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ABSTRACT 

The purpose of this study was to explore utility of hand

grip strength measured by the hand-grip dynamometer for assessment of 

nutritional status in protein-calorie malnutrition. The first study 

included six subjects (all right-handed), who had grip strength 

measured daily for five days, then weekly for three weeks. Intra

individual variability was approximately 10%. No learning or training 

effect was observed. Change in leg position from feet on the floor 

to elevation of feet made no significant difference in grip-strength 

measurement. 

In Phase Two, 43 healthy adult subjects (three left-handed) 

prior to elective surgery, height was significantly related to hand

grip strength (r - 0.82, p < 0.001). Males were stronger than 

females. After surgery, the non-dominant hand lost significant 

strength (2.68 kilograms) and recovered more quickly than the dominant 

hand. Multiple regression analyses provided predictive equations 

for pre-surgery left hand-grip strength using age, sex, and height 

(R2 - 0.77); from age, sex, hand measured, and grip strength two 

days after surgery or three days after surgery (R2 - 0.89 for each). 

Ten sequential grip-strength measurements analyzed by repeated 

measures analysis of variance with orthogonal comparisons showed a 

difference in measurements between hands as well as before and after 

surgery. The slope of the measurement line was more linear before 
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and three days after surgery, but more quadratic in shape two days 

after surgery. The effects seen by type of surgery were inversion 

of the slope of right hand sequential measurements two days after 

knee surgery and before-surgery drop and increase from trial five to 

trial seven in left hand sequential measurements of knee and vaginal 

hysterectomy subjects. 

In a six-month-1ong case study, grip-strength measurements 

were followed in a seriously-ill 68-year-old patient hospitalized 

for surgical repair of hiatal hernia and mucous fistula who under

went several periods of nutritional depletion. Grip strength varied 

throughout the period (although not differently from healthy sub

jects), but did not directly parallel changes in serum albumin or 

prea1bumin. 

The conclusion was that hand strength measured by the hand

grip dynamometer did not change enough with fasting and surgery from 

normal day-to-day variability to be useful for nutritional assessment. 
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CHAPTER 1 

INTRODUCTION 

The purpose of this study is to evaluate the utility of hand

grip strength as measured by the hand-grip dynamometer for nutritional 

assessment of protein-calorie malnutrition. Nutritional status is 

the condition of a person relative to his/her intake and absorption 

of the components of diet necessary to sustain life. Malnutrition 

describes the state of an individual who has not received adequate 

intake of a nutrient or nutrients relative to his/her needs. Typical 

causes of malnutrition are (1) unavailability of food, (2) insuffi

cient food intake, (3) a disease process that limits intake or 

absorption, or (4) increased needs. One major category of mal-

nutrition is protein-calorie (energy) malnutrition, which results 

from insufficient intake of protein and calories relative to 

requirements. 

Clinical nutritional assessment is the evaluation of a 

person's nutritional status and identification of the causes and 

degree of any imbalance. Relevant information includes the tissue 

concentrations, circulating levels, or excretion of various products 

of metabolic cycles which rely on adequate nutrition for their sub

strates, enzymes, coenzymes, cofactors, and other components. 

Although many static indicators of nutritional status (nutrient levels 

in blood, urine, and other body tissues) have been validated over a 
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wide range of nutriture and are relatively well understood biolog

ically and statistically, they remain indirect approximations (Himes, 

1987). 

Recently there has been interest in developing functional 

measures for the assessment of nutritional status. Solomons and 

Allen (1983) have defined functional indicators of nutritional status 

as "diagnostic tests to determine the sufficiency of host nutriture 

to permit cells, tissues, organs, anatomical systems or the host 

him/herself to perform optimally the intended nutrient-dependent 

biological function." These variables include structural integrity 

of cells and tissues, nutrient transport and metabolism, behavior, 

and work capacity. To this end, involuntary strength of the adductor 

po11icis muscle has been studied relative to nutriture of people in 

a variety of physiological conditions (Lopes et a1., 1982; Russell, 

Leiter et al., 1983; Russell, Prendergast et a1., 1983; Shizga1 et 

al., 1981; Newham, Tomkins, and Clark, 1986; Brough et a1., 1986; 

Chan et a1., 1986). Hand strength has also been evaluated in relation 

to measures of nutritional status by investigators through use of 

the hand-grip dynamometer (K1idjian et a1., 1980; Klidjian et a1., 

1982; Hunt et a1., 1985; Watters et a1., 1985). 

Clinical nutritional assessment can be lengthy and expensive, 

and in the present health-care environment which stresses economical 

health care within minimal time constraints, there is a demand for 

assessment techniques that are simple and inexpensive. The purpose 

of the present study was to explore the use of grip strength, measured 
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with a hand-grip dynamometer, in relation to short-term nutritional 

stress and to longer-term malnutrition. 

The research included a series of studies designed to 

investigate the relation of grip strength to nutritional status. In 

Phase One, the objective was to describe day-to-day variability in 

grip strength measured with the hand-grip dynamometer and to observe 

possible learning or training effects. Six healthy subjects were 

tested daily for five days and then weekly for three weeks. A second 

study explored the effect of leg position on grip strength measures. 

While arm and upper body positions have been stressed in the litera

ture, leg position has not been studied. Hospitalized patients are 

sometimes confined to bed but may sit up. Therefore, use of this 

position for measurement needed evaluation. 

studied. 

Six subjects were 

The purpose of Phase Two was to describe the relation of grip 

strength to age, sex, and arm anthropometry in healthy people prior 

to elective surgery and to observe whether the short-term nutritional 

and physical stress of surgery produced acute changes in grip-strength 

measures. Also, the effect of fatigue with a series of sequential 

strength measurements was observed before surgery, then two and three 

days postoperatively. Forty-three subjects participated in Phase Two. 

In Phase Three the purpose was to test whether grip strength 

changed over a longer time period with alteration in nutritional 

status. This involved a case study of one subject who had hand-grip 

strength measured in relation to serum albumin and pre albumin over a 
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period of six months while the subjec't experienced nutritional 

depletion and repletion during intermittent periods of infection. 
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CHAPTER 2 

REVIEW OF LITERATURE 

The material gathered here from various disciplines is 

intended to provide background information pertinent to investigation 

of the hand-grip dynamometer as a tool for nutritional assessment. 

First, the metabolism of the human body will be reviewed in relation 

to the nutrients received from food, after which the process of 

nutritional assessment will be outlined. A discussion of muscle 

function in relation to nutritional assessment will follow. Finally, 

uses of the hand-grip dynamometer will be described, and studies 

where the hand-grip dynamometer has been tested as an instrument in 

the evaluation of nutritional status will be reviewed. 

Nutrition and the Human Body 

The human body is constructed and maintained from components 

of its daily dietary intake: dietary protein provides amino acids 

for synthesis of body proteins and other tissue components; fat 

supplies essential fatty acids, is a carrier of fat-soluble vitamins, 

and is used as a storage form of energy; carbohydrate provides energy 

in a variety of forms from complex starches to simple sugars. 

Ingested with these major food components are a variety of vitamins, 

minerals, trace elements, water, electrolytes, and other substances. 
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All of these contribute to the metabolic cycles of the body. Guide

lines for appropriate intake of various nutrients to meet the body's 

daily needs have been established by the National Research Council 

(Food and Nutrition Board, 1980). 

Because a person is not continually eating 24 hours a day, 

there is an ebb and flow of available nutrients. Therefore, the 

body has adaptive mechanisms to facilitate function when food is not 

directly available. When more food is consumed than is needed 

directly, the excess is primarily stored as fat. Carbohydrate may be 

stored as glycogen in the liver and muscles; the caloric equivalent 

of stored glycogen is small, well below the total caloric need for 

one day. The maj or reservoir ,of body protein is in muscle tissue. 

Protein is important for body structure, enzymes, and muscle func

tion. If 30 to 50% of body protein is depleted, survival is not 

possible (Felig, 1979). 

Hormones are the important integrators of metabolism. 

Insulin, glucagon, epinephrine, and norepinephrine, in particular, 

play key roles in fuel metabolism. They coordinate the storage and 

use of fuels to maintain homeostasis. Insulin is secreted by the p 

cells of the pancreas when blood sugar-level is high and indicates 

the fed state when proteins can be synthesized and fuels stored. 

However, when blood sugar is low, glucagon is secreted by the Q cells 

of the pancreas. Glucagon stimulates glycogen breakdown and raises 

the level of cyclic adenosine monophosphate (cyclic AMP) in adipose 
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cells so that fat is available as a fuel. Epinephrine and norepine

phrine from the adrenal medulla and sympathetic nerve endings are 

also triggered by low blood sugar, have an effec t similar to glucagon, 

but affect muscle more while glucagon's maj or target organ is the 

liver (Stryer, 1981). 

The fuels used by the body vary depending on length of time 

since the individual has eaten. In the postabsorptive state (6-12 

hours after eating), a decrease of insulin and increase of glucagon 

stimulates free fatty acids to be released from adipose tissue. The 

fatty acids are oxidized in the liver to form ketone bodies. Also, 

the liver breaks down glycogen to provide glucose. Even in this 

early stage of starvation, the liver is making glucose from non

carbohydrate sources, a process called gluconeogenesis. About 25% 

of the glucose the liver supplies at this stage is from gluconeo

genesis. Substrates for this process are amino acids, lactate, 

pyruvate, and glycerol. In the postabsorptive state, lactate is the 

major precursor, followed by alanine, and to a much lesser degree, 

glycerol and pyruvate. As starvation continues for 3-7 days, glu

coneogenesis increases, and the liver is depleted of glycogen. There 

is increased breakdown of muscle and runino acid mobilization. 

Lipolysis and ketogenesis are accelerated. Insulin levels will have 

begun to decrease on day one of a fast and glucagon will reach its 

peak on day three. When starvation is prolonged, there is a progres

sive decrease in protein breakdown with reduction of gluconeogenesis, 

and an increasing ketone utilization by the body (Felig, 1979). 
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Throughout the above-described process, the goal has been to 

provide the body with fuel so that it may continue to function. At 

the outset, this process uses protein, fat, and carbohydrate reserves. 

If starvation continues, however, the body is unable to survive long 

by using substrates in this manner. Carbohydrate stores are small, 

and protein must be conserved. Therefore, fat, a concentrated source 

of calories, must be used as the major fuel. 

Other demands on the body can be made by illness and/or injury 

beyond the stress of limited dietary intake. Fever, infection, 

trauma, or burns can increase daily basal calorie needs from 20 to 

125 percent and double to triple usual protein requirements (Grant 

and DeHoog, 1985). Balances of the previously discussed hormones 

are important relative to trauma and disease as well as starvation 

(Fe1ig, 1979; Tischler, 1981). Rennie (1985) defined major types of 

catabolic effects as: 1) a rapid increase in protein turnover with 

breakdown greater than synthesis, mainly seen in severe trauma and 

sepsis, and 2) synthesis decreased below breakdown, mainly seen after 

moderate injury or during malnutrition. Thus, even with the body's 

adaptive processes, malnutrition can prevail due to increased needs 

while at the same time having a decreased supply of nutrients due to 

inability to eat. 

Clinical Nutritional Assessment 

During recent years there has been increased interest in 

nutrition, recognizing that significant protein-calorie malnutrition 

both of medical and surgical patients occurs commonly in hospitals 
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(Bistrian et al., 1976). In fact, nutritional state is considered 

to be a crucial area that affects surgical risk (Hardy, 1977). 

Morbidity and mortality rates for nutritionally deprived patients 

are greater than those of patients with normal nutritional status 

(Mughal and Meguid, 1987; Harvey et al., 1981; Hunt, Rowlands, and 

Johnston, 1985; Klidjian et al., 1980; Klidjian et al., 1982). 

Therefore, ongoing identification of patients with compromised 

nutritional status is imperative to provision of appropriate treatment 

in alleviation of this added risk factor. 

The process of nutritional assessment involves the collection 

and interpretation of information concerning dietary intake of an 

individual as well as factors that might affect that intake, and the 

integration of physical and biochemical characteristics which are 

sensitive to nutrient intake. Grant and DeHoog (1985) specifically 

outline the process by which clinical assessment may be done. Major 

areas which they include are: medical history, anthropometry, clin

ical assessment, biochemical assessment, and drug-nutrient inter-

actions. Patient history includes information on medical, social, 

and dietary factors that would affect dietary intake. Anthropometry 

involves measurement of specific body dimensions which are sensitive 

to changes in calorie and protein intake. Body weight, height, and 

certain limb dimensions (to approximate the amount of fat and/or 

muscle) are most often used. However, there is concern that measured 

nutritional parameters do not consistently reflect changes in body 

composition owing to low sensitivity and specificity and therefore 
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should be used only in epidemiological studies (Forse and Shizga1, 

1980). Johnston (1982) also stated that anthropometric measurements 

should be considered directly rather than to estimate whole-body 

composition. 

Clinical assessment is observation of areas of the body for 

physical abnormalities that would indicate a nutritional problem. 

For example, straight, easi1y-p1uckab1e, dyspigmented hair is a sign 

of protein deficiency. Biochemical assessment includes laboratory 

tests of components of blood, urine, and sometimes other tissues. 

Serum a1bwnin and pre albumin are two of the major biochemical indi

cators of the adequacy of protein status. 

Skin tests are functional measures that provide indirect 

information on nutritional status. Chandra (1980) found that nutrient 

deficiencies influence cell-mediated immunity and reported a generally 

depressed memory response to skin tests using ubiquitous recall 

antigens in patients with protein-energy malnutrition. Garre, Boles, 

and Youinou (1987) concur that protein-calorie malnutrition affects 

all immune competent cells adversely. They also found that protein

calorie malnutrition results in functional and numerical impairment 

of lymphocytes. 

Accurate diagnosis of malnutrition can be a long, involved, 

and costly procedure, as might be discerned from discussion of all 

the parameters that might be assessed. Various parameters, there

fore have been grouped to increase precision of this process while 

minimizing the necessary measurements (Buzby et a1., 1980; Harvey 
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et al., 1981; Nazari et al., 1981). In some situations, there is 

insufficient time for lengthy testing, which is why Seltzer et al. 

(1981) developed an "instant" nutritional-assessment technique with 

only two biochemical measurements that could be used for critically

ill patients. Other health-care providers have found that further 

routine simplification of the process provides adequate diagnosis, 

whether it be the clinical evaluation of a physician (Baker et al., 

1982; Detsky et al., 1984) or evaluation of arm circumference by 

minimally-trained health workers (Velzeboer et al., 1983; Velzeboer 

et al., 1983). 

The specific techniques used in measuring nutritional status 

often reflect the conditions under which assessments must be done 

relative to needs of the patient. In a private hospital or clinical 

research unit, where time and expense may be less important than 

thoroughness, a full range of testing may be appropriate. In a com

munity clinic, having limitations on time and expense, basic screening 

with a few parameters may be the only reasonable possibility. 

Muscle Function as Related to Nutritional Status 

Skeletal muscle constitutes the largest organ by weight in 

the body (Daniel, Pratt, and Spargo, 1977; Munro and Crim, 1980). 

Muscle consists mostly of protein, much of which is labile, which 

enables it to act as a regulatory organ to facilitate maintenance of 

homeostasis (Daniel, Pratt, and Spargo, 1977). In fact, it has been 

shown that there is significant release of amino acids from resting 
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forearm muscle in the postabsorptive state and, to a lesser degree, 

in prolonged starvation (Fe1ig et a1., 1970). 

The major fuels used in muscle are glucose, fatty acids, and 

ketone bodies. Resting skeletal muscle uses fatty acids as the major 

fuel, but for burs ts of energy glucose is preferred. About two - thirds 

of the glycogen in the body is stored in muscle and is thus readily 

available to be converted to glucose 6-phosphate for use. With the 

oxidation of glucose and fatty acids, adenosine triphosphate (ATP) 

is formed. Then, with the hydrolysis of ATP, energy is released 

(Stryer, 1981). 

ATP and phosphocreatine stores in muscle are very small and 

can sustain muscle activity for only up to 10 seconds. After that, 

glycogen stores in muscle are used. However, after one to three 

minutes, the end product of anaerobic glycogen breakdown, lactic 

acid, builds up and inhibits muscle filament movement. For longer

term exercise, the oxidation of fatty acids and glucose in cell 

mitochondria provide the important long-term supply of energy (Nieman, 

1986). 

A variety of studies has addressed the relation of muscle 

composition and function to malnutrition. Heymsfe1d et a1. (1982) 

dissected muscle while doing autopsies on bodies exhibiting different 

states of nutriture, and found that muscle composition varied. 

Patients with a history of weight loss due to chronic disease had 

more water and less protein and energy in their muscles than patients 

without such a history. Anthropometric measurements of muscle size 
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could detect 85 to 95% of the protein-energy loss as revealed in 

analysis of finely minced and homogenized muscle tissue. Lewis et 

al. (1986) studied diaphragm muscle in 15 normally-nourished and 12 

nutritionally-deprived (those with one-third of their estimated need 

food consumption) rats. They noted a significant decrease in cross

sectional area of both fast- and slow-twitch muscle fibers (although 

greater loss in fast-twitch) in nutritionally-deprived rats and 

concluded that changes in diaphragm contractile and fatigue measure

ments were a result of malnutrition's effect on muscle fiber cross

sectional area. 

In living human subjects I muscle biopsy has been used to 

study function of skeletal muscle (Edwards, Young, and Wiles, 1980). 

Wiles et al. (1979), found a reduction of myosin ATPase activity in 

hyper-thyroid patients, which was thought to cause increased fatigu

ability of muscle. Fatiguability was measured using the method 

developed by Edwards et al. (1977), which restrained the left hand 

and measured pull at the interphalangeal j oint of the thumb after 

electrical stimulation of the ulnar nerve at the wrist. Thus, the 

method tests involuntary strength of the adductor pollicis muscle. 

It is the study of the adductor pollicis muscle that has been of 

principal interest to investigators of nutritional assessment. 

Lopes et al. (1982) measured function of the adductor pollicis 

muscle in 10 malnourished patients with gastrointestinal disorders 

and in 22 normal subj ects . Malnourished subj ects all had recent 

body-weight loss, had been independently assessed as malnourished, 
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and had normal serum electrolytes and normal acid-base balance. 

They studied 1) percent of maximal force of contraction with elec

trical stimulation at 10, 20, 30, 50 and 100 Hertz (Hz), 2) maximal 

relaxation rate, which is percent force loss per 10 milliseconds 

(ms), 3) endurance, which is percent force loss per 30 seconds (s). 

They found the force of contraction at 10 Hz to be generally higher, 

maximal-relaxation rate to be generally slower, and endurance to be 

generally decreased in malnourished subjects relative to normal 

subjects. They concluded was that if muscle relaxation was prolonged, 

tetanus would be produced at lower frequency of stimulation with 

repeated stimulation. In four of the ten originally malnourished 

patients treated for four weeks with total parenteral nutrition, 

there was a significant improvement in muscle function parameters. 

Russell, Leiter et al. (1983) used similar adductor pollicis 

muscle testing as well as standard nutritional-assessment parameters 

to evaluate six obese subjects. The subjects consumed a 400-calorie 

per day diet for two weeks, then fasted for two weeks, and finally 

had two weeks of refeeding. During diet and fasting, 1500 milliliters 

of water, one multivitamin, and 16 milliequivalents of potassium 

chloride were consumed daily by each subject; potassium was supple

mented as necessary. Body anthropometry (height, weight, mid-arm 

muscle circumference, right wrist diameter, right forearm diameter, 

iliac skinfold thickness [females], pectoral skinfold thickness 

[males], and triceps skinfold thickness), serum albumin, serum trans

ferrin, and creatinine-height index, did not change during the study. 
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They found that after two weeks on the 400-calorie diet, 

subjects' force of contraction at 10 Hz was higher (from a baseline 

of 29.6 ± 1.0% to 49.0 ± 2.8% [mean ± SEM][p < 0.01]) and maximal

relaxation rate was slower (from a baseline of 9.8 ± 0.3% force loss/ 

10 ms to 8.2 ± 0.3% force 10ss/10 ms [mean ± SEM] [p < 0.01]) than 

those of normal subjects. Following two weeks of fasting, these 

effects persisted and fatiguability increased (from a baseline of 

3.9 ± 0.8% force 10ss/30 s to 13.7 ± 3.4% force 10ss/30 s [mean ± 

SEM][p < 0.01]). After two weeks of refeeding, all aspects of muscle 

function had returned to normal. 

Function of the adductor pollicis muscle and standard 

nutritional-assessment parameters have been studied for six anorexia

nervosa patients compared to 22 normal subjects (Russell, Prendergast 

et al., 1983). Initially, the anorexia-nervosa patients had a higher 

force of contraction at 10 Hz, a slower maximal-relaxation rate, and 

an increased muscle fatiguability relative to normal subjects. Still, 

the anorexic subjects had normal serum albumin levels, although there 

was severe depletion of somatic or body-protein stores. After four 

weeks of refeeding, maximal-relaxation rate and muscle fatiguability 

were normal, and within eight weeks all muscle-function parameters 

were normal. At that time, total body nitrogen had increased by 13% 

(19% below predicted normal), while total body potassium had increased 

by 32% and body fat by 46%. The authors concluded that normalization 

of muscle function may be related to muscle electrolytes and intra

cellular water more than to repletion of body nitrogen. 
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Shizga1 et a1. (1986) studied adductor po11icis muscle func

tion of both hands in 21 malnourished and 44 normally-nourished 

patients, and in eight healthy volunteers who starved (consuming 

nothing but water) for 48 hours. Malnutrition was defined as extra

cellular mass being larger than body cell mass, determined by mul

tiple-isotope dilution. The only significant correlation (r of 0.22, 

p < 0.05) found between muscle function and body composition was 

between the ratio of total exchangeable sodium to total exchangeable 

potassium and muscle force at the end of a fatigue period. In the 

starved subjects, however, muscle function became abnormal after 24 

hours without food and deteriorated further after 48 hours. Yet, 

six hours following a normal meal, muscle function had returned to 

normal. The investigators concluded that "the response of the 

adductor po11icis muscle to ulnar nerve stimulation is not an accurate 

measure of nutritional state." 

Jeej eebhoy (1987) in a letter refutes the conclusions of 

Shizga1 et a1. (1986), and states that the data do show a change of 

muscle function dependent on adequacy of nutritional intake. He 

maintains that the non-association of muscle performance with arbi

trary measures of body composition is a question of what is more 

important--change of numbers or clinical function. 

Newham, Tomkins, and Clark (1986) studied 21 obese patients 

on a 450-ca1orie per day diet and measured adductor po11icis muscle 

function on days 1, 7, and 12 of the diet. No significant changes 

in muscle strength or contractile properties were noted even though 
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mean weight loss was 5.7 kilograms at 12 days. Twenty normal and 

three malnourished patients were also studied. The malnourished 

patients had higher forces of contraction at low-frequency stimu

lation, decreased maximal-relaxation rates, and were generally more 

fatiguable than the normal patients. 

Muscle function as related to nutrient intake, surgery, 

sepsis, and long-term administration of steroids, was studied by 

Brough et al. (1986). Subjects were classified as eucaloric (con

suming calories at or above their basal metabolic rate) or hypocaloric 

(consuming calories at a level less than 90% of their basal metabolic 

rate). There were 39 eucaloric controls, 11 healthy hypocaloric con

trols, 74 eucaloric patients, and 12 hypocaloric patients. Adductor 

pollicis muscle stimulated contraction-relaxation characteristics 

were used for both patients and the healthy controls to assess nutri

tional status. For both groups, abnormal muscle fUnction was a result 

of inadequate nutrition. The best combination of sensitivity (87%) 

and specificity (82%) was found by the ratio of force of contraction 

at 10 Hz to that at 20 Hz. Surgery and long-term administration of 

steroids did not affect muscle function. Surgery patients were 

assessed in the recovery room immediately following elective lap

arotomy. Sepsis resulted in abnormal muscle function, but the changes 

were different than for subjects with inadequate intake. With sepsis 

there was a small effect on the ratio of force of contraction and 

the maximal force of contraction compared to the effects of inadequate 

intake. A prospective study with 11 malnourished patients showed 
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that muscle function returned to normal when total parenteral nutri-

tion was provided. The results confirmed that changes in muscle 

function occur before changes in standard methods of nutritional 

assessment and are dependent on energy intake (Brough et a1., 1986). 

Jeejeebhoy (1986), in reviewing much of the research in the 

area of muscle function related to nutrition, proposed the hypothesis 

that decreased food intake causes depression in muscle glycolytic 

enzyme activity, which in turn reduces energy availability during 

muscle contraction. Because there is a limited rate of glycolysis, 

total force and thus high-frequency response of muscle is reduced. 

Slowed relaxation rate may be due to decrease in free energy due to 

an imbalance between the ability to generate ATP via the glycolytic 

pathway and energy needs of muscle contraction; thus, creatine 

phosphate is used. Also, accumulation of calcium and Z-band (pro

teinaceous structural membranes that help align muscle fiber) degene

ration in muscle could explain the lag of muscle-function recovery 

after the start of nutritional support in the severely depleted 

patient. Jeejeebhoy (1986) concluded that adverse functional effects 

of malnutrition on muscle cannot be attributed to decreased lean

body mass, and that the roles of intra-cellular electrolytes and 

calcium need further study. 

Furthermore, Chan et al. (1986) studied adductor pollicis 

muscle measurements of eight malnourished (10% or more weight loss) 

patients before and after 48 hours of intravenous feeding of glucose 



31 

(25 kilocalories per kilogram per 24 hours) and potassium (20 mi11i

equivalents per 500 milliliters of the infusion). Their values were 

compared to measurements of 100 healthy volunteers. Maximum force 

measured at 10 Hz was increased and maximum relaxation rate was slowed 

in patients with malnutrition, but returned to a normal range after 

48 hours of intravenous feeding. Muscle-glycogen content as well as 

respiratory-exchange ratios were measured along with muscle function, 

and were closer to normal range at the end of 48 hours than at the 

start of the study. The authors concluded that a regimen of glucose

electrolyte repletion may be cost effective in preparation of mal

nourished patients for surgery. 

The above review indicates that muscle strength and nutri

tional status are related, although exact mechanisms of the relation 

are not known. Table 2.1 summarizes the clinical studies examined. 

Much of the research in this area has involved the study of involun

tary strength of the adductor po11icis muscle. Muscle strength also 

can be evaluated by voluntary measurement. However, voluntary 

measurement is just that, dependent on the desire and will of the 

subject. With voluntary measurement, relatively simple and inexpen

sive instrumentation is balanced by loss of objectivity of measure-

ment. Yet, the influence of the patient's desire may add to the 

measurement and provide a more comprehensive view of the patient 

than with the involuntary measurement. 



Table 2.1 Summary of Adductor Pollicis Muscle Clinical Studies 

Nutritional Status Muscle Function 
Adequate Malnourished Hand Change with Adequate/ 

Investigators (Number) (Number) Measured Inadequate Intake 

Lopes et al., 1982 22 10 Left8 Yes 

Russell, Leiter 6 (obese) Left8 Yes 
et al., 1983 

Russell, Prendergast 22 6 (anorexia Left8 Yes 
et al., 1983 nervosa) 

Shizgal et al., 1986 52 21 Mean of Yes 
both 

Newham, Tomkins, and 21 (obese) 3 Left8 No in obese. 
Clark, 1986 20 Yes in malnourished. 

Brough et al., 1986 113 23 Right Yes 

Chan et al., 1986 100 8 Left8 Yes ("nourished" with 
glucose and 
electrolytes only) 

8Used technique of Edwards et al. (1977) which measures the left hand. 

Ul 
I'.) 
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The Hand-Grip Dynamometer 

Muscle strength has long been of interest to researchers in 

many disciplines (Hunsicker and Greey, 1957). Therefore, discussion 

of the hand-grip dynamometer here will be divided by profession 

because of the variety of applications it has achieved. Also the 

major types of dynamometers available will be discussed along with 

reliability of dynamometer measurement. 

Types of Dynamometers 

For large-scale measurement studies, two types of adjustable 

hand- grip dynamometers have been used: a device that relies on 

compression of a steel spring to measure hand strength (also called 

the Stoelting dynamometer because a model was made by the Stoelting 

Company), and a sealed-hydraulic system (the one most commonly used 

being the Jamar dynamometer, produced by Asimow Engineering Company). 

Most nutrition and physical-education researchers have used the 

steel-spring dynamometer, whereas physical therapists have used the 

pneumatic model. Both of these dynamometers were tested, and the 

spring-type was chosen as the more appropriate for this study. The 

calibration of the spring-type could be tested by hanging known 

weights from the hand grip while the pneumatic model had to be sent 

to the factory for calibration. The spring- type dynamometer also 

was easy to read because the measurement indicator retained its 

position after measurement. The Jamar dynamometer has a needle on 

its dial which is meant to retain measurement readings, but the needle 

proved inconsistent in staying at the point of measurement or in 
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moving to the measurement point. An added advantage of the spring

type dynamometer was that it is easy to grip with its rubberized 

handle. 

Reliability and Variability of Dynamometer Measurement 

Reliability studies of hand-grip strength measurement have 

shown that a dynamometer must be read to within the nearest half 

kilogram, or reading errors will affect data (Henry, 1959). Error 

variance has also been related to magnitude of the strength score, 

low strength scores having small error variance estimates (Kroll, 

1970). 

Kroll (1962) found that "nonpertinent" factors could interfere 

with reliability of grip-strength measurements. These included 

depletion of energy reserves after several trials, and either a 

learning or training effect with three consecutive days of measure

ment. Psychological motivation has also been studied relative to the 

hand-grip dynamometer. While some i.nvestigators have concluded that 

willingness of the subject could produce variation in measurement, 

there is strong evidence that a simple request for full cooperation 

could elicit just as great consistency in hand-grip measurement as 

more vigorous motivation techniques (Kroll, 1970). 

The total number of subjects being studied also affects 

reliability. Henry (1976) reported that a reliability coefficient 

for 20 to 30 subjects "will not hold up well." A coefficient should 

be based on a sample of 50 or more to assure statistical significance. 
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In two studies, the intra- individual variance of repeated grip 

strength measures taken a week apart was presented. For 74 subjects 

(41 college men and 33 college women), Henry (1959) had a test/retest 

intra-individual standard deviation of 2.36 kilograms for men and 

2.08 kilograms for women. Kroll (1970) had an intra-individual 

standard deviation of 1.94 kilograms for women and 2.80 for men with 

the right hand of 105 subjects (30 males and 75 females) measured. 

Overall intra-individual standard deviation of repeated measures for 

these studies therefore ranged from 1.94 to 2.80 kilograms. 

Physical Education 

For physical education, hand grip has been used as part of a 

battery of tests to evaluate strength of individuals since before 

the turn of the century. Grip strength has been related to several 

physical parameters. Of those, weight, height, size of the hand, 

and mesomorphy were shown to be the most influential in predicting 

hand strength (Everett and Sills, 1952). Grip strength also has 

been found to be significantly related to forearm girth, wrist girth, 

proximal phalanx of the middle finger length, hand width, body weight, 

and height. A single factor alone, however, could not predict hand

grip strength (Bowers, 1961). In another study, grip strength was 

significantly related to weight but not height or age (Pierson and 

O'Connell, 1962). Bowers (1961) also compared scores of adjustable 

and nonadjustable dynamometers and noted that adjustment of the 

dynamometer according to the length of the palm enabled the person 

to have hand-grip scores that were related to length of the hand and 
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middle finger. In an extension of this study, Montoye and Faulkner 

(1964) investigated how to determine optimal setting for the adjust

able Stoelting grip dynamometer. 

A population of school children from Saginaw, Michigan, in 

1964 had grip strength, among other measurements, compared to a 

similar population from the same town whose measurements were taken 

in 1899 (Montpetit, Montoye, and Laeding, 1967). They reported the 

1962-63 children to have greater grip strength by 1-1~ years (5 kilo

grams) when compared to the 1899 sample. The authors thought that 

the larger size of children now caused the difference. In Tecumseh, 

Michigan, 82% of the community was involved in an epidemiological 

study in which many physical measurements were taken, including grip 

strength (Lamphiear and Montoye, 1976; Montoye et a1., 1976). Grip 

and arm-strength data from the Tecumseh study for 6,000 people from 

10 to 59 years old (although the title of the reference states 10 to 

69 years) were published by age and sex (Montoye and Lamphiear, 

1977). A Stoelting adjustable-grip dynamometer was used in the 

study. The grip setting was adjusted per protocol and the higher of 

two measurements of each hand recorded. The right and left hand 

values were then added together for reporting purposes. 

Researchers in physical education have measured hand strength 

to establish a relation between it and other anthropometric measure

ments and to establish norms. They have also evaluated muscle 

hypertrophy and atrophy for the individual who is training or is 
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injured. Likewise, they have observed the atrophy of muscle in aging 

(Pollock, Wilmore, and Fox, 1984). 

Occupational Therapy 

Measurement of strength is important to the occupational 

therapist for evaluation of muscle performance. The grasp dynamometer 

is a tool whereby gains in hand therapy can be measured (Scott and 

Trombley, 1983). Assessment by this method is helpful in evaluating 

the balance of drugs that are appropriate for the patient with 

rheumatoid arthritis (Hart and Huskisson, 1972). It is important, 

however, to use a carefully standardized technique, and a single 

observer measuring at the same time each day to provide comparable 

assessment (Lee et a1., 1974). 

Kellor et al. (1971) used an adjustable Jamar pneumatic 

dynamometer to collect hand-strength data of 250 men and women from 

18 to 84 years of age. The data, presented by sex and age, were 

intended to provide normative guidelines for hand-strength evaluation. 

Standardized measurement technique, however, was not used. 

The position of the wrist (Kraft and Detels, 1972; Pryce, 

1980) and position of the elbow (Salter and Darcus, 1952; Mathiowetz, 

Rennels, and Donahoe, 1985) can affect hand- strength measurement. 

The validity of the norms determined by Kellor et al. (1971) are 

questioned not only because of unstandardized measurement position 

but because subjects were measured using the higher of two grip

strength readings. Mathiowetz et a1. (1984) found the mean of three 

grip-strength measurements to have high test-retest reliability. By 
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using an adjustable Jamar pneumatic dynamometer set at the second

handle position for all subjects placed in a standardized body 

position, and again by calculating the mean of three measurements, 

Mathiowetz et a1. (1985) measured the grip strength of 638 people 

from 20 to 94 years old to establish normative data divided by age 

and sex. 

Gerontology 

Forbes (1976) noted a decrease in lean-body mass with age. 

Muscle area and strength of healthy individuals have been shown to 

be less for older adults than for younger adults, and less at all 

ages for women than for men (Pearson, Bassey, and Bendall, 1985). 

Clinically, hand-grip strength has been used to evaluate elderly 

individuals being admitted to the hospital as well as those living 

in the community (Milne and Maule, 1984; Phillips, 1986). In both 

studies, decreased hand-grip strength was related to an increase in 

mortality rate. 

Hand-Grip Strength and Nutritional Assessment 

Muscle function recently has been studied as an indicator of 

inadequate nutritional intake (Lopes et a1., 1982; Russell et al., 

1983; Brough et a1., 1986). In the clinical setting, use of the 

hand-grip dynamometer is now being explored as part of the nutri

tional-assessment procedure. 

In 1980, K1idjian et al. reported hand-grip dynamometry a~ 

a "useful, rapid and inexpensive screening test for detecting 
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malnutrition." They studied weight/height, weight loss, arm-muscle 

circumference, forearm-muscle circumference, and serum albumin in 225 

patients admitted to the hospital for major abdominal surgery. A 

hand-grip dynamometer was used to evaluate grip strength of the non

dominant arm of 102 of the patients, with the highest of three 

measurements recorded. For these patients, grip strength proved to 

be the most sensitive test, predicting complications in 48 of the 55 

patients (87%) who developed them (p < 0.001). A complication was 

defined as any condition that delayed the period of postoperative 

hospitalization for greater than 14 days or resulted in death. Arm 

muscle circumference and forearm muscle circumference below 90% of 

the standard were also stated to be predictive (p < 0.02 and p < 0.01, 

respectively), but predictive values were not presented. Control 

values for grip strength and forearm muscle circumference were 

obtained from 284 healthy patients seen as day cases or admitted for 

minor surgery. The control-group grip strength values were classified 

by sex only (48.8 ± 7.0 kilograms in men and 34.4 ± 4.7 kilograms in 

women). Mean age of the control patients was 49.1 years. 

In another study, Klidj ian et al. (1982) used the same 

nutritional-assessment parameters plus grip strength to monitor 120 

patients undergoing maj or abdominal surgery. One - fourth of the 

patients who developed complications (p < 0.05) had serum albumin 

less than 35 grams per liter, while nearly half (p < 0.01) had forearm 

muscle circumference and arm muscle circumference less than 85% of 

the standard. Of the patients who developed complications, 90% 
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(p < 0.001) had hand-grip dynamometer measurement less than 85% of 

the standard (40.0 kilograms in men and 27.5 kilograms in women). 

Fleeman et a1. (1983) studied 98 male patients (defining 74 

as well nourished and 24 as malnourished) on the basis of three 

parameters--percent ideal body weight, triceps skinfo1d, and midarm

muscle circumference. Grip strength was recorded as the highest, of 

three measurements with a hand-grip dynamometer using the subject's 

dominant hand. The authors found grip strength to be significantly 

decreased in malnourished patients (p 0.001) but concluded that grip 

strength as a measure of nutritional status is no more efficient or 

accurate than triceps skinfo1d or midarm muscle circumference. 

Hand-grip strength (measured in the same manner as Klidjian 

et a1., 1980), midarm muscle circumference, forearm muscle circum

ference, triceps skinfo1d, percent ideal body weight, serum albumin, 

and percent usual body weight were studied by Hunt et a1. (1985) in 

205 preoperative patients, of whom 28 had postoperative complications 

(urinary-tract infection, wound infection, wound dehiscence, sep

ticemia, upper- respiratory infection, small-bowel obstruction, emboli, 

renal failure, death). Patients with at least one abnormal nutri

tional parameter had a higher incidence of postoperative complications 

than those with no abnormal parameters. Grip strength was the most 

sensitive parameter (capacity for making a correct diagnosis in con

firmed positive cases) at 64%, but forearm muscle circumference and 

percent ideal body weight were the most specific indices (capacity 
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for making a correct diagnosis in confirmed negative cases) at 97% 

each. 

Watters et al. (1985) studied 109 (41 male, 68 female) 

normally-nourished and 26 (22 male, 4 female) malnourished patients. 

Height, weight, midarm and forearm circumferences and skinfolds, and 

grip strength were measured, and forearm muscle circumference and 

midarm muscle circumference were calculated. Hand-grip strength was 

recorded as the highest of three dynamometer readings for each hand. 

Serum albumin, total iron-binding capacity, total lymphocyte count, 

and hemoglobin concentration were also measured. The investigators 

found grip strength to fall with age (r - 0.69 for men; r - 0.57 for 

women), although the cor,relation was significant only for women (p < 

0.05). There was a strong correlation between right and left hand 

grip strength (r - 0.84 for men; r - 0.86 for women) and height (r -

0.78) with right hand-grip strength for women only, but hand-grip 

strength did not correlate well with other indices of nutritional 

status. 

Table 2.2 summarizes data from clinical studies using the 

hand-grip dynamometer. It should be noted that the grip strength 

recorded in all of these was the highest of three measurements. 

Three investigators studied the non-dominant hand, while the dominant 

hand was followed in one study and both hands in another. Outcomes 

also differed. Klidjian et al. (1980, 1983) related grip strength 

to complications. Fleeman et·al. (1983) observed a decrease in grip 

strength with malnourished subjects. Hunt et al. (1985) concluded 



Table 2.2 Summary of Clinical Studies Using the Hand-Grip Dynamometer 

Investigators 

Klidjian et al., 1980 

Klidjian et al., 1983 

Fleeman et al., 1983 

Hunt et al., 1985 

Watters et al., 1985 

Subjects 
(Number) 

102 

120 

98 

205 

135 

Hand Hand-Grip Strength Results 
Measured 

Non-dominant Predicted 87% of complications 
(p < 0.001). 

Non-dominant Predicted 90% of complications. 
(p < 0.001). 

Dominant Grip strength was decreased in 
malnourished subjects (p 0.001). 

Non-dominant Most sensitive parameter, 64%. 

Both Poor correlation of grip strength 
with nutritional status indices. 

All studies recorded the highest of three grip-strength measurements. 

~ 
I'V 
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that grip strength was the most sensitive of the parameters studied. 

And, Watters et al. (1985) found poor correlation of grip strength 

with nutritional status indices. 

Because these studies have approached measurement in different 

ways and results are not in agreement, further investigation is needed 

to clarify the relation between grip strength and nutritional status. 

Reliability of measurements needs to be established, which includes 

use of standardized measurement position and technique. Then, grip

strength measurement should be evaluated in relation to other clinical 

parameters (age, sex, anthropometry). Normative levels for grip

strength measures can at that time be evaluated and established. It 

is also imperative that the relation of hand-grip strength and 

nutritional status be objectively and accurately be studied. 
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CHAPTER 3 

METHODS 

A series of studies was designed to explore the relation 

between hand-grip strength and nutritional status. This was done 

while defining and controlling, as much as possible, variability in 

other factors affecting grip-strength measurement. 

Design of Studies 

Three phases of study were carried out that answer specific 

questions about hand-grip dynamometer measurement. In Phase One, 

the first was a descriptive study, the purpose of which was to observe 

learning effects as well as day-to-day variability with the hand

grip dynamometer over time. The investigator measured the grip 

strength of six subjects (three male and three female) using stand-

ardized equipment, pos i tion, and method. Standardized questions 

were used to identify or measure independent variables. Each subject 

had 10 serial grip-strength measurements of each hand recorded daily 

for five consecutive days, then weekly for the following three weeks. 

Measurement variation of the mean of the first three sequential 

measurements from beginning to end was observed to determine if there 

was improvement of scores over time. 

The second study of Phase One was designed to evaluate poss

ible variation in measurement due to leg position. When a person is 
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ill or recovering from surgery, it is sometimes uncomfortable or 

impossible for him/her to sit in a chair. An alternative can be to 

elevate the head of the bed and to measure grip strength with the 

person "sitting" in bed with legs elevated. Figure 3.1 is a graphic 

view of the two body positions that were compared. Two hand-grip 

measurements were taken of the left hand for six subjects (three male 

and three female) while legs were elevated; these were followed by 

two measurements of the left hand with legs down or dangling in a 

normal sitting position. Then, measurements of the right hand were 

taken, the first two with the legs down, and then two with the legs 

elevated. 

In the beginning of Phase Two, the relations of sex, age, and 

arm anthropometric measurements to grip strength of both hands for 

healthy people prior to elective surgery were explored. Ten sequen

tial grip-strength measurements were recorded for each hand of the 

subj ects before surgery, then two and three days after surgery to 

observe any fatigue effect of surgery on the subjects. Forty-three 

healthy people were measured using the standardized technique devel

oped in the earlier studies. Records of medications and dietary 

intake were kept after surgery. Due to the elective nature of these 

surgeries, minimal narcotic and analgesic drug intervention was 

expected beyond the first day after surgery. 

Phase Three involved a longitudinal study in which the hand

grip strength of one subject was observed during nutritional repletion 

and depletion. The subject had an initial serum albumin measurement 
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Sitting Position, Legs Down 

Sitting Position, Legs Up 

Figure 3.1. Subject position in Phase One, Study Two. 
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of less than 3.5 grams per deciliter, which would indicate previously 

inadequate protein intake. Grip strength was measured as closely as 

possible to laboratory blood draws for serum albumin and prealbumin 

over a period of six months. 

Populations 

The University of Arizona Human Subjects Committee reviewed 

the entire project and had given its approval. The first study of 

Phase One required subjects who could be relied upon for measurement 

for a month. Armory Park Senior Citizen Center in Tucson provided 

such a population. Consent was given by leaders of the center to 

approach individuals about being participants. 

Six healthy volunteers were used in the second study. Each 

subject had grip-strength measurements of each hand recorded with 

legs down in a normal sitting position and legs elevated as if sitting 

in bed. 

In the remaining studies, subjects were inpatients and out

patients at University Medical Center in Tucson. For inpatients, 

the Nursing Department approved the protocol and the investigator 

held training sessions for the nurses of participating units. An 

insert was put into the active nursing records for each participant, 

giving information about the study, and the name and phone number of 

the investigator in case someone concerned with care of the patient 

had questions. A copy of the insert is seen in Appendix A, page 113. 

Subjects meeting initial criteria for the study were found 

by scanning preoperative schedules, nursing records, and clinic 
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appointment books. Upon identification of a possible subject, the 

medical record of the patient was reviewed to verify further subject 

acceptability. The patient's physician was then asked for consent 

to approach the patient. Many physicians gave blanket approval for 

all their patients to be included. However, it was the patient and 

his/her family who made the final decision to participate. 

Collection of Data 

Equipment 

For this study, measurement equipment included: a Preston 

PC S032P® Professional Lightweight Dynamometer (Appendix B, page 124), 

a Lange® skinfold caliper, a small spreading caliper, and a fiberglass 

tape measure. Height and weight were measured on scales available 

in outpatient-surgery and nursing-care units. The dynamometer used 

for this study was calibrated once a week and never had to have 

adjustments made. 

Grip Strength and Anthropometric Measurements 

Positioning of subjects was different in the two major 

populations in which grip strength previously was measured. Montoye 

and Faulkner (1964) had a subject stand, handed the grip dynamometer 

to the subject as if they were shaking hands, and instructed the 

subject to squeeze the dynamometer as hard as possible while holding 

it from his/her body. They established that adjustment of the 

dynamometer according to hand width was advantageous, particularly 
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for subjects with small or large hands. They also published guide

lines for the appropriate setting for specified hand widths (Montoye 

and Faulkner, 1964). 

Mathiowetz et a1. (1984) followed the American Society for 

Hand Therapist (AHST) recommendations in collecting their data. 

They used the second handle position of a Jamar Dynamometer for 

everyone tested. The subject sat in an armless chair with the 

shoulder relaxed, elbow at a 90° angle, and forearm in a neutral 

position. The dynamometer was handed to the subject as though shaking 

hands. Specific commands were then given to encourage the subject 

to squeeze as hard as possible. 

Owing to previously-discussed studies concerning the impor

tance of arm position in taking grip-strength measurements (Kraft 

and Dete1s, 1972; Pryce, 1980; Salter and Darcus, 1952; Mathiowetz, 

Rennel1s, and Donahoe, 1985), and because many subjects of this study 

would be hospitalized and unable to stand at times, it was determined 

that use of the ASHT guidelines including wording for commands was 

preferable. The only alteration from these guidelines was that the 

second setting of a spring-type dynamometer was used instead of the 

pneumatic Jamar dynamometer. 

Anthropometric dimensions were taken in Phase Two of the 

study. Subj ects were measured at Universi ty Medical Center Outpatient 

Surgery Clinic or in the hospital patient room. If a subject was 

wearing clothing with restrictive sleeves, he/she was asked to put 
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on a hospital gown. Otherwise, all subjects were measured while 

wearing light-weight street clothing. 

Generally, height and weight were measured first:, and the 

subject was asked what his/her usual weight was. Then the subject 

was seated in an armless chair. All anthropometric measurements 

were made according to methodology described in the Anthropometric 

Standardization Reference Manual (Lohman et al., 1988) except that 

the subjects were sitting. Right upper and lower arm length were 

measured first and the midpoint of the upper arm was marked lightly 

in ink. Midarm and forearm circumferences were measured, and the 

level of maximum circumference of the forearm was marked on the 

posterior aspect in ink. Elbow and wrist breadth were then measured 

with spreading calipers. Tricep, bicep, and forearm skinfolds were 

measured with the Lange® calipers. Following the right-arm measure

ments, the left arm was measured. Ten serial grip-strength measure

ments were then taken for each hand, and recorded to the nearest 

quarter kilogram. The entire measurement procedure required 

approximately 30 minutes; serial grip strength measurements took 

approximately one and a half minutes for each hand. Every eighth 

subject had all anthropometric measurements repeated to assure 

reliability, as did any subj ect who had an obviously unusual anthropo

metric measurement. 

Recording of Data 

Data were collected by the investigator except for 

three occasions when an assistant was enlisted. Forms, designed 
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specifically to outline major information needing to be learned from 

subjects were used. All forms were reviewed and approved by the 

University of Arizona Human Subjects Committee (Appendix A). 

Before entel'ing the study each subj ect signed two copies of 

a witnessed-consent form appropriate for the phase of the study in 

which he/she was involved. One copy of the consent form was retained 

by the subject; the other was filed in the Department of Family and 

Community Medicine (consent forms used are in Appendix A, pages 114 

to 116). The subject was then asked a group of initial questions 

that were designed to identify variables that might affect the 

subject's ability or desire to squeeze the dynamometer. Question 

one, concerning physical and health-limitations that might affect 

hand strength, was part of the screening in the protocol outlined by 

Mathiowetz et al. (1984). Other questions were relevant to how much 

the subject used his/her hands and generally how healthy or fit he/she 

was. The final question was used to identify the person who might 

be depressed and therefore have less desire to squeeze the dynamo

meter. The features of depression that have been outlined by Kallman 

and Goldstein (1983) were evaluated through question five. The form 

with initial questions is included on page 117 of Appendix A. For

tunately, no subjects had to be eliminated due to depression. Thus, 

all subjects should have been well motivated and responded fully to 

the standard request for full cooperation. 

Following initial questions, a subject provided preliminary 

information outlined on the Data Sheet and was assigned a subject 
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number by which all the records were kept. Anthropometric data were 

also recorded on the Data Sheet (Appendix A, page 118). Grip strength 

measurements were recorded on a separate form (Appendix A, page 119). 

For monitoring laboratory values, intake and output of hos

pitalized subjects, the Total Parenteral Nutrition (TPN) Monitoring 

forms of University Medical Center were reproduced. TPN Monitoring 

Forms One and Two are included in Appendix A, pages 120 and 121. 

Also, a record of daily medication was kept (see Medication Record, 

Appendix A, page 122). 

At the end of measurement of new subjects in Phase Two each 

day, the investigator calculated exact patient age, added upper and 

lower arm lengths to give total arm length, multiplied tricep and 

forearm skinfolds by pi (0.314), then subtracted that value for tri

cep from midarm circumference, and the value for forearm from forearm 

circumference, to give midarm muscle circumference and forearm muscle 

circumference. For subjects in Phase One, Two, and Three, the mean 

of the first three grip strength measurements for each arm was calcu-

lated as they were measured. In Phase Two, the mean of the last 

three sequential measurements for each arm was calculated as well. 

tion. 

Statistical Analysis 

Data in the first study of Phase One were analyzed by inspec

The means of the first three measurements of each hand each 

day for all subjects, were plotted to observe possible change over 

time with learning or conditioning. Paired t-tests were used to 
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analyze the data from the second study. Statistical significance 

was set at p < 0.05 for all analyses. 

Correlation coefficients and regression analysis were employed 

in Phase Two using SPSS-X on a VAX computer and SPSS-PC on an IBM 

microcomputer to determine the relation of right and left hand-grip 

strength to age, sex, and anthropometric variables of presurgery 

subjects. Repeated measures analysis of variance, within the BMDP-85 

statistical package analyzed on the IBM 4381 computer and the VAX 

computer was used to observe not only the relation of pre- and post

surgery grip-strength measurements, but also change in the slope of 

the line of relation for the ten sequential measurements before and 

after surgery. Before, two and three day after surgery grip-strength 

measurements of the arm not having an intravenous line were compared 

with repeated measures analysis of variance and t-tests. Stepwise 

mUltiple regression analysis was used to predict before surgery grip 

strength using two and three day after surgery measurements and 

anthropometric parameters. Comparisons were made pre- and postsurgery 

by viewing measurements as a percent of the Montoye and Lamphiear 

(1977) and Mathiowetz et a1. (1985) norms for appropriate age and 

sex. Also, repeated measures analysis was used to observe the change 

in grip strength relative to the type of surgery. This analysis 

included only subjects for which three or more subjects had a similar 

type of surgery. 
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Phase Three data were graphed to relate grip strength of one 

arm to grip strength of the other arm, as well as to serum albumin 

and prealbumin. 
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CHAPTER 4 

RESULTS 

Results are reported in sequence for the various phases of the 

project. Within each phase, data analyses are grouped according to 

the questions and sub-questions studied. 

Phase One 

The first questions addressed were whether there is a learning 

or training effect, and what is the magnitude of day-to-day vari

ability that might be observed when grip-strength measurements are 

repeated over a period of time. Figure 4.1 shows the distribution 

of the means of three grip-strength measurements for each hand of 

six right-handed subjects (aged 16 to 86 years), four of whom were 

measured daily for five days, then weekly for three weeks or eight 

measurements and two for whom only seven measurements were possible. 

In Table 4.1, the mean grip- strength measurement for each hand of 

every subject on the first and last day of the study is listed as 

well as the overall individual mean, standard deviation, and coeffi-

cient of variation (standard deviation/mean X 100). For most 

subjects, strength was lower, and variability in measurement was 

greater for the left or non-dominant hand. 

From the first to the last day of the study, there was no 

consistent trend upward or downward, as was verified by repeated 
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Table 4.1 Hand-Grip Strength (Mean of Three Measures), in Kilograms, of the First Day, Last 
Day, and Overall for Five Daily and Three Weekly Measures in 22 Days8 

Subject Mean First Day Mean Last Day Overall 
Mean ± Standard Deviation 

(Coefficient of Variation, Percent) 

Right Left Right Left Right Left 
Hand Hand Hand Hand Hand Hand 

1 18.33 13.00 18.25 7.83 18.12 ± 0.84 (4.64) 8.54 ± 1.90 (22.25) 

2 22.50 17 .83 27.00 18.83 23.70 ± 1. 77 (7.47) 19.89 ± 1.54 (7.74) 

3 20.17 19.50 16.08 19.50 18.70 ± 2.48 (13.26) 19.19 ± 1.15 (5.99) 

4 21.50 17.50 12.00 9.50 16.34 ± 2.73 (16.71) 13.20 ± 2.44 (18.48) 

5 27.67 24.50 30.33 26.67 30.24 ± 1.87 (6.18) 27.02 ± 1.92 (7.11) 

6 27.17 26.00 23.83 20.83 25.59 ± 2.16 (8.44) 24.76 ± 2.69 (10.86) 

Mean 22.89 19.72 21.25 17.19 22.12 ± 1.98 (9.45) 18.77 ± 1.94 (12.07) 

6 right-handed subjects (3 male, 3 female) 

aSubject 2 had 4 daily measures, subject 6 had 2 weekly measures V1 
.....s 
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measures analysis of variance which showed no significant measurement 

change over time. The mean of the preceding and following measures 

for a subject was used in place of missing data. Although there was 

day-to-day variation in hand-grip strength, there was not the gradual 

increase that would be associated with training or learning. 

The second study in this phase was designed to detect any 

difference in grip-strength measurement when leg position was changed 

from a sitting position with feet on the floor to a position with 

legs elevated. This was done to facilitate measurement of subjects 

who were confined to bed in later phases of the project and to have 

some understanding of the effect of leg position change on the 

measurement. Table 4.2 shows data for another gro\.l;p of six right

handed subjects (aged 14 to 47 years) in four measurement positions. 

There were no statistically significant differences in measurement 

due to leg position. 

Phase Two 

Table 4.3 shows pre-surgery grip strength, age, sex, and arm 

anthropometry of 43 healthy subjects, aged 23 to 87 years. All were 

right-handed except for three left-handed females. Correlation 

coefficients between hand-grip strength and age and anthropometric 

variables are shown in Table 4.4. Left and right hand-grip strength 

were strongly correlated (r - 0.94, p < 0.001). Among the anthropo

metric variables, height had the highest correlation with strength 

(r - 0.82, and 0.79 for left and right hands of subjects, p < 0.001). 

Arm-length and forearm-muscle circumference were significantly 
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Table 4.2 Hand-Grip Strength (Mean of Three Measures), in Kilograms, 
with Varied Leg Position 

Left Hand Right Hand 
Legs Up Legs Down Legs Down Legs Up 

Mean 31.88 29.79 36.19 35.77 

Standard 
Deviation 8.45 9.55 12.70 14.13 

Minimum 21.25 16.88 19.38 18.38 

Maximum 46.38 44.12 51.25 51.38 

6 right-handed subjects (3 male, 3 female). 

No t-test was significant with these data. 



Table 4.3 Age, Anthropometry, and Grip Strength (Mean of Three Measures) of Subjects Before 
Elective Surgery 

Standard 
Variable Mean Deviation Minimum Maximum 

Age, years 50.86 18.99 23.00 87.00 
Weight, kilograms 77 .97 17 .32 49.60 116.82 
Height, centimeters 168.28 10.33 154.30 194.31 
Right upper arm length, centimeters 34.77 2.40 31.10 39.80 
Left upper arm length, centimeters 34.52 2.74 29.80 40.40 
Right forearm length, centimeters 26.60 2.41 22.00 34.00 
Left forearm length, centimeters 26.32 2.31 22.80 32.60 
Right total arm length, centimeters 61.37 4.47 53.10 73.20 
Left total arm length, centimeters 60.85 4.77 53.50 73.00 
Right midarm circumference, centimeters 32.21 4.57 24.50 43.70 
Left midarm circumference, centimeters 32.06 4.48 23.80 44.30 
Right midarm muscle 

circumference, centimeters 25.17 3.18 20.76 30.98 
Left midarm muscle 

circumference, centimeters 25.77 3.36 20.19 33.78 
Right forearm circumference, centimeters 26.68 2.92 20.20 33.00 
Left forearm circumference, centimeters 26.34 2.83 20.20 31.80 
Right forearm muscle 

circumference, centimeters 24.40 2.63 19.42 30.64 
Left forearm muscle 

circumference, centimeters 24.06 2.65 19.26 29.24 

0\ 
0 



Table 4.3 (cont.) 

Variable Mean 

Right elbow breadth, millimeters 66.51 
Left elbow breadth, millimeters 65.98 
Right wrist breadth, millimeters 54.34 
Left wrist breadth, millimeters 53.04 
Right tricep skinfold, millimeters 22.40 
Left tricep skinfold, millimeters 20.02 
Right bicep skinfold, millimeters 12.04 
Left bicep skinfold, millimeters 13.64 
Right forearm skinfold, millimeters 1.28 
Left forearm skinfold, millimeters 1.28 
Right mean grip strength, kilograms 29.30 
Left mean grip strength, kilograms 21.93 

N - 43 subjects (16 male, 21 female) 

Standard 
Deviation 

8.98 
8.18 
1.56 
1.57 
9.60 
8.20 
7.46 
8.91 
4.45 
3.80 
9.04 

10.64 

Minimum 

41.00 
38.00 
29.00 
28.00 
1.50 
6.00 
3.00 
3.00 
2.50 
3.00 

10.75 
8.67 

Maximum 

82.00 
83.00 
61.00 
67.00 
41.00 
35.00 
35.00 
42.00 
24.00 
21.50 
55.17 
60.00 

0\ ..... 
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Table 4.4 Correlations of Right and Left Hand-Grip Strength (Mean 
of Three Measures) with Age, Sex, and Anthropometric 
Measurements 

Variable Correlation Coefficient (r) 

Age 
Sex (male - 0, female - 1) 
Dominant hand (left - 0, right - 1) 
Height 
Right forearm length 
Left forearm length 
Left total arm length 
Right total arm length 
Right forearm-muscle circumference 
Left upper arm length 
Left forearm-muscle circumference 
Right forearm circumference 
Left midarm-muscle circumference 
Left forearm circumference 
Right midarm-muscle circumference 
Left elbow breadth 
Right upper arm length 
Weight 
Right elbow breadth 
Right wrist breadth 
Left wrist breadth 
Right midarm circumference 
Left midarm circumference 
Left tricep skinfold 
Right bicep skinfold 
Right tricep skinfold 
Left bicep skinfold 
Right forearm skinfold 
Left forearm skinfold 

43 subjects (16 male, 27 female) 

lip ~ 0.001 

b p :S 0.005 

Right Hand Left Hand 

-0.14 
-0.6611 
0.23 
0.7911 
0.7211 
0.6811 
0.6711 
0.6611 
0.6611 
0.5911 
0.5811 
0.578 
0.518 

0.5111 
0.5011 
0.5011 
0.49 11 
0.488 
0.45b 

0.44b 

0.42b 
0.26 
0.26 

-0.21 
-0.18 
-0.14 
-0.13 
-0.05 
-0.05 

-0.11 
-0.6911 
0.23 
0.828 
0.808 
0.7711 
0.748 

0.7311 

0.7011 
0.65 11 
0.6711 
0.6111 
0.5411 
0.5811 

0.5611 
0.5611 
0.56 11 
0.4811 
0.5111 
0.4911 
0.46b 

0.29 
0.27 

-0.22 
-0.20 
-0.16 
-0.17 
-0.05 
-0.10 
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correlated to hand-grip strength but more so to the left than the 

right hand. Skinfolds, which are a measure of fat stores had no 

significant relation to grip strength. The observation that men are 

generally stronger than women appears to agree with height, long 

bone, and muscle circumference relations to hand-grip strength because 

men are usually taller and more muscular than women. A dummy variable 

representing dominant hand showed no significant relation to hand-grip 

strength. It would seem likely that the high correlation between 

grip strength of left and right hand is the reason that hand dominance 

was not significantly correlated to hand-grip strength. 

Multiple regression was used to explore the prediction of 

grip-strength from variables that could be available in a clinical 

setting. Since strength of the left hand was more highly correlated 

with anthropometric measurements than right hand-grip strength, left 

hand strength was used as the dependent variable in subsequent 

analysis. Results are shown in Table 4.5. Using age, sex, and height 

to predict left hand-grip strength, the R2 is 0.77. Addition of 

right hand-grip strength measurement as an independent variable 

increases the percent of variance explained to 0.90. The R2 drops 

from 0.90 to 0.78 when right hand-grip strength is removed from the 

equation. In reality, right hand-grip strength is not likely to 

have been measured if left hand-grip strength was not. If forearm 

muscle circumference is added to the basic equation, R2 is not 

changed. Models using left forearm or total arm length in place of 

height (Table 4.6) gave slightly poor predictability (R2 - 0.73). 



64 

Table 4. 5 Stepwise Multiple Regression Models in Predicting 
Left Hand-Grip Strength in Healthy Individuals Using 
Combinations of Height, Age, Sex, Right Hand-Grip Strength, 
Left Forearm-Muscle Circumference 

Predictor Variable 

Height, centimeters 0.58 0.57 
Age, years -0.18 -0.33 
Sex (male - 0, female - 1) -8.58 -0.39 
Constant -55.47 

Multiple R - 0.88, R2 - 0. 77, SEE-= 5.23 
F - 44.85, p < 0.001 

Right hand-grip 
strength, kilograms 0.79 0.68 

Age, years -0.05 -0.09 
Sex (male = 0, female = 1) -2.64 -0.12 
Height, centimeters 0.21 0 . 21 
Constant -28 .11 

Multiple R - 0 . 95, R2 - 0.90, SEE - 3.50 
F - 87.25, p < 0.001 

Left forearm-muscle 
circumference, centimeters 0.43 0.11 

Age, years -0.17 -0.30 
Height, centimeters 0.55 0.53 
Sex (male== 0, female .... 1) -7.51 -0.34 
Constant -61.07 

Multiple R-= 0.88, R2 - 0.78, SEE= 5.23 
F = 33.89, p < 0.001 

8 unstandardized partial regression coefficient 

bstandardized partial regression coefficient 

F 

22.82 
14.51 

9.50 
5.91 

48.96 
1. 73 
1. 66 
4.90 
3.18 

1. 0 
11. 70 
18.47 

6.34 
6.75 

Significance 
of F 

< 0.001 
< 0.001 
< 0.01 
< 0.05 

< 0.001 
n.s. 
n.s . 

< 0.05 
n.s. 

n.s. 
< 0.005 
< 0.001 
< 0.05 
< 0.05 
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Table 4. 6 Stepwise Multiple Regression Models in Predicting Left 
Hand-Grip Strength in Healthy Individuals Using 
Combinations of Age, Sex, Left Forearm Length, Left 
Total Arm Length 

Predictor Variable 

Left forearm length, 
centimeters 

Age, years 
Sex (male - 0, female ""' 1) 
Constant 

R 0.85, R2 - 0. 73, 
F .... 35.31, p < 0.001 

Left total arm length 
centimeters 

Age, years 

SEE ... 

Sex (male - 0, female - 1) 
Constant 

13a 

2.09 
-0.21 

-10.70 
9.98 

5. 72 

0.97 
-0.22 

-11.48 
-12.74 

R 0.86, R2 = 0.73, SEE - 5.70 
F - 35.66, p < 0.001 

Be tab 

0.45 
-0.37 
-0.49 

0.44 
-0.39 
-0.53 

8 unstandardized partial regression coefficient 

hstandardized partial regression coefficient 

F 

12.62 
15.55 
12.74 

0.31 

12.99 
18.65 
16.66 
0.48 

Significance 
of F 

0.001 
< 0.001 

0.001 
n.s. 

< 0.001 
< 0.001 
< 0.001 

n.s. 
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Effect of Surgery 

Hand-grip strength of 41 of the 43 healthy subjects was 

measured, two and three days after elective surgery. The post-surgery 

data on two subjects were not used because both had an intravenous 

line in each of their arms due to problems in maintaining a site. 

This decreased the usable number of subjects from 41 to 39 (all right

handed except for three left-handed females). Every subject except 

one had an intravenous line during surgery and for a period of time 

following surgery. Because of line position, some subjects could 

not have the grip strength of both hands measured after surgery, 

although 32 subjects (including two left-handed females) did have 

measurements on both hands. 

For the 39 subjects di.scussed above, hand-grip strength of 

the arm not having an intravenous line was used in the analyses which 

follow. For 21, this was the dominant arm, and for 18 it was the 

non-dominant arm. For the subject w:l.th no intravenous line, data 

from her dominant hand were used. Table 4.7 shows hand-grip strength 

before, two and three days after surgery. Before-surgery data were 

collected anywhere from an hour before surgery to several weeks in 

advance. 

The mean grip-strength was highest before surgery, and the 

variability was the lowest at this time. Grip strength dropped 

significantly two days after surgery but recovered at three days 

after surgery to a level not significantly different from the before

surgery value while variability increased at two days after surgery 
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Table 4.7 Hand-Grip Strength (Mean of Three Measures), in Kilograms, 
for Both Hands of Subjects Before, Two and Three Days 
After Surgery8 

Two Days Three Days 
Before Surgery After Surgery After Surgery 

Mean 28.61 26.38b 27.18 

Standard 
Deviation 10.38 11.57 12.62 

Minimum 8.67 6.92 8.67 

Maximum 56.42 56.50 63.42 

3~ subjects (14 male, 25 female) 

8Repeated measures analysis of variance, F - 5.40, P 0.006. 

bDifferent from before surgery (t - 3.47, p < 0.001). 
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and continued to increase at three days after surgery. The mean of 

intra- individual hand- grip strength measures was 27.38 kilograms, 

standard deviation of 2.23 kilograms, and coefficient of variation 

at 9.48%. 

To investigate whether pre-surgery hand-grip strength could 

be predicted from post-surgery measurements, a multiple regression 

analysis was used (Table 4.8). The R2 was sufficiently high that 

pre-surgery hand-grip strength could be estimated from measurements 

taken two or three days after surgery, accounting for 89 percent of 

the variance. R2 was not different whether hand-grip strength 

measures from two or three days after surgery were used. However, 

note the increased significance of which hand was measured in the 

prediction at three days after surgery. There was a significant 

difference in strength between dominant and non-dominant hand three 

days after surgery, while at two days, right and left hand-grip 

strength had not been significantly different. 

When hand-grip strength before, two and three days after 

surgery was analyzed separately for dominant and non-dominant hand 

(Table 4.9), a somewhat different trend was seen than when data from 

both hands were grouped together. The mean grip-strength measurement 

for the dominant hand was not significantly different two or three 

days after surgery from before-surgery measures, although a slight 

downward trend was noted. In the non-dominant hand, grip strength 

decreased significantly from. before to two days after surgery and 

then recovered again significantly to presurgery levels by the third 
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Table 4. 8 Stepwise Multiple Regression Models in Predicting Hand-Grip 
Strength Before Surgery Using After Surgery Hand-Grip 
Strength Measurements, Age, Hand Dominance and Sex 

Predictor Variable 

Grip strength two days 
after surgery, kilograms 

Age, years 
Hand measured (nondominant 

- 0, dominant - 1) 
Sex (male - 0, female ""' 1) 
Constant 

Multiple R 0.94, R2 ... 0.89, 
F 69.91, p < 0.001 

Grip strength three days 
after surgery, kilograms 

Age, years 
Hand measured (nondominant 

- 0, dominant= 1) 
Sex (male - 0, female - 1) 
Constant 

0.81 0.90 
0.03 0.06 

1.09 0.05 
-1.25 -0.06 
5.76 

SEE= 3.61 

0.65 0.79 
-0.02 -0.04 

3.11 0.15 
-3.24 -0.15 
12.46 

Multiple R 0.94, R2 - 0.89, SEE - 3.58 
F - 71.26, p < 0.001 

8 unstandardized partial regression coefficient 

hstandardized partial regression coefficient 

F 

86.91 
0.59 

0. 71 
0.36 
1.24 

88.98 
0.33 

6.42 
2.92 
7.63 

Significance 
of F 

< 0.001 
n.s. 

n.s. 
n . s. 
n.s. 

< 0.001 
n.s. 

< 0.05 
n.s. 

< 0.05 
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Table 4. 9 Hand-Grip Strength Before, Two and Three Days After Surgery 
by Dominant and Non-dominant Hand with and without Left
Handed Subjects, Including Age and Number of Subjects by 
Hand Measured 

With Left- Without Left-
Handed Subjects Handed Subjects 

Non- Non-
Dominant Dominant Dominant Dominant 

Hand Hand8 Hand Han db 
(N ""' 21) (N - 18) (N - 20) (N - 16) 

Mean before-surgery 
hand-grip strength, 
kilograms 32.18 24.45 32.83 24.80 

Standard deviation 9.33 10.23 9.08 10.72 

Mean two-days-after-
surgery hand-grip 
strength, kilograms 30.34 21. 77c 30.75 21. 97 9 

Standard deviation 11. 73 9.76 11.86 10.26 

Mean three-days-after-
surgery hand-grip 
strength, kilograms 30.16 23.70d 31. 23 24 .16f 

Standard deviation 12.66 11. 99 11. 97 12.56 

Mean age, years 46.29 57.17 47.10 57.44 
Standard deviation 18.01 20.35 18.08 18.45 

8 Repeated measures analysis of variance, F 5.83, p 0.007 

bRepeated measures analysis of variance, F 5.36, p 0.01 

c Different from before surgery (t-= 5.02, p < 0.001) 

dDifferent from two days after surgery (t .... -2.35, p < 0.05) 

9 Different from before surgery (t = 4.74, p < 0.001) 

fDifferent from two days after surgery (t = -2.41, p < 0.05) 
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Data were analyzed with and without the left-

handed subjects to ascertain if they might be influencing results in 

some way. Analysis showed no significant difference in results if 

left-handed subjects were omitted. Therefore, all further discussion 

of these data will include left-handed subj ects. The intra- individual 

mean of these subjects' grip-strength measures was 30.89 kilograms 

for the dominant hand (standard deviation 2.49 kilograms) and 23.29 

kilograms for the non-dominant hand (standard deviation 1.92 kilo

grams). Therefore, the mean coefficient of variation for the dominant 

hand was 9.38% and for the non-dominant hand 9.60%. 

Paired t- tests for data before, two and three days after 

surgery, but divided by hand-dominance, showed a significant dif

ference before and two days after surgery as well as between two and 

three days after surgery for the non-dominant hand only. Thus, 

although both hands showed changes in grip strength, it was only the 

non-dominant hand that displayed significant levels of change. 

Study Population Related to Normative Data 

Pre- and post-surgery hand-grip strength data from the present 

study were plotted in relation to the normative data of Mathiowetz 

et al. (1985) and Montoye and Lamphiear (1977). Methods of measure

ment for this study conformed to Mathiowetz et al.' s protocol; 

however, data could be modified from this study to fit Montoye 

and Lamphiear specifications. Mathiowetz et a1. used the mean of 

three grip-strength measurements of each hand for individual hand 

evaluation. Montoye and Lamphiear recorded the higher of the two 
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grip-strength measurements for each hand and added them together to 

evaluate both hands together. Both sets of normative data are 

age- and sex-specific. To compare data from the present study, a Z 

score (Z - study mean minus normative mean/normative standard 

deviation) was calculated for each subject in relation to each 

normative standard. 

All 43 subjects were plotted against the Mathiowetz et al. 

reference population, but because of age constraints only 26 of the 

43 were compared with relation to the Montoye and Lamphiear norms 

(Figure 4.2). The present study population was at or within two 

standard deviations of both sets of normative data except for the 

left hand measurement of two subjects compared to the Mathiowetz et 

al. norms. The mean of the present study population was slightly 

lower than that of the Mathiowetz's population (-0.6 standard 

deviation for the right hand and -0.3 for the left), and almost 

identical to the population of Montoye and Lamphiear. 

Comparative differences seen from normative data to the study 

population could be due to the difference in sample size of the 

normative data. Mathiowetz et al. (1985) observed the hand-grip 

strength of 638 volunteers at shopping centers, fairs, senior citizen 

centers, staff at a rehabilitation center, and a university. Montoye 

and Lamphiear (1977) measured the hand-grip strength of 6,000 people 

who constituted 82 percent of a whole community. Therefore, the 

Montoye and Lamphiear data are more representative of a general 

population. However, in a clinical setting, Montoye and Lamphiear 
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Figure 4.2. Comparison of initial study population measurements to 
published normative data by Z-scores 

Comparison to Mathiowetz et a1.: 43 subjects (16 male, 27 female) 
Montoye and Lamphiear: 26 subjects (5 male, 21 female) 
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data are limiting because the age range of the reference population 

is 10 to 59 years of age (Mathiowetz et al. data age span is 20 to 

75+ years), and both hands must be measured to assess hand-grip 

strength. 

Figure 4.3 shows Z scores in relation to each reference 

population for the subjects of the present study before, two and 

three days after surgery. Only 19 of the 32 subjects with complete 

two-handed grip-strength measurements are included because of age 

constraints of the Montoye and Lamphiear norms. This portion of the 

present study population fell lower on Mathiowetz et al. norms than 

the entire study population did. The greater decrease in grip 

strength for the left hand (0.4 standard deviation) compared to the 

right (0.2 standard deviation) from before to two days after surgery 

is evident. 

Sequential Measurements to Assess Tiring 

To address the question of whether there was a difference in 

tiring before and after surgery, sequential grip-strength measure-

ments were examined. Repeated measures analysis of variance was 

used to examine 10 hand-grip strength measurements taken seconds 

apart of each hand before, two and three days after surgery. The 

mean of the first three of these 10 sequential measurements is the 

hand-grip measurement that has been analyzed in the previous section. 

Figure 4.4 and Table 4.10 show the pattern of sequential 

measurements for each condition (before, two and three days after 

surgery) . There was a significant main effect of sequence with a 
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Figure 4.4. Means of right and left hand sequential grip-strength 
measurements before, two and three days after surgery 
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Table 4.10 Effect of Sequence on Repeated Measures of Grip Strength 
Relative to Sex 

Parameter 

Main effect: 
Sequence 
Sequence x Sex 
Error 

Linear effect: 
Sequence 
Sequence x Sex 
Error 

Quadratic effect: 
Sequence 
Sequence x Sex 
Error 

Degrees of Sum of 
Freedom Squares 

9 
9 

270 

1 
1 

30 

1 
1 

30 

1439.88 
27.49 

1359.64 

1337.14 
0.12 

621.22 

93.38 
5.99 

276.42 

Mean 
Square 

159.99 
3.05 
5.03 

1337.14 
0.12 

20.71 

93.38 
5.99 
9.21 

F p 

31. 77 < 0.001 
0.61 n.s. 

64.57 < 0.001 
0.01 n.s. 

10.13 < 0.005 
0.65 n.s. 



78 

decrease in force over the 10 trials, plateauing somewhat toward the 

end of the sequence. There was not significant interaction with 

sex. On the second day after surgery, the curve of sequential 

measurements was more curvilinear than in the other two conditions. 

Repeated measures analysis verified the influence of condition in 

the linear effect as well as in the quadratic (Table 4.11). Inter

action of condition with hand, sequence, or sequence and sex was not 

significant. 

The effect of hand in repeated measures analysis is shown in 

Table 4.12. The main effect of hand measured was significant, as 

was an interaction with sequence. This effect further interacted 

with sex and condition. In Figure 4.5, the means of the sequential 

grip-strength measurements before, two and three days after surgery 

are graphed for each hand. The difference in sequential measurements 

for each hand as well as the change in measurements due to surgery 

(condition) are readily observed. 

Left hand measurements were initially lower than right, and 

slope of the curve indicates that the left hand tired more quickly. 

Two days following surgery, the initial grip-strength measurements 

of both hands decreased, and the curve of sequential measurements 

was less linear. Three days after surgery, initial strength of both 

hands had increased from two days after surgery, and the sequential 

measurements took on a more linear appearance. However, throughout 

there was a distinct difference between measures of the right and 

left hand. 
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Table 4.11 Effect of Surgery and Recovery on Sequential Grip Strength 
Measures Relative to Hand Measured, Sequence, and Sex 

Degrees of 
Parameter Freedom 

Main effec t : 
Condition8 2 
Condition x Hand 2 
Error 60 

Linear effec t: b 
Condition 
Condition x Hand 
Error 

Quadratic effect:c 
Condition 
Condition x Hand 
Error 

1 
1 

30 

1 
1 

30 

Condition x Sequence 18 
Condition x 

Sequence x Sex 18 
Error 540 

Sum of 
Squares 

1284.82 
534.25 

7859.85 

405.05 
516.04 

4989.61 

879.77 
18.21 

2870.24 

78.78 

36.79 
1568.53 

Mean 
Square 

642.41 
267.12 
131.00 

405.05 
516.04 
166.32 

879.77 
18.21 
95.67 

4.38 

2.04 
2.90 

F 

4.90 
2.04 

2.74 
3.10 

9.20 
0.19 

1. 51 

0.70 

p 

< 0.05 
n.s. 

n.s. 
n.s. 

0.005 
n.s. 

n.s 

n.s 

8Refers to time of measurement-before, two, or three days after 
surgery. 

bBefore versus after surgery 

CTwo days after surgery versus before and three days after surgery 
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Table 4.12 Effect of Hand Measured (Right or Left) on Sequential 
Grip Strength Measures Relative to Sex, Sequence, and 
Condition (Effect of Surgery and Recovery) 

Degrees of Sum of 
Parameter Freedom Squares 

Main effect: 
Hand 1 2232.30 
Hand X Sex 
Error 

1 0.53 
30 2393.75 

Linear effect: 
Hand x Sequence 1 
Hand x Sequence X Sex 1 
Error 30 

Quadratic effect: 
Hand x Sequence 1 
Hand X Sequence X Sex 1 
Error 30 

Conditione X 
Sequence X Hand 18 

Condition X Sequence X 
Hand X Sex 18 

Error 540 

80.95 
59.76 

290.46 

17.64 
25.31 

123.70 

87.33 

98.36 
1445.03 

Mean 
Square 

2232.30 
0.53 

79.79 

80.95 
59.76 

9.68 

17.64 
25.31 
4.12 

4.85 

5.46 
2.68 

F 

27.98 
0.01 

8.36 
6.17 

4.28 
6.14 

p 

< 0.001 
n.s. 

< 0.01 
< 0.05 

< 0.05 
< 0.05 

1.81 < 0.05 

2.04 < 0.01 

eRefers to time of measurement-before, two or three days after surgery 
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Finally, possible effects of the kind of surgery were 

explored. Table 4.13 describes the subjects by type of surgery. 

Note that the two types of hysterectomies were grouped separately, 

due to the presumed greater physiological impact of an abdominal 

operation. Total knee replacement and knee arthroscopy were grouped 

together because they are similar in location and invasiveness. Two 

of the types of surgery are sex-specific (transurethral resection of 

the prostate and hysterectomy). The cholecystectomy group had five 

women and two men; knee surgery had two women and three men. The 

transurethral resection of the prostate group was the oldest (mean 

age 68.7 years). The knee surgery classification had a mixture of 

older women (mean age 74.5 years) and younger men (mean age 43.3 

years), while the cholecystectomy group was the opposite (mean age 

of women 38.2 years and men 55 years). 

Figures 4.6 through 4.11 show the sequential grip-strength 

measurements for each hand of the subj ects in the above surgical 

groups before, two and three days after surgery. The prominent 

observation is that the groups with a high percentage of men have 

greater grip strength. As the number of men in the group decreases 

and number of women increases, grip strength scores decrease. The 

difference in curves of the right and left hands, and the change 

from before to two and three days after surgery can also be seen. 

Observing the left hand in particular, one notes a sharp drop and 

then increase in grip-strength measurement from trial five to trial 

seven before surgery for knee and vaginal hysterectomy subjects. A 
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Table 4.13 Number, Age, and Sex of Subjects by Type of Surgical 
Procedure 

Surgery 

Cholecystectomy 

Transurethral 
resection of the 
prostate 

Total abdominal 
hysterectomy 

Total knee 
replacement or 
knee arthroscopy 

Vaginal 
hysterectomy 

Total Subjects 
Mean Age 

Number (years) 

7 43.0 

7 68.7 

5 47.8 

5 55.8 

3 49.7 

Females 
Mean Age 

Number (years) 

5 38.2 

5 47.8 

2 74.5 

3 49.7 

Males 
Mean Age 

Number (years) 

2 55.0 

7 68.7 

3 43.3 
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Figure 4.6. Means of sequential right hand-grip strength measurements 
before surgery, by type of surgery 

27 subj ects (12 male, 15 female): 5 total abdominal hysterectomy, 
7 cholecystectomy, 5 total knee replacement or arthroscopy, 7 trans
urethera1 resection of the prostate, 3 vaginal hysterectomy 
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Figure 4.7. Means of sequential right hand-grip strength measurements 
two days after surgery, by type of surgery 

27 subj ec ts (12 male, 15 female): 5 total abdominal hysterec tomy, 
7 cholecystectomy, 5 total knee replacement or arthroscopy, 7 trans
urethera1 resection of the prostate, 3 vaginal hysterectomy 
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Figure 4.8. Means of sequential right hand-grip strength measurements 
three days after surgery, by type of surgery 

27 subjects (12 male, 15 female): 5 total abdominal hysterectomy, 
7 cholecystectomy, 5 total knee replacement or arthroscopy, 7 trans
uretheral resection of the prostate, 3 vaginal hysterectomy 
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Figure 4.9. Means of sequential left hand·grip strength measurements 
before surgery, by type of surgery 

27 subjects (12 male, 15 female): 5 total abdominal hysterectomy, 
7 cholecystectomy, 5 total knee replacement or arthroscopy, 7 trans· 
urethera1 resection of the prostate, 3 vaginal hysterectomy 
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Figure 4.10. Means of sequential left hand- grip strength measurements 
two days after surgery, by type of surgery 

27 subjects (12 male, 15 female): 5 total abdominal hysterectomy, 
7 cholecystectomy, 5 total knee replacement or arthroscopy, 7 trans
urethera1 resection of the prostate, 3 vaginal hysterectomy 
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Means of sequential left hand-grip strength measurements 
three days after surgery, by type of surgery 

27 subj ects (12 male, 15 female): 5 total abdominal hysterectomy, 
7 cholecystectomy, 5 total knee replacement or arthroscopy, 7 trans
uretheral resection of the prostate,. 3 vaginal hysterectomy 
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drop and then return of strength such as that could possibly indicate 

a transition in use of different sources of energy. The small supply 

of ATP and phosphocreatine in muscle having been exhausted, the muscle 

began using glycogen stores. Since the right or dominant hand was 

more "trained," this transition would not be as apparent. 

The only effect of type of surgery on the shape of sequen

tial grip-strength measurement curve was for knee surgery two days 

after surgery. Here the quadratic component of the slope was 

inverted in relation to the slopes of the sequential grip-strength 

measurements for other types of surgery. Since the quadratic effect 

is apparent for the inverted slope, knee surgery subjects fit the 

overall two day after surgery effect, but in a different manner. 

Possibly because of the peripheral relation of their surgery to the 

torso, they felt comfortable in aggressively squeezing the dynamometer 

early in the sequential measurements but then tired, which caused 

the inversion due to decrease in force of measurement. For all other 

types of surgery, some component of trunk of the body had surgical 

intervention. These subjects may have approached dominant-arm 

measurement two days after surgery more cautiously and then increased 

their force of measurement toward the end of the sequence when they 

were more confident in squeezing the dynamometer in relation to their 

physical condition. Both situations create a quadratic effect in 

the sequential measurement curve. 
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Dietary Intake Related to Surgery 

None of the subj ects were allowed to consume anything by 

mouth after midnight on the night before surgery or for six hours 

before surgery if the operation was scheduled toward mid-day. There

fore, all subjects fasted for a minimum of eighteen hours. Most 

subjects did not eat for longer than that. 

Subjects were initially fed one of three types of diets. A 

clear liquid diet included foods that were liquid and transparent at 

room temperature (apple juice, gelatin, broth), while a full liqui.d 

diet included milk products and thicker substances (cream soup, 

puddings, ice cream). "Regular as tolerated" was a general order 

which gave the patient options from clear liquids to solid food, 

whatever the patient was able to eat. 

Table 4.14 lists the first diet orders by day after surgery. 

The patient did not necessarily eat what was prescribed. On the day 

of surgery, the subject would have received a supper tray only. On 

the first day after surgery, most orders were written to start at 

lunch or supper. Add to this the reality that many subjects did not 

feel like eating, and one can see that dietary intake for subjects 

on the day of surgery and the day after surgery was very small, if 

anything at all. Therefore, the hand-grip strength measurements 

taken two days after surgery followed two days of minimal to no 

dietary intake, as well as the effect of surgery. By three days 

after surgery, many subjects had been advanced to more solid food, 
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Table 4.14 Day of First Diet Order for Subjects After Fasting for 
Surgery 

Day of Days after Surgery 
Diet Order Surgery One Two Three Four 

Clear Liquid 5 19 3 1 

Full Liquid 1 

Regular, as 
tolerated 9 1 

39 subjects (14 male, 25 female) 
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although there was one subject who did not receive anything by mouth 

for the entire length of the study. 

Phase Three 

The final phase of this project was a case study. The subject 

was a 67-year-old right-handed woman who had been admitted to the 

hospital one and a half months before the start of this study for 

elective surgery to repair a hiatal henda and mucous fistula which 

had resulted from reflux esophagitis. She also had a history of 

asthmatic bronchitis. Between her pulmonary problems and the dif

ficulty in repair of the mucous fistula, she remained hospitalized 

for 11 months, during which her nutritional status varied. For six 

months of that time, she had her hand-grip strength measured at or 

around the time that serum albumin and pre albumin measurements were 

taken. Serum prealbumin has a two day half-life, while serum albumin 

has a half-life of 14 days (Grant and DeHoog, 1985), and thus reflect 

nutritional changes of corresponding time lags. White blood cell 

count was included in the parameters followed because the subject 

had several infections, which impacted on her nutritional status. 

Figure 4.12 shows these parameters in relation to hand-grip strength. 

Normal values, for reference, are: serum albumin greater than 

3.5 grams/deciliter, serum pre albumin 10-40 milligrams/deciliter, 

white blood cells 4,000-11,000. Infection, sepsis, and being on a 

respirator can increase nutritional needs to 50 percent or more above 

basal calories as well as one to two grams of protein per kilogram 

per day over basic protein needs. Also, the subject had the added 
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stress of additional surgeries. Her physician supported her nutri

tionally as aggressively as possible with enteral and parenteral 

nutrition. 

The subject was admitted to the hospital in mid-October and 

entered the study in early December. Upon hospital admission, she 

weighed 65.9 kilograms and was 152.4 centimete'rs tall. Surgical 

intervention for this subject before entry into the study included: 

(1) repair of hiatal hernia and mucous fistula; (2) nine days later, 

an esophageal anastomotic leak was drained and she was given a feeding 

jejunostomy; (3) seventeen days after that, she had a tracheostomy. 

During her first two months in the study, she had no further surgery, 

although she was on a ventilator in the critical care unit all that 

time. She was alert, and sometimes did needlework, but had difficulty 

being weaned from the ventilator. During the weaning process her grip 

strength measurements were taken after her longest period on the 

ventilator so she was as well oxygenated as possible. 

Toward the end of January, she began vomiting, particularly 

at night. It was at this point that she started to have intermittent 

periods of aspiration pneumonia. In early February she had a collagen 

injection into her left vocal cord to try to prevent her aspiration 

of emesis. A week later her vocal cords were tied. In mid-March 

she was less reliant on the ventilation but remained in the critical 

care unit. At this time she had surgery again, Roux-en-Y diversion, 

removal of a gastrostomy tube, and jejunostomy tube placement for 

feeding jejunostomy. By the end of March she was weaned from the 



96 

ventilator. On April second, endoscopy revealed that she now had 

four fistulas from the esophagus to lung parenchyma. A day later, 

she was moved to a regular nursing care unit. 

On the regular nursing care unit, she did not thrive and by 

mid-April was jerking involuntarily, complaining of stomach pain, and 

sometimes was disoriented. On April 23, her fistulae were injected 

with resorcinol/glutaraldehyde by endoscopy, and a Hickman subclavian 

catheter was placed. On May 11, because of continued problems due 

to the fistulae and friability of her esophagus, the subject had a 

cervical esophagostomy. She then briefly was kept in the critical 

care unit. By mid-May she had returned to the regular nursing care 

uni t but again did not thri ve. On May 20, she had a right lung 

lobectomy with resection of the fistulae. After this surgery, she 

was no longer continued on the study because her oncotic pressure 

was being maintained by parenteral albumin. The subject remained 

hospitalized until mid-September; at that time she was sent home, 

where she died. 

This courageous, determined, and delightful subject, over 

the course of her hospitalization, provided hand-grip strength data 

in a variety of situations. When there was great stress such as 

very high white blood cell count, hand-grip strength dropped sharply 

as did serum albumin and prealbumin (see February, March, and April 

in Figure 4.12). With moderate stress such as moderately high white 

blood cell count, hand-grip strength and serum albumin decreased at 

a gradual rate (see January to February). There were also times 
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when hand-grip strength, serum albumin and prea1bumin increased almost 

in unison (December, March, and April). However, there were also 

occasions when hand-grip strength and the serum nutr:1.tiona1 parameters 

were changing in opposite directions (December, March, April, May). 

The mean and standard deviation of the grip strength measures of her 

right hand over the six months were 14.41 and 2.38 kilograms; for 

the left hand, they were 14.87 and 1.60 kilograms. Compared to 

normative data [only Mathiowetz et a1. (1985) could be used in this 

case due to the subject's agel, the mean right hand-grip was -1.84 

standard deviation from the normative mean, and the mean left hand

grip was -1.01 standard deviation. Both these are lower than the 

healthy population means compared to Mathiowetz et a1. norms (-0.6 

standard deviation for the right hand and -0.3 standard deviation 

for the left hand) in the earlier part of this study. 

Generally, it appears that hand- grip strength was greater 

when nutritional status biochemical parameters were at or approaching 

wbat are considered to be normal or adequate levels. In following 

the flow of hand-grip strength measurements across time in relation 

to the biochemical parameters, the overall impression is that grip 

strength increases and decreases in relation to serum albumin and 

pre albumin , but it does not appear to correlate directly with either 

parameter. 
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CHAPTER 5 

DISCUSSION 

The use of hand-grip strength as a parameter for assessment 

of nutritional status is clarified as a result of these studies. 

Data from each phase of research are examined and discussed. 

Phase One 

A learning/training effect was not seen with measurements 

repeated daily and weekly. A second observation was that day-to-day 

variability of hand-grip strength was greater for the left than the 

right hand. This difference does not appear to support results of 

the reliability studies with the hand-grip dynamometer that were 

discussed in the review of literature, where the hand with greater 

strength showed greater variability in measurement. The variation 

seen in the left hand was particularly affected by subject one (the 

bottom line of Figure 4.1, page 56). She had an initial measurement 

of 13.00 kilograms, but all the following measurements were much 

lower. She later admitted to having arthritis in her left hand but 

had failed to mention it when initially interviewed. Without her 

left hand data, the Illean coefficient variation of (standard deviation/ 

mean x 100) of the left hand of all subjects dropped to 9.37%, which 

is slightly lower (0.08%) than the mean coefficient of variation of 
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the right hand of all subjects, which would then agree with the 

reliability studies in the literature. 

Screening (page 117) did not identify this subject with 

arthritis. On the day of initial measurement, the subject's hand 

did not hurt, so she was not reminded of her arthritis. During later 

measurements, the subject did not mention hand pain, but hand-strength 

measurements were much lower than before. For studies requiring 

repeat measurements, appropriate wording for screening might include, 

"Do you ever have acute pain in your arms and/or hands?" 

Intra-individual measurement variability could be calculated 

for two studies where grip strength measurements were repeated, Henry 

(1959) and Kroll (1970), and for the six subjects in the first part 

of this phase. The intra- individual standard deviation was 2.08-

2.36 kilograms in the Henry (1959) study, 1.94-2.80 kilograms in the 

Kroll (1970) study, 1.98 kilograms in the right hand and 1.94 kilo

grams (1.95 kilograms omitting subject one) in the left hand of part 

one of Phase One in this study. Therefore, subject measurement 

variability in this part of the study was comparable to data reported 

in the literature. 

There was no effect of changing leg position on grip strength 

measurements. Thus subjects who are confined to bed can be measured 

with some assurance that if upper body position is maintained, 

the grip-strength measurement should be comparable to that of the 

individual sitting in a chair with feet on the floor. 
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Phase Two 

Left hand-grip had a stronger correlation than right to 

anthropometric variables (Table 4.4, page 62). The strong correlation 

of right and left hand-grip strength, as well as that of hand-grip 

strength with height, agrees with earlier work of Watters et a1. 

(1985). 

Multivariate prediction of left hand-grip strength was most 

powerful (R 2 - 0.90, SEE - 3.5 kilograms) when right hand- grip 

strength was included in the equation. Age and sex were significant 

predictors when right hand- grip strength was not included ,,,i th the 

model, while height was significant in all analyses. Even though 

bivariate analysis showed no correlation of age with grip strength, 

the significance of age in some multiple regression equations shows 

that age may interact with other variables. 

Effect of Surgery 

Two days after surgery hand-grip strength was decreased 

significantly by 2.23 kilograms for both hands (Table 4.7, page 67). 

Three days after surgery hand-grip strength had increased to levels 

not significantly different from pre-surgery values. However, 

variation in measurements was considerable. 

Variability of right and left hand-grip strength measure

ments grouped together increased after surgery. However, the intra

individual variability as standard deviation of measures from before, 

two and three days after surgery was 2.60 kilograms, only slightly 

greater than seen in the first study of Phase One where grip strength 
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was observed over 22 days. Before-surgery hand-grip strength was 

highly predictable from measures two days after surgery (R2 - 0.89, 

SEE - 3.61) and three days after surgery (R2 - 0.89, SEE - 3.58), 

controlling for age, sex and hand measured. 

Dividing data by hand dominance gave another perspective. 

Two days after surgery, hand-grip strength decreased significantly 

only in the non-dominant hand by 2.68 kilograms. Three days after 

surgery, the non-dominant hand showed a significant increase in 

strength (Table 4.9, page 70). The observation that change in grip 

strength was significant only for the non-dominant hand may be due 

to "training" or favored use of the dominant hand. 

The sensitivity of the non-dominant hand strength to stress 

of fasting and surgery supports the clinical use of dynamometer 

measurement in that low non-dominant hand strength was predictive of 

surgical complications in two studies (Klidj ian et a1., 1980 and 

K1idjian et a1., 1983), and non-dominant hand strength was the most 

sensitive parameter in another (Hunt et a1., 1985), see Table 2.2, 

page 42. Also, in clinical adductor po11icis muscle studies, it was 

the left hand that was more frequently measured when observing changes 

in muscle function accompanying decreases or increases in dietary 

intake (Table 2.1, page 32). Brough et al. (1986) measured adductor 

pollicis muscle strength of the right hand of subjects in the recovery 

room immediately after surgery, and found no significant difference 

in muscle function relative to normal controls. Because of hand

strength differences seen in this proj ect two days after surgery 
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(the left or non-dominant hand only showing a significant decrease 

in grip strength) and differences of individuals, one must wonder if 

Brough et a1. (1986) 1) tested the left or non-dominant hand and 2) 

measured the subjects themselves before surgery instead of comparing 

them to normal controls, whether a change might have been seen. Also, 

perhaps the fasting period befor~ surgery had been too brief to have 

affected muscle function. 

Looking at measurement variability of each hand individually, 

one notes that variability as standard deviation of measures for the 

dominant hand before, two and three days after surgery was 2.90 kilo

grams. For the non-dominant hand, the value was 2.24 kilograms. 

Study Population Related to Normative Data 

If hand-grip strength is to be used for assessment of the 

individual, normative values are important in order to determine the 

adequacy or inadequacy of the strength measurement. Nutritional 

studies with the hand-grip dynamometer have used one normative value 

for men and one for women. The two age- and sex-specific data bases 

that are available vary from each other in measurement technique, 

age range, and strength values. 

The study population data had more normal distribution, the 

mean Z-score at the normative mean and other scores distributed evenly 

above and below the mean, on the Montoye and Lamphiear (1977) norms 

than on the Mathiowetz et a1. (1985) norms. However, in a clinical 

situation, the measurement technique and wider age range for data of 

the Mathiowetz et a1. (1985) norms is more desirable. Because of 
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the variability of the repeated grip-strength measurements, one must 

question if use of norms is feasible or accurate in assessment. 

Sequential Measurements to Assess Tiring 

Analysis of the curves of sequential measurements showed 

distinct differences between the right and left hand and in both hands 

before, two, and three days after surgery. The right hand had greater 

strength than the left, and that strength was maintained somewhat 

over the ten measurements. For the left hand, the non-dominant hand 

for nearly all subjects, strength dropped more quickly and precipi

tously than for the right. The curves for both hands were more 

rounded or quadratic in shape two days after surgery and more straight 

or linear before and three days after surgery. The sequential hand

strength measurements were highest before surgery, lowest two days 

after surgery, and at an intermediate level three days after surgery. 

These effects are clearly seen in Figure 4.5, page 81. 

Uietary Intake Related to Surgery 

None of the subjects was allowed to consume anything by mouth 

starting at least six hours before the operation. Depending on the 

subject's response to surgery, some were able to receive nourishment 

at the evening meal on the day of the operation. In fact, 14 subjects 

had a doctor's order for some form of dietary intake at supper on 

the day of surgery. However, most subjects were allowed only fluids 

or nothing at all for at least a day after surgery and did not get 

solid food until one to two meals of liquids had been tolerated well. 
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Even after intake was resumed, the initial diet consisted of 

small quantities of liquids and eventually solid foods. Therefore, 

minimal nutrient needs were likely not met until the individual had 

been re- introduced to food for several days. Possibly this is why 

the variability of hand-grip strength continued to increase three 

days after surgery even though the strength measurements were greater 

than at two days after surgery. Although grip strength might appear 

to be significantly affected by dietary intake due to these changes, 

the effect of the stress of surgery as well should not be overlooked. 

Phase Three 

As with the subjects who fasted on a short-term basis because 

of elective surgery, the subject in the case study had changes in 

hand-grip strength measurement. Her metabolic needs, nutrient intake, 

and the nutritional status fluctuated over the six months that she 

was followed. Her hand-grip strength also varied, but with an 

apparent lag time relative to the biochemical measurements. This 

does not necessarily mean that hand-grip strength is not a suitable 

parameter for assessment of nutritional status. What it more likely 

means is that it fits into the overall metabolic picture in a dif

ferent position than the assessment parameters with which it was 

compared. Watters et a1. (1985) also found no direct relation of 

grip strength with nutritional status indices. 

A significant decrease in grip strength was seen in this 

project for the non-dominant hand of subjects who had fasted for a 

minimum of 18 of the previous 32 hours. The subject followed in the 
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case study had some periods of fasting but also had varying nutri

tional status due to the difficulty in matching her dietary intake 

to her changing metabolic needs. Therefore, she had periods of time 

when she had to adapt to inadequate intake and/or increased needs, 

which resulted in adaptive mechanisms of her body facilitating 

glycogen breakdown, gluconeogenesis, lipolysis, and eventually 

ketosis. Body adaptive mechanisms for fuel supply begin even in the 

postabsorptive state, 6-12 hours after eating. Because the case 

study subject was intermittently receiving inadequate protein and 

energy intake, her adaptive mechanisms undoubtedly were affecting 

grip strength but in a more subtle way than the fasting of the 

elective surgery subjects. 

The coefficient of variation for this subject's right hand

grip strength measurements was 16.52% or 2.38 kilograms, and for her 

left hand it was 10.76% or 1.60 kilograms. This is similar to results 

of the healthy populations reported in the literature and in the 

other parts of this project. Thus, one must conclude that although 

this subject's grip strength varied, it was within normal range of 

variation. However, compared to the Mathiowetz et al. (1985) 

normative data relative to the healthy population of this study, she 

had low grip strength, although within the normal range. Using the 

predictive equation (Table 4.5, page 64) for normal healthy indi

viduals which includes height, age, and sex, her IInormal ll left hand

grip strength should have been 12.28 kilograms. Her mean left hand

grip strength (14.87 kilograms) during the study was higher than 
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Unfortunately, it was not possible to measure this 

subject when she was healthy in order to know her "normal" hand-grip 

strength. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The purpose of this project was to explore the utility of 

hand-grip strength measured by the hand-grip dynamometer for use in 

nutritional assessment of protein-calorie malnutrition. The research 

included a series of studies designed to investigate the variability 

of the measure over time in healthy subjects, the effect on grip 

strength of acute stress and short-term deprivation of food intake 

and relation of grip strength to nutritional status. 

Methods 

The first study, in which six healthy subjects participated, 

was designed to observe possible learning or training effects and 

day-to-day variability with the hand-grip dynamometer over time. 

Another part of this study also included six subjects and observed 

any differences in measurement due to leg position. 

The second set of studies explained the relation of hand-grip 

strength to age, sex, and arm anthropometry in 43 heal thy people 

prior to elective surgery, the effect of fatigue in a series of 

sequential strength measurements, and the effect on these measures 

of elective surgery, two and three days postoperatively. 

The third study was a case study of one subject who had hand

grip strength, serum albumin and prealbumin, measured repeatedly 
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over a period of six months during which the subject experienced 

nutritional depletion and repletion. 

Findings 

There was no learning or training effect observed in use of 

the hand-grip dynamometer. Day-to-day variability in grip strength 

experienced as the coefficient of variation, was approximately 10%. 

This variability of about 2 kilograms is consistent with two other 

studies reported in the literature. No differences in hand-grip 

strength were observed with varying leg position in seated subjects. 

Right and left hand-grip strength were highly correlated. 

Hand-grip strength correlated well with height, arm lengths, and 

forearm muscle circumference, with left hand- grip strength more highly 

correlated than right hand-grip strength with anthropometric 

variables. Multiple regression analysis was predictive of left 

hand-grip strength using, age, sex, height (R2 - 0.77, SEE - 5.23 

kilograms) or with left forearm muscle circumference added (R2 - 0.78, 

SEE - 5.23 kilograms). 

From hand-grip strength measurements taken two and three days 

after surgery, pre - surgery hand- grip could be predic ted through 

multiple regression analysis (R2 - 0.89). Variability increased 

after surgery relative to pre-surgery measures. The non-dominant 

hand showed a significant decrease (2.68 kilograms) in strength two 

days after surgery and recovery three days after surgery (1.93 kilo

grams). The study population fit the normative data of Montoye and 
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Lamphiear (1977) well, but the Mathiowetz et al. (1985) measurement 

technique and age range was more suited to a clinical population. 

Sequential measurement analysis showed a difference between 

right and left hand-strength measurement and for both hands before, 

two and three days after surgery. The right hand was stronger than 

the left and tired less quickly. Two days after surgery, hand-grip 

strength was decreased for both hands, and the curve of sequential 

measurements was more rounded or quadratic. Three days after surgery, 

some strength had been regained, and the curve was more linear. 

There was not major difference in curves by type of surgery except 

that the right hand of subjects with knee surgery had an inversion 

of the quadratic effect two days after surgery, and the left hand of 

knee and vaginal hysterectomy subjects had a drop and then increase 

in grip-strength measurement from trial five to trial seven before 

surgery. All subj ects fasted for at least eighteen hours at the 

time of surgery. 

The case study subject had varying hand-grip strength, serum 

albumin, and prealbumin. Yet, they did not consistently change in 

the same direction in unison. The overall flow, however, was in the 

same direction. Variability of the subject's hand-grip strength 

measurements (2.38 kilograms for the right hand and 1.60 kilograms 

for the left) was similar to that of the six healthy subjects measured 

in the first study, but compared to normative data, her strength was 

low. 
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Conclusions 

Because there was no learning or training effect with repeated 

use of the hand-grip dynamometer, it should be an objective instrument 

for repeated clinical measurement. Using a standardized position, 

elevation of the legs did not affect hand strength, thus increasing 

the possibilities of clinical use to that of the patient who is able 

to sit in bed. 

Left hand-grip strength correlated significantly with right 

hand-grip strength (r - 0.94, p < 0.001) and some anthropometric 

indices (height, arm length, forearm-muscle circumference) and could 

be predicted by multiple regression using age and sex with right 

hand- grip strength and height (R2 - 0.90, SEE - 3.50 kilograms), 

left forearm-muscle circumference and height (R2 - 0.78, SEE - 5.23 

kilograms), height (R2 - 0.77, SEE - 5.23 kilograms), left forearm 

length (R2 - 0.73, SEE - 5.72 kilograms), left total arm length (R2 

- 0.73, SEE - 5.70 kilograms). Grip strength must be measured 

initially to determine a reference value for the individual. There 

was no one set of age- and sex-specific normative grip-strength data 

that had measurement technique and strength values that were 

appropriate for the study population. 

Pre-surgery grip strength could be predicted from two (R2 -

0.89, SEE - 3.61 kilograms) and three (R2 - 0.89, SEE - 3.58 kilo

grams) days after surgery grip strength combined with age, sex, and 

dominance of hand measured .. The stress of surgery and short- term 

food deprivation caused a significant decrease in strength of the 
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non-dominant hand but with increasing variability of measurement. 

However, for a single case over time, there was no direct relation 

of biochemical indices and grip strength. 

Hand-grip strength did not change enough due to fasting and 

surgery to be different from normal day-to-day variability of grip 

strength as measured with the hand-grip dynamometer. Also, hand

grip strength measu~ed in this manner did not change directly with 

the biochemical parameters of serum albumin and pre albumin for one 

subject. Thus, in this population, the hand-grip dynamometer did 

not measure great enough change in strength or strength change 

relative to changing nutritional status parameters to warrant use

fulness in nutritional status assessment. 
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APPENDIX A 

STANDARDIZED FORMS 



Nursing Records Insert 

is involved in a research study approved by 
the HUman Subjects Committee to evaluate hand 
grip strength as a component of nutritional 
status assessment. Grip strength will be 
measured with the hand grip dynamometer 
periodically throughout this patient's 
hospital stay. If questions arise, please 
feel free to contact me. 

Linda Kautz, M.S., R.D. 
626-7863 or 327-4164 

HAND GRIP STRENGTH RESEARCH STUDY 
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Healthy Population 
SUBJECT'S CONSENT 

Titlel The Hand Grip Dynamometer - A Tool for Nutritional 
ABseesment? 

I under at and that I am being asked to allow a simple teot to 
be run upon mYBelf. I will be aaked to squeeze a device that 
measures hand strength aeveral times. There ia no pain or discomfort 
associated with thia meaBurement, and there are no complications 
of the measurements. 

I understand that this measurement will be taken at several 
different appointments. 

I reelize that there will be no direct benefit to me. At Borne 
time in the future the hand grip dynamometer may be found to 
be helpful in nutritional assessment. My participation in this 
atudy may help to prove this. 

If I decide to be a participant in this study, my name will 
be kept confidential at ell times. No charges will be made 
for this study. 

I understand that in the event of physical injury resulting 
from the measurement that financial compensation is not available 
for wages, time lost, medical care. or hospitalization. I under
stand that the investigator will provido more informetion upon 
my reQuost. 

I heve read the above 'Subject's Consent.' The nature, demands, 
risks, and benefits of the project have been explained to my 
witness and me. I understand that I may ask Questions and that 
I am free to withdraw from the project at any time without incurring 
ill will (or affecting medical care). I aleo understand that 
thia consent form will be filed in an area designated by the 
Human Subjects Committee with acceSB restricted to the principal 
investigator or authorized representatives of the particular 
department. A copy of this conaent form will be given to rna. 
Subject's Signoture ______________________________________ _ Date ____ __ 
Witness __________________________________________________ __ Date ____ __ 

I have carafully explained to the subject the nature of the above 
project. I hereby certify that to the best of my knowledge the 
Bubject signing this consent form understands clearly the nature, 
demands, benefits, and riaks involvsd in partiCipating in this 
Btudy. A medical problem or language or educational barrier 
he. not precluded a clear underatanding of hia/har involvement 
in this project. 

Inve.tigator __________ ~----------------------------------- Date ____ __ 
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Healthy Inpatient Population 
SUBJEC'f'S CONSENT 

Title. The Hand Grip Dynamometer - A Tool for Nutritional 
Assessment? 

I understand that I am being asked to allow some simple measure
ments to be made on myself. These measurements will consist of 
height, Weight, upper and lower arm length and circumference, 
the thicknees of several folds of skin as well as wrist and 
elbow breadth. I understand that these measurements will be 
taken at this appointment only. 

I will also be asked to squeeze a device that measures hand 
strength several times. I understand that this measurement 
will be taken at several different appointments. There is no 
pain or discomfort associatod with these measurements, and there 
Bre no complications of these measurements. 

I understand that the investigator will review my patient chart 
and may use lab data and other information from it as part of 
the study. 

I realize that there will be no direct benefit to me. At eome 
time in the future the hand grip dynamometer may be found to 
be helpful in nutritional assessment. My participation in this 
study may help to prove this. 

If I decide to be a participant in this study, my name will 
be kept confidential at all t~mes. No charges will be made 
for this study. 

I understand that in the event of physical injury resulting 
from the measurement that financial compensation is not available 
for wages, time lost, medical care, or hospitalization. I under
stand that the investigetor will provide more information upon 
my request. 

I have read the above 'Subject's Consent.' The nature, demands, 
risks, and benefits of the project have been explained to my 
witness and me. I understand that I may ask questions and that 
I em free to withdraw from the project at any time without 
incurring ill will (or affecting medical care). I also understand 
that this consent form will be filed in an area designated by 
the Human Subjects Committee with access restricted to the 
principal investigator or authorized representativee of the 
particular department. A copy of this consent form will be 
given to me. 

Subject's Signature __________________________________ _ Date ____ _ 
Witness, ____________________________________________ _ Date ___ _ 

I have carefully explained to the subject the nature of the above 
project. I hereby certify that to the best of my knowledge the 
subject signing thie consent form understands clearly the neture, 
demands, benefits, and risks involved in partiCipating in this 
study. A medical problem or language or educational barrier 
has not precluded a clear understanding of his/her involvement 
in this project. 
Investigator Date ___ _ 
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Inpatient/Outpatient 
SUBJECT'S CONSENT 

Titles The Hand Grip Dynamometer - A Tool for Nutritional 
Assessment? 

I understand that I am being asked to allow a simple test to 
be run upon myself. I will be asked to squeeze a device that 
measures hand strength several times. There is no pain or discomfort 
associated with this measurement, and there are no complications 
of the measurement. 

I understand that this measurement will be taken at several 
different appointments. 

I understand that the investigator will review my patient chart 
and may use lab data and other information from it as part 
of the study. 

I reali~e that there will be no direct benefit to me. At some 
time in the future the hand grip dynamometer may be found to 
be helpful in nutritional assessment. My participation in this 
study may help to prove this. 

If I decide to be a participant in this study, my name will 
be kept confidential at all times. No charges will be made 
for this study. 

I understand that in the event of physical injury resulting 
from the measurement that financial compensation is not available 
for wages, time lost, medical care, or hospitalization. I under
stand that the investigator will provide more information upon 
my request. 

I have read the above 'Subject's Consent.' The nature, demands, 
risks, and benefits of the project have been explained to my 
witness and me. I understand that I may ask questions and that 
I am free to withdraw from the project at any time without incurring 
ill will (or affecting medical care). I also understand that 
this consent form will be filed in an area designated by the 
Human Subjects Committee with access restricted to the principal 
investigator or authorized representatives of the particular 
department. A copy of this consent form will be given to me. 

Subject's Signature, __________________________________________________ __ Date ______ __ 

Witness, ____________________________________________________________________ ___ Date ______ __ 

I have carefully explained to the subject the nature of the above 
project. I h~reby certify that to the best of my knowledge the 
subject signing this consent form understands clearly the nature, 
demands, benafits, and risks involved in participating in this 
study. A medical problem or language or educational barrier 
has not precluded a clear understanding of his/her involvement 
in this project. 
Inveetigator ___________________________________________________________ ____ Date ______ __ 
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INITIAL QUESTIONS Subject r----
1. Initial screen! 

Do you presently have acute pain in your arms and/or hands? 

Do you have a neuromuscular diseale? 

Have you been hospitalized in the last six months? 

Are you able to live a normal lifestyle without restriction 
because of a health problem? 

2. What is your current occupation? 

What is/are your current hobbies? 

3. Health status I 

Do you have a chronic illness? If so, what? 

How would you rate your general henlth? good fair poor 

Have you had e recent woight chango? If so, what was 
the causs? 

4. Fitness! 

Do you exercise regularly? If yes, doing what? How often? 

If given the choice do you usually take the elevator or 
walk the stairs? 

5. General well-being! Sleep well? 

Fatigued moat of the time? 

Appetite disturbance? 

Affect - Flat Bright 
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DATA SHEET 

.Subject Namo ____________ ___ 
r----

Examiner Date of Examination / / 
T'Yr7T ('iiio7T TciaYT 
8 10 12 

Date of birth / . / 
T'Yr7T ('iiio7f TciaYT 

Age 
T'Yrii':") ('iiio7f 

14 16 18 20 22 

Sex 1-Fema1e Dominant Hand 1-Right 
24 2-Ha10 25 2-Left 

Ethnicity 1-Ang10 2-Hexican/American 3-Black 4-Indian 5-0thor 
26 

Body HeaDuremontal 
Weight 27 _,~ _kg, ( ___ ' __ lbo,) 

Ullual weight , kg, ( ,lbll, ) 
'jf - - - - - - - -

Height ,cm, ( __ , __ in,) 
. 15----

Right Side I Left Side I 

Arm 1engthDI 
Upp~r arm 40 _, __ cm, 

Lower arm __ , __ cm. 
48 

Total arm 56 _, __ cm, 

Arm circumforoncaol 
Hid upper arm __ ' __ cm, 

64 
Foraarm __ ' __ cm, 

72 

Arm width. 

Elbow breadth cm 80-'-- ' 

Wriot breadth nvn 
iiii -'- - ' 

Arm fatfolde. 
Triceps __ , __ IMl, 

96 
Biceps , mm, 

104- ---

Forearm , mm, 
TI2- --

Uppor arm ii-'--cm, 

Lower arm 
52 -'--

cm, 

Total arm 60-'--cm, 

Hid upper arm , cm, 68---
Forearm cm 76-'-- ' 

Elbow breadth , cm, 84---
Wrillt breadth , mm, n---

Triceps 100-'- _nvn, 

Biceps , mm, 
100- --

Forearm , mm, 
TI6- --
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GRIP STRENGTH MEASUREMENTS 
DATA SHEET (cont,) 

Subject 1----

Examiner 
6-

Date of Examination I I 
TYr:-r (iiio:-r TdaYT 

Body Measurements. (cont,) 

Right Side. 
Hand grip strength. 

Single measurement. 
___ , __ kg, 
___ , __ kg, 

___ , __ kg, 

Mean TOe- _' __ kg, 

Serial measurements. 

TIe- -'- _kg, 

12e- -'- _kg, 

TIe- -'- _kg, 

Tie- -'- _kg, 

15e- -'- _kg, 

16e- -'- _kg, 

TIe- -'- _kg, 

e 10 12 

Left Side. 

___ , __ kg, 
___ , __ kg, 
___ , __ kg, 

Mean IT3- _, __ kg, 

123- -'- _kg, 

U3- -'- _kg, 

Ti3- -'- _kg, 

153- -'- _kg, 

163- -'- _kg, 

TI3- -'- _kg, 

TIi3- -'- _kg, 
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TPH MONrrORINO - 1- UnlYenlty Medical Center TPH Team 

PrImary DlagnO!ls 
Swgery 

Dille 

TPH DIlY' 

Nil 

K 
CI 
IIC03 
Glucose 
BUN 

Creatinine 
ell 
POol 

M~ 

\'fUC 

$Usnds 

11/11 
Platelet 
PTlP!! 
lbllllObUi 
SGOTl3GPT 
Alk Phos 

TriCI:lcerlde 
PrelllbUiIIln . 
Albumin 
Tot Protein 
Transrerrin 
Nitrogen Dalanee 
fl!!J{ersUc:kslS,\ 
\felght 
Intllke 

OUt!.!!!t 
ABCs 
Am1'·se 

Dale or Admission 
Admission 'Velght 
lOW 
Height 

Allergies 
Medications 

t-' 
i') 

o 



!.lneChanps 
Catheler InlectlOlll 

Dale 
TPN Ol! I 
TPN Rale 
Othcr IV's 
Goal Rate 
Goal Kcal 
Actual Kcal 
Goal Protein 
Actual Protein 
Oclttrose 
Amino Acids 
Fat (continuous) 
NaCI 
KJP04 
KCI 
MgS04 
Ca G1uconate 
MVI-12 
Trac~ Elements 
Vltarnin K 
Heparin 
Vltalnln 812 
l'olicAcld 
Rc!!Ular Insulin 
Fat (Interrnlttent) 
Na3P04 
K Acetate 
Na Acetate 
K lluns 
Sliding Scale Insulin 

TPH 1I0HrroR1HG - 2 

Dr~11i Checlcs 

, 

i--

-

1---1--
~ 
r-.:> 
~ 



Regular 
Medications 

Date 

-·-·---------· . - ----· ---- - ·---

PRN 
Medications 

--- ---- - ____ .!.___ 
I - - - --· •--

•--· ---L--~ -----__ J ---- ---

--- ·--- -~- - ·--·----

Medication Record 

t-' 
N 
N 

\ 
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APPENDIX B 

PICTURE OF DYNAMOMETER 



PICTURE OF PRESTON PC 5032F® 

PROFESSIONAL LIGHTWEIGHT DYNAMOMETER 

Reprinted by permission of ©J. A. Preston Corporation 1988 
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