doubled and ventilation volume changes parallelled these increases. 

Therefore, both authors concludeci that these physiologid responses were sufficient to produce a 



cardiovascular training effect in people with SC1 (Hooker et al., 1990). 

Nash et al. (1 99 1) trained eight healthy neurologically-stable quadnplegic males between the 

aged 22 and 39 with ERGYS for 24 weeks. Echocardiograms were performed before and after 

exercise training to quanti6 the interventricular septal and postenor wail thicknesses at enddiastole 

and the left ventricular intenial dimension at enddiastole. Results showed that exercise with ERGYS 

increased the left ventricular rnass by 35% following exercise training. Therefore, the author 

concluded that myocardial atrophy can be reversed in people with SC1 following training with ERGYS 

and that the changes in cardiac architecture are likely to be the result of both pressure and volume 

challenge to the heart imposcd by exercise (Nash et al., 199 1). 

Summarv 

People with SC1 have an higher incidence of DM due to insulin resistance. The reasons for 

the high prevalence of insulin resistance are probably related to body composition changes, changes 

of paralyzed muscle and decreased physical activity level after SCT. Based on prcvious findings, 

exercisc with FES may reverse nsk Faciors associated with insulin rcsistance in people with SCI. First 

of dl, exercise with FES changes body composition by increasing paralyzed muscle mass and 

decreasing fat mass. Secondly, exercise with FES increases the proportion of Type 1 and IIa muscle 

fibre, capillary density and the level of GLUT-4 content in the paralyzed muscle which is positively 

related with insulin sensitivity. Lady, FES-assisted exercise increases the level of physical activity 

and cardiopulmomry fitness in people with SCI, which potentially improves insulin sensitivity . 



CHAPTER III 

METHODS AND PROCEDURES 

Subiects 

Five male and two fernale spinal cord injured subjects ranging in age fiom 30 to 53 years were 

recruited fiom the Edmonton area with support h m  the Rick Hansen Centre, the Spùial Cord Injury 

Treatment Centre Society (SCITCS) and the Canadian Paraplegic Association. Idonneci written 

consent was obtained fiom subjects f i e r  the protocol was approved by the Ethics Cornmittee from the 

Faculty of Physical Education and Recreation and the Faculty of Medicine, University of Alberta. 

Also, full medical examinations were conducted by a physician to ensure that subjects were suitable 

to exercise with ERGYS II. Individuals with the following characteristics or disorciers were cxcluded 

fiom the study: pacemaker implants, uncontrolled arrhythmias, uncontrolled angina, congestive heart 

failure, current deep venous thrombosis, scvere skin reaction to surface electrodes or electrical 

stimulation, less than 90 degrees of flexion range of motion of hips and knees, severe lower extrcrnity 

spasticity, sevcre DM and participation in regular physical activity. Subjcct characteristics are 

summarized in Table 1. 

Exercise training 

ERGYS. The ERGYS 1 system is a mputer  controlled FES-leg cycle ergorneter developed 

in 1984 by Therapeutic Technology Incorporated and recentiy upgradeû to the ERGYS II by 

Therapeutic Alliance. In this study, ERGYS 11 was used. The ERGYS II systcm applied electrical 

stimulation through surface electrodes to the gluteal, hamstring and quadriceps muscle groups in a 

wmputer controlled sequeme to allow pedalling of the cycle ergorneter. in preparation for the use of 

ERGYS Il training, carbon-filled silastic electrodes were placed over the sufices of the quadriceps, 

hamstring and gluteal muscles. One active electrode and one reference electrode were placed on each 

muscle group. The cornputer adjusted the electrical stimulation applied to the muscles so that the 

subjects were able to pedal the cycle ergorneter at 50 rpm. In ERGYS II, if the subject couid 



not pedd at 50 rprn with maximum stimulation, the cornputer decreased the resistance automatically 

in order for the subjects to maintain a pedalling rate of 50 rpm. Continued muscle fatigue? 

chanictenzed by a failure to maintain a pedalling rate of 35 rpm, automatically tenninated the 

stimulation and allowed subjects a two minute cool dom followed by a five minute resting p e n d  

The maximum workload achievable on the cycle was 7/8 kp or approximately 40 watts. 

Table 1. 

Subiects characteristics 

Subject 1 M 30 CS16 8 165 56 20.6 N N 

Subject 2 M 40 C516 3 185 113.7 33.2 N N 

Subjcct 3 M 53 T6/7 40 158 74.2 29.7 N N 

Subject 4 M 50 T415 30 157 77.9 31.6 N N 

Subject 5 M 42 C6/7 10 186 115 33.2 N N 

Subject 6 F 49 Tl0 34 165.1 74.5 27.3 N N 

Subject 7 F 50 T8 18 166 76.1 27.6 N N 

Note: 

LOI = Level of Injury, DO1 = Duration of Injury, BMI = Body Mass Index, HDM = History of 

Diabetes Mellitus 

Exercise  rotoc col. Subjects were asked to complete 24 bouts of exercise with ERGYS II in 

eight weeks. Subjects sat on the ERGYS U system chair, which was adjusted to allow adequate leg 

extension and flexion ranges when pedalling the ergorneter. Correct foot and hee positioning was 



determined before each treatment session. After a one-minute technician-assisted wam-up, electrical 

stimulation was progressively increased to allow the subjects to pedal unassisted at 50 rpm. Subjects 

were required to complete 30 minutes of ERGYS II exercise. When subjects fatigued (unable to pedai 

at 40 rpm) before a 30 minute bout was completed, assistance was provided until the next time interval 

divisible by ten. For example, if a subject fatigued at seven minutes, assistance was provided until ten 

minutes or if a subject fatigued at 13 minutes, assistance was provided until 20 minutes. Mer  

completing each exercise interval, a two minute cooldown and five minute monitored rest period was 

provided. Each exercise session had a maximum of three exercise intervals which allowed 30 minutes 

of total exercise duration. Individuals began cycling at O kp, and the tesistance was increascd by 1/8 

of a kp (6. IW), once 30 minutes of continuous work without reaching maximal stimulation with 

ERGYS II was completed. 

Glucose tolerance and Insulin sensitivitv measurement 

The hallmark of Type 2 DM is a chronic elevation of the plasma glucose and insulin Icvel. 

Thus, a single b l d  glucose measurement is not always sufficient to make a diagnosis (Stolk , 

Orchard & Grobbee, 1995). Therefore, regardess of inconvenience, variability, and the 

nonphysiological nature of the oral glucose tolerance test (O, the two-hour OGTF remains the 

gold standard to diagnose IGT or DM (McCance et al., 1995). However, the two-hour OGTï does 

not provide adequate information as to whether hyperglycemia is due to increased glucose production 

or defects in peripheral glucose uptake, or whether hyperinsulinernia is due to increaseû insulin 

secretion or decreased insulin clearance. 

The euglycernic clamp technique by Andres has been the most reproducible and commonly 

used technique to evaluate insulin action on carbohydrate metabolism in vivo (Elahi, 1996; Scheen & 

Lefebvre, 1992). Also, there is another way to masure insulin sensitivity which is a frequently 

sampled intravenous glucose tolerance test with minimal modeling (FSIGT). This approach to 

rneasuring insulin sensitivity uses an intravenous injection of glucose to stimulate endogenous insulin 
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secretion (Anderson et al., 1995). Even though this technique is not able to fiactionate the insulin- 

independent and insulin dependent mechanisms of glucose clearance to hepatic and peri p h e d  

component, the technique is rnuch less invasive, requiring less preparation, less staff than glucose 

clamp(Anderson et al., 1995; Ng, 1988). However, neither euglycemic clamp technique nor FSIGT 

assess the function of the P-ceil. The hyperglycemic clamp technique is a unique test that can masure 

both P-ce11 fûnctionand peripheral tissue sensitivity (Elahi, 1996). DeFmizo, Tobin & Andres (1979) 

reporteci a high correlation (r=0.816; p <0.001) between the amount of glume infused during a 

euglycemic clamp and the arnount of glucose infused during a hyperglycernic clamp divided by the 

plasma insulin concentration in 1 1 hedthy young volunteers. Also, Mitrakou et al. (1992) pcrformed 

euglycemic clamp tests and hyperglycemic clamp tests on forty-two individuals to compare insulin 

sensitivity acquired fiom each test and again reported a high correlation (r = 0.84; p< 0.001) bctween 

insulin sensitivity fiom euglycanic clamp technique and hyperglycemic clamp technique. Thcrefore, 

it was concluded that the hyperglycemic clamp technique be used to assess both insulin sensitivity and 

insulin secretion in a single experiment. in this shidy, two hour OGTï and hyperglycemic clamp 

technique were used to assess glucose tolerance and insulin sensitivity. 

Oral Glucose Tolerance Test. Three days pnor to testing, each subject was asked to consume 

a weightlMintaining diet containing at least 200 gram of carbohydrates per day and to &in fiom 

strenuous physical activity . Testing was perfomed atter a 1 2-hour overnight fast. One intravenous 

polyethylene catheter was inserted into the antecubital vein to collect samples. Normal saline was used 

to keep veins fiom clotting. One baseline blood sample was drawn From the subjects. AAer collection 

of the baseline sample, subjects were asked to drink 75 gram of glucose in an orange flavoured drink 

over a five minute period. After drinking 75 gram of glucose, b l d  samples were drawn at 30,60, 

90 and 120 minutes. Al1 samples were collected in red top testing tubes and centrifuged within 30 

minutes after the collection of the sample. The serums were transferred to polyethylene containers and 

kept at -20 OC until analyzed. 
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Analvtic Procedure for OGïTs. The blood sarnples (three ml each) for Uisulin and glucose 

analyses were collected in r d  top testing tubes and centrifuged (2000 rpm, 15 min) at 5OC to obtain 

serum. Glucose was detcrmined using a glucose analyser based on an enzymatic method (Glucose 

Analyser II, Beckman Instruments, IMne, CA). The serum used for insulin analysis was drawn fiom 

the centrifùged samples and kept at -20°C until it was analyzed. Insulin was analysed using 

radioimmunoassay with Coat-A-Count kits (Diagnostic Products, Los Angeles, CA). Detemzination 

for semm glucose was made in tnplicate and detemination for semm insulin was made in duplicate. 

Hperalvcemic Clamp Test to Measure lnsulin Sensitivitv (Defiorno et al.. 19791. Three days 

prior to the test, each subject was askeû to consume a weight-maintaining diet containing at least 200g 

of carbohydrate per day and to refrain from strenuous physical activity. All tests were petforneci in 

the moming after a 12-h ovemight fast. The test required the insertion of two intravenous lines. One 

intravenous polyethylene catheter was insertcd in the antecubital vein for the infusion of 20% dextrose 

in water. A second poIyethylene catheter was inserted into a dorsal hand, wrist vein or antecubibl vein 

for obtaining blood samples. The hand or arm was kept warm with an electrical heating pad to allow 

sufficient arterial-vcnous shunting to "arterialize" the venous blood because there is a gradient between 

arterial and venous glucose values during these tests. 

Three blood sarnples were collecteci at 30, 20 and 10 minutes prior to glucose infusion, to 

measure basal glucose and insulin levels. When a fasting basal level was established, the clock was 

set to zero and the glucose infusion commenced to obtain the target glucose level which was calculated 

(98 mgldl above basal glucose level) based on the basal glucose level. The goai of the hyperglycemic 

clamp was to raise the blood glucose concentration acutely to a f ixe .  hyperglycemic plateau and to 

maintain it at that level for 120 minutes. This was accomplished by an intravenous glucose infusion 

consisting of two phases: a ten minute "priming Qse" needed to raise the glucose level in plasma and 

extravascular glucose compartments to the desired plateau and a "maintenance dose" that was 

computed at 5-min intervals throughout the test. The priming dose was calculated based on body 
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under the insulin and glucose curve was calculated. insulin sensitivity cdculated ffom 90- 1 20 min 

(average glucose Uifusiodaverage insulin), 0-10 minute insulin incrernental and total area under the 

curve (AUC), 20-120 minute insulin incremental and total AUC were calculated to investigate the 

difference between pre- and post-training. Glucose utilization during 20 to 120 minutes and 90 to 

120min was also compared pre- and post-training. 

Calculations and statisticai andysis 

Glucose Utilization. 

Glucose utilization (mg glucosekg body weighthin) 

= Glucose infùsion (mg glucosehnin) - Space correction 

The space correction may be a considerable factor when plasma glucose levels are relatively unstable. 

1) Calculation of glucose infusion (mVkg/min) for each five minutes time interval fiom glucose 

infusion rate (ml.min) for eacb fivc minutes time interval. 

Glucose infùsion = The inhsion rate (mumin) x nlucosc concentration (20 % Dextrose) 

subjects's body weight 

2) Calculation of space correction 

Space correction = [(Glucose value, - (glucose value .,. , x 0.095 

For example, glucose value at 1 10 minutes is 189 mg/d and glucose value at 1 15 

minutes is 165 mg/dl. The space correction caiculation is: 

(165 mg/dl0 189 mg/dl) x 0.095 

3) Glucose utilization during 20 to 120 minutes and 90 to 120 minutes 

The average glucose utilization during 20 to 120 minutes was calculated for total glucose utilization. 

The average glucose utiliation during 90 to 120 minutes was also calculated to measure glucose 

utilization for insulin sensitivity calcuiation (Defi011~) a al., 1979). 
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hsulin sensitivity. h l i n  saisitivity was assessed as an insulin sensitivity index, calculated 

by dividing the average glucose utilization d u ~ g  the 90 - 120 minutes of each hyperglycanic clamp 

(mg /kg/min) by average semm insulin during 90 - 120 min @efrem et al., 1979 and Elahi, 1996). 

Insulin sensitivity was expressed as mg glucose/kg/min per&J/mi of insulin. 

Area Under the Curve. Incrementd glucose and insulin area under the curve was calculateû 

for two-hour OGTT'. Both incremental and total area under the curve was calculated for 

hyperglycernic clamp. Trapezoidal mode1 was used to calculated for the incremental area under the 

glucose and insulin curve (Rogers et al., 1998). 

Statistical analvsis . S tat istical evaluation was made by nonparametric Friedman Test for 

paired data. Al1 staîistical tests were evaiuated at P < 0.05 (2-tailed testing). The data are presented 

as Mean *Standard Error of the Mean (SEM), 



CHAPTER IV 

RESULTS 

Exercise training 

The beginning of the program, no subject was able to complete 30 minutes of continuous 

exercise at O power output (PO). AAer the completion of 24 exercise sessions over eight weeks of 

training with ERGYS II, four out of seven subjects were exercising at 9.152 3.52 Watts. Three 

subjects were not able to complete ten minutes of continuous cycling until the end of the cight weeks 

of exercise training. The mean PO the subjects exercising after the eight weeks of training is 5.a 2.0 

Watt (Table 2). 

Table 2. 

Pre-training, post-train in^ cxercise PO. FPG and FSI 
- -- 

PO* (Watt) FPG (mgldl) FSI(pU/ml) 

mean + SEM 

Note: 

- denote significant di fierences between pre and pst-training @<O .O5) 

PO = Power Output, FPG= hting plasma glucose, FSI = fasting serum insulin 

SEM = Standard Error of Mean 



Fastinp serum nlucose and insulin 

There was no statistical significant change in fisting serum glucose and insulin between pre- 

and pst-training valueflable 2). 

Remonse to two-hour oral glucose tolerance test 

Post-training two-hour glucose and insulin levels were significantly lower than pre-training 

two-hour glucose and insulin levels. Two-hour glucose level decreased after the eight weeks of 

training with ERGYS II in al1 seven subjects (pre-training= 140I16; pst-training = 122.4*10 mg/dl, 

p=0.0 1 4) (figure 1 and 3). Also, two-hour insulin level were decreased aAer the training (pre-training 

= 118.4+42.6; pst-training = 87.5*lOpU/ml) (figure 2 and 4). However, due to large individual 

variability among subjects, there was no statistically sigiificant difference between pre and post- 

training two-hour insulin level (figure 3 and 4). Results fiom incremental area under the glucose curve 

indicate that post-training area under the curve decreased by 16% but due to the large individual 

variability there was no statistical signi ficance (pre-training=6962* 1 1 1 1.4; pst-training=5 845a8OO 

mgkWthe) (fi y r c  5). lncrementai ana under the insulin curve indicated that post-training are under 

the curve increased by 6.7% but also the difference between pre- and post-training incremental area 

under the insulin curve did not reach statistical significance @re-training=6541.5*1272; post- 

training-70 141 1803 p Ufml* tirne) (figure 6). 

According to the p re-training OGTïs, five out of seven su bjects (7 1.4%) with SC1 had 

abnonnal glucose tolerance (figure - 7). Out of five subjects with abnormal glucose tolerance, four 

had IGT (57.1 %) and one (1 4.3%) had DM according to the critena by Expert Committee on the 

diagnosis and classification of Diabeâes Mellitus (1 997). Results of the pst-training OGlTs indicate 

that there were two people whose two-hour glucose value was in the IGT range (28.6%) and five 

people whose two-hour glucose value were in the n o m 1  range (71.7 %) afkr the eight weeks of 

training with ERGYS II (figure 8). 



Time (min) 

Figure 1. Glucose response to two-hour OGTT 

Time (min) 

Figure 2. Insulin response to two-hour OGTT 



Fimire 3.  Pre- and post-training 2œhour glucose values during 2-hour OGTï @re= 140 k 16; post= 

122.4 * 10, p=O.O 14). 



Fimire 4. Pre- and pst-training 2-hour insulin values duMg 2-hour OGïT (pre-training = 1 18.4* 

42.6; pst-training= 87.5 * 1 0 pU/ml) 



Figure 5. Pre- and pst-training incremental a r a  under the glucose curve during 2liour OGTï (pre- 

training = 6962 1 1 1 1.4; 5845 k 800 mg/dl-time). 



Fipure 6. Pre- and pst-training incrementai area under the insulin curve during 2-hour OG'IT. (Pre- 

W n g  = 6541.5 * 1272; pst-training = 70 14 * 1803 pU/ml) 



Fimire 7. Pre-training Diagnosis of DM and IGT. DM =2 hour glucose value higher than 200 mg/dl, 

IGT = 2 hour glucose value higher than 140 and lower than 200 mg/d, N o m l  = 2 hour glucose value 

lower than 140 mg/d 



Fipure 8. Post-training Diagnosis of DM and IGT. DM = 2 hour glucose value higher than 200 

mgAl, IGT = 2 hour glucose vdue higher than 1 40 and lower than 200 mg/dl, Normal = 2 hour 

glucose value Iower than 140 mg/di 



Hv~et~ ivcern ic  clama test 

Hyperglycernic clamp tests were attempted on scven subjects for prebaùiing insulin sensitivity 

measurement. Four subjects were excluded fiom hyperglycemic clamp test due to technical problcms. 

Three pre- and pst-training hyperglycemic clamp tests werc successfully performed and the results 

are presented for each individual separately. 

Subiect 2 

Glucose utilization and insulin sensitivity (figure 9 and 10). The glucose utilization dunng 

the last 30 minutes of the hyperglycemic clamp test increased from 4.78 2 .75 to 6.28 5 1 .O4 mg 

glucose/kg /min &r the completion of eight weeks of training with ERGYS II. However, the insulin 

sensitivity did not change a fkr  the completion of training @re-training: 4.69; post-training: 4.6 1 mg 

glucose/kg/min per pU /ml of insulin) (figure 9). 

Tnsulin resuonses (figure 1 1, 12, 13 and 14). The early phase (O to 10 min) serum insulin 

response to hyperglycemia increased after the training. The peak serum insulin concentration was 83.2 

pU/ml for the pre-training and 1 1 1.6 pU/ml for the post training. The early phase incremental area 

under the insulin curve increased fiom 368.7 to 495 pU/mlmin and total area under the curve 

increased fiom 545.3 to 668 pU/rnl after the training with ERGYS Il. The late phase (20 to 120 min) 

serum incremental area under the curve Uicreased fiom 21 14.5 to 3500.5 fiUlm1 min and the total 

serum area under the insulin curve increased fiom 6950 to 10790 p U / d  min. 

Subiect 3 

Glucose utilization and insulin sensitivitv (figure 9 and 10). The glucose utilization during 

the last 30 minutes of the hyperglycemic clamp test increased fiom 7.2- to 12.52I2.47 mg 
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glucose/kg/min after the completion of eight wecks training with ERGYS II. The insulin sensitivity 

also improved after the training from 1 1.45 to 16.58 mg glucose/kg/min per pU /ml of insulin. 

Insulin reswnses (figure 1 1, 12, 13 and 14). nie early phase semm insulin response to 

hyperglycemia decreased after the training. Pre-training pi& semm insulin concentration was 37.4 

g U / d  min and post-training peak serum insulin concentration was 35.9pU/ml * min. The carly 

phase incremental area under the insulin curve increased from -2.23 to 58.73 p U/ml min and total 

area under the curve decreascd fiom 304.7 to 253 .O3 pU/d min &er the training with ERGYS II. 

The late phase semm incremental area under the curve increased fiom 1 19 to 1322 micro U/ml a min 

and the total serum area under the insulin curve decreased fiom 39 1 1 to 3 866 pUld min. 

Subiect 4. 

Glucose utilization and insulin sensitivitv. (figure 9 and 10) The glucose utilization during 

the last 30 minutes of the hyperglycemic clamp test increased fiom 5.14 2 7.3 to 5.4 + 1.04 mg 

glucose/kg/rnin after the of completion eight weeks of training with ERGYS II. The insulin sensitivity 

also improved d e r  the training fiom 6.77 to 10.43 mg glucose/kg/min per pU /ml of insulin. 

insulin responses. (figure 1 1, 12,13 and 14) Post-training serum insulin response dunng two- 

hour hyperglycemic clamp decreased. The early phase incremental area under the insulin curve 

decreased from 130.23 to 75.5 pU/d and the total area under the curve decreasçd from 3 14.53 to 

298.7 pU/rnl min afker the eight weeks of training with ERGYS iI. The late phase serum incremental 

area under the curve decreased from 1405 to 897 pUlrnl min and the total s e m  area under the 

insulin curve decreased fiom 6205 to 4293 pU/ml min. 



Fimire 9. Pre- and pst-training insulin sensitivity measure by hyperglycaemic clamp tests on subja 

# 2, # 3 and # 4 (Epre-trauiing;mst-traing). 



Fimre 10. Pre- and pst-training 90 - 120 min Glucose utilization during Hyperglycemic clamp test 

on subject # 2, #3 and # 4. (mre-training;.--pOst-training). 



Fimire 1 1 .  Pre- and pst-training early phase (O - 10 min) incremental area under insulin the curve 

during Hyperglycemic clamp test on subject # 2, # 3 and # 4 (I7=pre-training;.--pOst-training). 



Fimire 12. Pre- and pst-training early phase (O - 10 min) total area under the insulin curve during 

Hyperglycernic clamp test on subject # 2, # 3 and # 4 (U=pre-training;D=post-training). 



Fimire 13. Pre- and postaaining late phase (20 - 120 min) incremental area under the insulin cuve 

dunng Hyperglycemic clamp test on subject # 2, # 3 and # 4 (mre-training;wst-tming).  



Fimire 14. Pre- and pst-training late phase (20 - 120 min) total area under the insulin curve d u h g  

hyperglycemic clamp test on subject # 2, #3 and #4 (-te-training;H=post-training). 



CHAPTER V 

DISCUSSION 

The effects of eight weeks of training with ERGYS II on glucose tolerance and insulin 

sensitivity in people with SC1 were investigated in the present study. Results indicated that training 

with ERGYS 11 improved glucose toleranceand insulin sensitivity in people with SCI. The results fiom 

OGïTs suggested that glucose and insulin levels at the two-hour mark of OGïT decreased by 15.3 

and 28.5 percent wmpared to the pre-baining level, respectively, after the completion of eight weeks 

of training. Since the two hour glucose level of the OG'TT is used to diagnose DM or IGT, the 

diagnosis of DM or IGT among participants changed significantly (The Expert Cornmittee on the 

Diagnosis and Classification of Diabetes Mellitus, 1997). Five out of seven participants had abnormal 

glucose tolerance before they started exercise training. Mer  thc eight wœks of training with ERGYS 

II, only two out of five subjects remained diapsed for IGT and the rest showed normal two-hour 

glucose levels which supporte. fint hypothesis that training with ERGYS II will improve glucose 

tolerance. 

The incrementai area under the glucose curve d u ~ g  the two-hour OGTïs decreased 16 

percent (pre-training6962I1114 mg/dl min; post-training=5845&800 mg/dl min) and the 

incremental area under the insulin curve dunng the two-hour OGTTs increased by 6.7 percent (pre- 

training654 1 SI 1272; post=training=70 14k 1803 pU/ml min) after the eight weeks of training with 

ERGYS iI. However, neither pre- and post-training incremental glucose nor insulin area undcr the 

curve reached the statistical significance. Although there were no statistical differences in glucose and 

insulin area under the curve between pre- and pst-training, there was a larger decrease in glucose area 

under the curve (16%) compared to the increase in insulin area under the curve (6.7%). This result 

suggested that subjezts were using glucose and insulin more effectively after the eight weeks of training 

with ERGYS n. Because post-training OGTîs were perfonned 48 houn A r  the last bout of 
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exercise with ERGYS II, improvement on pst-training glucose profile was assumed to be due to the 

effects of eight weeks of exercise training rather than from the residual effects of the last exercise bout 

(Burstein et al., 1985; Schneider, Amorosa, Khachadurina & Ruderrnan, 1984) . 

Results fiorn hyperglycemic clamps tests indicated that either insulin sensitivity or glucose 

utilization improved in al1 three subjects d e r  the eight weeks of training (figure 9 and 10). Insulin 

sensitivity improved on subject number three and four and glucose utilization improved in subjects 

nurnber two and three. Subject number two had DM and lowest insulin sensitivity (4.69 mgkglmin 

per pU of insulin) among three subjects. The mechanism for improved insulin sensitivity or glucose 

utilization in the present study was not clear. Subject number two's insulin action was already 

impaired pnor to the training and not able to be restored with eight weeks of training with ERGYS II. 

In subjccts number three and four insulin action was not impaired and eight weeks of exercisc training 

was able to improve insulin sensitivity. Therefore, eight weeks of training with ERGYS II rnay 

improve insulin sensitivity among su bjects with normal insulin sensitivity or glucose tolerance but my 

not in subjects with prior impaircd insulin action. This result supported the second hypothesis that 

exercise training with ERGYS II will improve insulin sensitivity in people with SCI. 

hprovements in glucose tolerance and insulin sensitivity after regular physical activity were 

consistent with other research findings in the able bodied. Perseghin et al. (1996) trained ten subjects 

with Type II DM who had signifiant insulin resistance and eight normal subjects nith forty-five 

minutes of stair climbing at 65 percent of VO, for six weeks. Insulin sensitivity and insulin 

response were measured before and aAn six weeks of physical activity by euglycemic clamp test and 

hyperglycemic clamp tests. The training improved insulin sensitivity in both the insulin resistant group 

and the normal group by more (43%) than that which has been reported for pharmacoiogical treatment. 

Also, Schneider, Amorosa, Khachadurina and Ruderrnan . (1984) assessed the effects of physical 

training on a group of20 subjects with Type 2 DM and 1 1 cmtrol subjects. The subjects were trained 
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three times per week (50975% of the VO for six weeks and oral glucose tolerance test were 

administered before and 72 hours afker the last bout of training. The results indicated that training 

improved glucose tolerance slightly and decreased glycosylated haemoglobin significantly. Similar 

intensity (percent VO 4, duration and frequency of the training to the present study were use. by 

Schneider et al. (1 984). 

In the present study, the maximum raistance achieved by the subjects on the ERGYS 11 was 

218 kp which is equivalent to 12.2 watts and the average exercise resistance at which subjects were 

exercising was 0.86/8 kp. In the eight weeks of training, a large variability in exercise capacity 

among subjects was observed. Three subjects could not perform pedalling for more than five minutes 

and were therefore allowed thrce ten minutes exercise bouts foilowed by two minutes cool dom and 

five minutes rest for each exercise bout, making the total exercise time of 30 minutes. In contrast, four 

subjects were able to complete 30 minutes of continuous exercise within the first t h r ~  weeks of 

training with ERGYS II. Extemal resistance was loaded on aH four subjects who were able to 

camplete 30 minutes of continuous exercise and the average resistance was 1.5418 * S9 Kp. This 

result is consistent with Mohr et al. (1997) who reporteci that eight out of ten subjects were able to 

pedol the ERGYS for 30 minutes continuously within the first thrce weeks of training. One of the 

rasons for the large variability on the exercise intensity among subjects in the present study was 

perhaps due to the fact that subjects started ERGYS exercise without a leg-strengthening phase which 

was recommended by the manufacture and also used by many other investigators (Bloomfield, Jackson 

& Mysiw, 1994; Mutton et al., 1997; Ragwsson et al., 1988; Twist, Culpepper-Morgan, Ragnaason, 

Petri110 & Kreek, 1 992). 

The exercise power output of the ERGYS II in the present study was significantly lower than 

cycle ergometer training used in shidies of the able-bodied. However, the physiological responses of 

people with SC1 to ERGY S II training were different fiom able-bodied people at the same exercise 
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intensity (Glaser et al., 1989). Kjaer et al. (1996) compared glucose regulation between people with 

SC1 exercising on ERGYS and a nomial control group exercising on a cycle ergometer at the same 

power output and at the same oxygen consumption. They reported that at the same oxygen 

consumption, the resistance of the cycle ergometer at which the control group exercised was four 

thes higher than the resistance attained on the ERGYS by people with SCI. Also, at the same power 

output, the metabolic rate was much lower than that measured in people with SC1 exercising with 

ERGYS (Kjaer et ai., 1996). Also, Glaser et al. (1989) determineci steady-state physiologic responses 

of 12 subjects with SC1 dunng exercise with ERGYS and cornpareci these to six able-bodied 

individuals performing voluntary leg cycle ergometry at the same power output. They reported that 

exercise with ERGYS elicited significantly higher oxygcn consumption, ventilation and heart rate 

responses from subjects with SC1 compared to the able-Mid subjects exercising at the sarne power 

output levels (Giaser et al., 1989). The authors reporteù that the main rasons for this inefficiency of 

exercise with ERGYS was the nonphysiological activation of the paralyzed muscles, the deteriorated 

condition of these muscles, and inappropriate biomechanics for the movements (Glaser et al., 1989). 

Although low efficiency would noi be beneficial for reliable performance of skilled activities, it has 

an advantage for training effect because of the relatively high metabolic rate (Glaser et al., 1989; 

Figoni et al., 1988). 

Even if the absolute exercise work output was low in the present study, the relative exercise 

intensity compared to VO, achieved by am crank ergometer was not low according to the oxygcn 

consumption when the subjects were exercising on the ERGYS II. The subject's relative VO 

determined during am crank exercise was i .46 1 . 1 9 L/min and the peak oxygcn consumption 

determined during ERGYS II exercise was 0.8 .34 Umin. Therefore, the oxygen consumption 

during ERGYS ï I  exercise was about 60% of the VO ,, determinecl during arm crank exercise. 

Interestingly, Braun et al. (1994) demonstrated that low intensity exercise (50% of V 0 A  over a 
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longer duration irnproved insulin sensitivity to a level similar to high intensity exercise (75 % of 

V O d  over a shorter duration in able bodied subjects. Therefore, the Uitensity of the exercise in the 

present study may have reached the required intensity needed to improve glucose tolerance and insulin 

sensitivity . 

According to the pre-training OGïT, 71 percent of the participants were diagnased as either 

IGT or DM. However, the mean fasting plasma glucose values among the participants were within 

the normal range (84.6 * 2.8 mg/dl) regadess of diagnosis. This result was consistent with other 

research by Bauman et al. (1 994) and Zhong, Levy & Bauman ( 1995). The rcason for normal fasting 

plasma glucose in people with SC1 when their two- hour glucose level show DM or IGT is still not 

clear. The normal fasting plasma glucose in the population with SCI, regardless of diagnosis, has 

clinical applications. Orchard (1994) reported fiom a survey among 76 physicians in Pittsburgh that 

only one of the physicians used the m'TT as a first test, and more than 70 percent never uscd it. 

Fasting plasma glucose (64%), random b l d  glucose (28%) and urin anal ysis (1 3%) were used rnost 

frequently. However, due to the normal fasting plasma glucose levels among people with SC1 

regardless of diagnosis, it is difficult to be able to detect IGT or DM until the DM develops further 

and becornes symptomatic. It was hypothesid that the mechanism for normal fàsting plasma glucose 

level regardless of elevation post-prandially in people with SC1 may due to decrease in muscle mass 

which is major area for the glucose uptake and down regdation of sympathetic activity which led to 

decrease in catecholamine level during rest and exercising in people with SC1 (Mathias, Frankel, 

Turner dé Christensen, 1979 & 1976; Stjernberg, Blumberg & Wallin, 1986). Therefore, it was 

recommended to perform the two-hour OGTï in order to diagnose IGT or DM in people with SC1 

rather than fasting pksma glucose or random blood glucose. 

The mechanism for the irnproved glucose tolerance and insulin sensitivity &r eight weeks 

of training with ERGYS II was not clear fiom the present data. There are three possible mechanisms 
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for improved glucose tolerance and insulin sensitivity in the present study; body composition changes, 

improvement on cardiovascular fitness and muscle characteristic changes after eight weeks of training 

with ERGYS II. However, since paralyzed skeletal muscle in people with SC1 was the one of the 

major factors for developing DM or IGT, exercise of paralyzed muscle with ERGYS II may be one 

of the main reasons for the improvement in glucose tolerance and insulin sensitivity in the present 

study . Andersen et al. (1 996) trained five male SC1 subjects with ERGY S for 30 minutes at 50 rpm 

for 12 months. The myosin heavy chah (MHC) composition of single fibres fiom the vastus lateralis 

muscle was analyzed by electrophoresis. Mer  12 months of trahg, the number of fibres containing 

MHC IIb werc reduced to 2.3% (37.2% before training), the number of fibres containing both MHC 

na and IIb decreased to 4.6% (40.7% before training), while the number of fibres wntaining only 

MHC IIa increased to 9 1.2% (2 1.2% before training). Also, Mohr et al. (1997) trained ten subjects 

with SC1 with FES cycling, three times per week for one year and measured thigh girth, and also 

performed muscle biopsy before and after the training for one year. The results fiom the study 

indicated that one year training increased th& girth (1.8 * 0.3 cm) and muscle rnass (12%) 

significantly. Also, the same study reported hcrements in enzymatic activity of citrate synthase, an 

hdicator of rnitochondnal oxidative capacity after the training. Petrosfsky & Stacy (1992) reported 

increases in oxidative capacity by 75% after training individuals with FES cycling 15 minutes a day, 

five times a week for two months. In addition, Etgen et ai. (1993) reported that FES exercise increased 

the level of GLUT-4 content in paraiyzed rat muscles. Proportion of Type 1 and Type na muscle fibre, 

capillary muscle fibre ratio and GLUT-4 content in the muscle are correlated to insulin sensitivity 

which can be improved by training with ERGYS. Therefore, it was hypothesized that irnprovement 

in glucose tolerance and insulin sensitivity in the present study may be due to changes in muscle 

characteristics. 



CHAPTER VI 

SUMMARY, CONCLUSION, AND RECOMMENDATION 

Summarv and Conclusion 

The two-hour glucose values1 during two-hour OGTï indicateû that one subjed with DM and 

two subjects with IGT achieved normal range after the cornpletion of eight weeks of training. 

However, two-hour insulin values, glucose and insulin area under the curve during two-hour OGTT 

did not reach statistical significance. Even if there was no statistically signifiant decrease after the 

training, most of the post-training values were lower than those of prc-training. This supported that 

glucose tolerance improvcd afier training but some of the variables did not reach statistical significance 

due to small subject number. Accoràing to two-hour hyperglycemic clamp tests, ail thrw subjects 

irnproved on either glucose utilization or insulin sensitivity. Subject number three and four's insulin 

sensitivity improved by 30.9 and 35.9 percent respectivcly. Subject number two's glucose utilization 

was increased 23.9 percent but insulin level also increased 25 percent. Thus, subjects number two's 

insulin sensitivity did not change. 

Improvement on glucose tolerance and insulin sensitivity aAer training in the prcsnit 

investigation supported the initiai hypotheses that eight weeks of training with ERGYS U would 

improve glucose tolerance and insulin sensitivity in people with SCI. Due to the lack of subject 

number for hyperglycemic clamp tests, the results fiom hyperglycemic clamp test can not be 

generaiized to whole population with SCI. However, the consistancy with the two-hour glu:ose 

tolerance test and data fiom individual cases suggested that exercise training with ERGYS II may 

irnprove insulin sensitivity who do not have severe insulin resistance in people with SCI. The 

mechanism of improvement on glucose tolerance and insulin sensitivity was still not clear fiom the 

present study data. However, it is assumed that improvement on glucose tolerance and insulin 

sensitivity rnay be due to increase in muscle mas,  changes in muscle characteristics and increased 

levei of physicai activity. 
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Therefore, it is hypothesized that regular exercise with ERGYS il is a usefùl tao1 for 

prevention and treatment of IGT or DM in people with SCI. Also, due to its additional beneficial 

effects on wdiorespiratory fitness, blood lipid profile, adiposity and blood pressure, exercise training 

is highly recommcnded for the prevention and treatment of DM. Thus, regular emrcise with ERGYS 

II is recommended as the way to optimize effects of physical activity and to decrease the nsk of 

developing DM in people with SCI. 

Recommendations for the Future Research 

The present smdy found a statistical significance only on two-hour glucose levels due to srnall 

numbcr of subjects, a large individual variability among subjects and low exercise intensity. 

For funire research, it is rccommended to have more subjects with less individual vanability. 

bstead of including male, fernale, subjects with paraplegics and quadriplegics, include only 

male with paraplegics or female with quadnplegics to decrease individual differences. 

O The present study was the first research investigation examining the effect of exercisc training 

on glucose metabolism or insulin sensitivity in people with SCI. FES-assisted exercisc device 

(ERGY S II) was used in the present study . For the future research, training effects of other 

exercise modalities such as wheelchair exercise, am crank exercise, swirnming and hybrid 

(m crank exercise & ERGYS II exercise simultaneously) should be investigated. Also, it 

was recommended to investigate the mechanism of exercise associated improvernent on 

glucose tolerance or insulin sensitivity such as effects of FES-assisteci training on insulin 

binding or GLUT-4 transporter contents. 
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APPENDIX A 

INFORMATlON TO THE PARTICIPANTS 

Effects of electricai stimulation exercise on insulin sensitivity in people with spinal cord injury 

Principal invcstigator: Dr. Robert Bumham, Division of Physical Medicine & Rehabilitation, 

University of Alberta 

Co-investigators: Mr. Justin Jeon, Dr. Robert Steadward, Dr. Gany Whceler, Rick Hansen 

Centre, Department of Physical Education, University of Alberta 

Information to Participants: 

Recent research found that people with spinal cord injury (SCI) tend to use sugars in their body 

differently than able-bodied population which may put them at higher risk of developing diabetes 

mellitus (DM). Exercise has proven to be an effective tool to prevent or treat DM in those without 

SCI. One usefùl fom ofexercise for persons with SC1 uses electrical stimulation on the paralyzed 

muscle of thc legs enabling them to lie weights or pedal an exercisc bike. 

You are being asked to participate in a research study to determine the eEect of electrical stimulation 

exercise on the way your body uses its sugar. Prior to the training you will undcrgo an examination 

by a medical specialist to ensure you are fit for the Vaining. You will be asked to complete 24 sessions 

of electrical stimulation assisteci bicycle exercise in eight week pcriod . Therefore, you will be asked 

to make 24 visits for the exercise training. The electnral stimulation training involves applying 

electrodes on the skin at various sites on your legs through which an electrical current is given under 

cornputer control to make the legs pedal a bike. On four occasions during the study (before and afkr 

eight weeks of exercise training), blood samples will be taken from your am to measure insulin 

sensitivity. On two occasions, 30 small b l d  samples (3 ml each equivalent to a total of 1 cupfiil) will 

be drawn before and during the infusion of glucose via an intravenous needle in a foreann vein. On 

two occasions, five s d l  sample (3 ml each) will be drawn fiom you in two hour period (0,30,60, 

90, 120 minute) after drink a orange juice (75grams of carbohydrate). 

'Ihere is a very slight chance of side effects occuning with the electncai stimulation exercise training. 

These side effeds rnay include: skin imitation, muscle or ligament damage, stress fracture, nausea or 



faintness, and autonomie dysreflexia (elevated b 1 d  pressure, head ache). However, a p hysician 

examination conducted prior to the study will identify participants who rnay be at nsk for these side 

effects, and blood pressure will be monitored during the exercise sessions. The blooâ tests are invasive 

(skin is punctured for two intravenous needles) and with any such procedure there is a slight risk of 

infection or bruising. Al1 lab procedures involving collection and handling of body fluids are 

conducted under the strict guidelines of Occupational H d t h  and Safety (OHS). 

Al1 the information collected will be held in strict confidence and stored on computer disk at the Rick 

Hansen Centre under the care of Dr. Robert Bumham and Mr. Justin Jeon. Data will be usd for 

abstracts and publications and confidentiality will be rnaintained via identification nurnber, 

You are free to withdraw fiom the rescarch study at any the,  and your continuing mdical care will 

not be affiied in any way. If any howledge gained from this or any other study becornes available 

which could influence your decision û~ continue in the study, you will be promptly uiformed. If you 

desire to continue with electricai stimulation exercise training at the end of the study, the Rick Hansen 

Centre will make this program available for you. 

If you have further concems about aspect of this study, you may contact the Patient Conccms Office 

of the Capital Health Authority, at 474-8892. This office has no affiliation with the study investigator. 

Please contact any of the individu& identified below if you have any questions or concems: 

Dr. Robert Bumtiam at the Edmonton Sport Institute. (403) 45 14234 

Dr. Robert Steadward at the Rick Hansen Centre. (403) 492-3 182 

Mr. Justin Jeon at the Rick Hansen Centre. (403) 492-9389 



APPENDIX B 

CONSENT FORM 

Effect of electricd stimulation exercise on insulin sensitivity in people with spinal cord injury 

Principal Investigator: Dr. Robert Bumham (ph:45 1 - 1234) 

Co-investigator: Mr. Justin Ieon (Ph:492-93891, Dr. Robert Steadward (492-3 182) 

Dr. Garry Wheeler (492-7 1 5 8) 

Rick Hansen Centre, University of Alberta 

CONSENT FORM 

Yes 

Do you understand that you have b a n  asked to be in a research study ? O 

Have you read and received a copy of the attached Information Sheet 1 O 

Do you understand the benctits and nsks involved in taking part in this O 

research study ? 

Have you had an opportunity to ask questions and discuss this study ? O 

Do you understand that you are free to withdraw from the study at any 
time, without having to give a reason and without affecthg your h r e  
medical a re?  O 

Has the issue of conficientiality been explained to you, and do you 
understand who will have access to your medicai records? 

Do you want the investigators to Zorn your Fdmily doctor that you are 
participating in this research study? O 

Who explained this study to you? 

1 agree to take pari in this mdy: E S  0 No 0 

Signature of Research Subject 

(Printed Narne) 

Date: 

Signature of Witness 

Signature of Investigator or Designee 



APPENDIX C 
RiCK HANSEN CENTRE FES SAFETY PROTOCOL 

The Rick Hansen Centre FES safety protocol is as follows: 

The blood pressure will be checked at regular intervals dunng ERGY S training. Should signifiant 

autonomic dysreflexic induccd hypertension (defined as .180/120 or -50 % increase of resting blood 

pressure) occur, the following protocol should be followed: 

1. Discontinue the eIectncal stimulation. 

2. Elevate the head of the bed or bring the patient to a sitting position. 

3. Loosen any constricthg clothing. 

4. Check bladder drainage equipment for kink or othcr cause of obstruction, or drain the bladder 

if an indwelling catheter is not used. 

If blood pressure does not drop below the hypertensive level within five minutes of instituting the 

above measures: 

1. If a physician is available on site, he or she will break open and squeeze the contents of one 

1 0 mg Ni fcdi pine capsule under the tongue. If hypertension is not brought under control, this 

treatment rnay be repeated in 30 minutes. If the signs and symptoms are not manageable, the 

patient will be transferred to emergency. 

2. If no physician is available, transfer to Emergency. 



APPENDIX D 

Glucose values fiom Twochour OGTT 

- - - - -- 

subjects Glucose (mgldl) 

Subject 1 
Pre-training 

Subject 1 
Post-training 

Subject 2 
Pre-training 

Subject 2 
Post-training 

Subject 3 
Pre-training 

Subjecî 3 
Post-training 

Subject 4 
Pre-training 

Subject 4 
Post-training 

Suject 5 
Pre-training 

Subject 5 
Post-training 

Subject 6 
Pre-t raining 

Subject 6 
Post-training 

Subjecî 7 
Pre-training 

Subject 7 
Post- training 

O min 

8 1 

79 

99 

91 

77 

80 

87 

76 

88 

89 

81 

87 

79 

77 

30 min 

140 

177 

166 

118 

1 O9 

155 

142 

114 

153 

144 

120 

112 

150 

128 



APPENDIX E 

lnsulin values durina Two-hour OGTT 

Subjecî 1 
Pre-training 

Post-training 

Subject 2 
P re-t raining 

Post -training 

Subject 3 
Pre-training 

Subject 3 
Post-training 

Subject 4 
P re-training 

Subject 4 
Post-training 

Suject 5 
Pre-training 

Subject 5 
Post -training 

Subjecî 6 
P re-training 

Subject 6 
Post-training 

Subject 7 
Pre-training 

Subject 7 
Post-training 

O min 

26.7 

10.4 

13.7 

20.2 

11.8 

7.2 

12.9 

12.1 

12.8 

14.1 

37 

37 

9 

13.6 

30 min 

59.6 

111.7 

126 

108.3 

61.2 

72.1 

42.8 

34.7 

64.6 

89.5 

61.4 

34.7 

31 

43.6 

60 min 

135 

142.2 

189 

114,8 

71.6 

100.3 

69.9 

68.7 

79.1 

96.3 

52.7 

75.1 

38.1 

55.7 



APPENDIX F 

Surnrnarv result of hwer~rlvcemic  clam^ test 

Subject 2 Subject 3 Subject 

Pre-training glucose utilization during 4.85 6.1 1 4.84 

20 - 120 min (mg/kg/min) 

Pre-training glucose utilization during 4.78 7.2 5.14 

90- 120 min(mg/kg/min) 

Pre-training average insu lin value 102 62.88 75.88 

during 90 - 120 min (pU/ml) 

Pre-training insulin sensitivity 4.69 1 1.45 6.77 

(mg/kg/min per gU insulin) 

Post-training glucose utilization 6.86 9.4 4.46 

during 20 - 120 min (mg/kg/min) 

Post-training glucose utilization 6.28+ 1 .O4 12.52 5.4 

du ring 

90 - 120 min (mgkdmin) 

Post-training average insulin value 136.13 75.5 5 1.8 

during 90- 120 min (CtU/ml) 

Post-training insulin sensitivity 4.61 16.58 10.43 

(mg/kg/rnin per pU insulin) 
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