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ABSTRACT 

• The intent of this investigation was to examine gender and shoulder position 

effects on maximal handgrip strength. This cross-sectional study tested straight-arm grip 

strengths of 104 apparently healthy adults, ages 18 to 82, in three different positions of 

shoulder flexion: above the head (1800 frontal plane shoulder flexion), towards the front 

(900 frontal plane shoulder flexion), and down to the side (00 frontal plane shoulder 

flexion). The position orders were randomized, and the best of three for each position 

was analyzed for data. A 2-way (gender by shoulder position) ANDV A with repeated 

measures on the shoulder position main effect was used to analyze the data. A 

Bonferroni post-hoc test was employed to isolate specific differences that could be 

attributed to shoulder position. It was found that, although the men's and women's 

means and standard deviations differed for the three positions, the way in which the 

scores varied was the same. Both genders displayed the greatest grip strength in the 

following order: above> down> front. It is possible that the above position allows for 

the greatest grip strength due to the synergistic effect of the muscles supporting the 

shoulder in full flexion. Further research is needed to confirm as well as explain these 

results. 
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CHAPTER ONE 

Introduction 

Grip strength is a measurement that is often used in a clinical setting to chart 

patients with upper extremity skeletal muscle problems as they progress toward recovery. 

The use of a standardized, hydraulic handgrip dynamometer, such as the Jamar 

dynamometer, has been proven to be a valid indicator of upper extremity strength. A 

baseline measurement is usually recorded and subsequent measurements are made over 

time and compared. These tests are useful in determining a patient's rate of recovery as 

well as whether or not a treatment plan is effective (Bellace et aI., 2000; Bohannon, 1998; 

Kirkpatrick, 1956; Mathiowetz et aI., 1984; Taylor and Shechtman, 2000). Also, 

normative data tables exist allowing comparisons to be made between an individual's grip 

strength performances and those of others in the same age, gender, and dominant arm 

groups (Hanten et aI., 1999; Mathiowetz et aI., 1985). To ensure that these comparisons 

are valid, a standardized procedure should be followed. The accepted guidelines state 

that for grip testing with the Jamar dynamometer, the elbow is to be positioned at 900 of 

forward flexion and the arm adducted neutrally to the side of the body (Adams et aI., 

1992; Fess, 1992; Mathiowetz et aI., 1985; Sammons-Preston, 1995). These are the 

standardized guidelines to be used by clinicians. Other positions, in particular the 

position of the shoulder, may affect grip strength. However, the effect of shoulder 

position on grip strength is not well understood. 
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Review of Literature 

The action of a hand gripping an object is a very complex one. It is the result of 

many muscles working together over several joints. Although the extent to which 

individual muscles contribute to hand grip is not fully understood, such muscles are easily 

observable. This can be illustrated when one person grips and relaxes and object while 

sitting perpendicular to a table with his arm resting on it. The movement in muscles of 

the forearm, arm, shoulder, scapula, and even the trunk can then be palpated (Lehmkuhl 

and Smith, 1986). Upon knowing this, one can appreciate the complexity of hand grip 

action. 

Through dissection of the upper extremity, the primary muscles involved in grip 

can be determined by viewing the points of origin and insertion of the muscles ofthe 

hand. With the body in the anatomical position, flexion of the distal and proximal 

interphalangeal joints brought about through the flexor digitorum profundus, the flexor 

digitorum superficialis, and the palmar muscles. Contractions of the short muscles ofthe 

hand, the lumbricals, and the interossi result in flexion at the metacarpophalangeal joints. 

In addition to these, muscles attached to the thumb work to generate force in the opposite 

direction when grip is performed. The adductor pollicis and flexor pollicis brevis move 

the thumb inward during grip. Also, the flexor digiti minimi brevis on the ulnar side of 

the hand aids in grip (Hollinshead and Jenkins, 1981). These are all muscles that cause 

the joints of the hand to move during the action of grip. However, these joints are not the 

only ones involved in the total action. 

In order to produce an isometric muscle action for grip, the wrist, as well as the 

arm, elbow, shoulder, and back must all be stabilized. The inclusion of several other 



muscles, in addition to the primary movers for a joint movement, is called a synergistic 

effect. Such muscles act isometrically at joints far removed from the primary motion in 

order to fixate, or stabilize, proximal joints so that motion may occur at distal joints 

(Lehmkuhl and Smith, 1986.). The synergist muscles help prevent undesirable 

movements of bones not directly involved in the motion (Sherwood, 1997). As an 

illustration, consider the following hypothetical situation: If only one muscle was 

attached to two bones connected by one joint, a contraction of that muscle would cause 

the two bones to move toward each other. However, synergistic contractions avoid this; 

that is, other muscles work to stabilize one joint, resulting in only the insertion bone 

movmg. 
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With this in mind, synergist muscles involved in grip would include those found 

across the joints of the wrist, forearm, elbow, shoulder, back, as well as other 

possibilities. Studies using electromyographic analysis have examined upper extremity 

muscle activity during static hand contractions (Blackwell et aI., 1999; Claudon, 1998; 

Hollinshead and Jenkins, 1981; Huesler et aI., 2000; Sporrong et aI., 1995). Combined, 

these studies report definite muscle activity during static handgrip in virtually all of the 

muscles of the forearm and ofthe upper arm. Muscle activity has also been reported in 

several shoulder muscles including the following: the posterior and anterior deltoids, teres 

minor, teres major, pectoralis manor, pectoralis minor, latissimus dorsi, subscapularis, 

and infraspinatus (Hollinshead and Jenkins, 1981; Sporrong et aI., 1995). As a result of 

the numerous components contributing to grip, there are many influential factors that 

must be taken into consideration when examining maximal grip strength tests. 
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Several studies have dealt with determining the effect of arm position on handgrip 

strength (Balogun et aI., 1991; Desrosiors et aI., 1995; Kuzala and Vargo, 1992; 

Mathiowetz et aI., 1985; Oxford, 2000; Su et aI., 1994;). However, these studies have not 

always supported each other. For example, Mathiowetz et aI. found grip strength was 

greatest when the subjects were sitting with the elbow in 90° flexion compared to sitting 

with the arm extended. In another study, Desrosiers et aI. found that the fully extended 

position produced the highest results in only the non-dominant arm with no significant 

differences between positions on the dominant side. Finally, Balogun et aI., Kuzala and 

Vargo, Oxford, and Su et aI. all found grip strength to be greatest when the subjects' arms 

were fully extended at the elbow (compared to 90° flexion). 

Positioning of the wrist during grip strength testing is another factor that has been 

studied (De Smet et aI., 1998; Halpern and Fernandez, 1996; Hazelton et aI., 1975; 

Lamoreaux and Hoffer, 1995; Li, 2002; O'Driscoll et aI., 1992; Pryce, 1980). O'Driscoll 

et aI. found the greatest results in the position in which subjects automatically placed their 

wrists to hold the grip tester (35° of extension, 7° ulnar deviation). Pryce reported a 

greatest grip strength occurred at 15° extension and 0° deviation. Li, who tested the peak 

forces produced by the individual fingers, reported similar results. He found that peak 

individual forces as well as peak total force occurred at 20° of extension and 5° ulnar 

deviation with force production decreasing incrementally as the wrist moves away from 

this position. Two other studies (Halpern and Fernandez, 1996; Lamoreaux and Hoffer, 

1995) reported that grip strength decreases significantly at wrist positions deviating from 

those mentioned above. Therefore, it appears that the greatest grip strength occurs at 

approximately the position in which the individual will naturally hold his or her wrist. 
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We know that different elbow and wrist positions can affect grip strength. One 

factor that has not been extensively studied is the positioning of the shoulder during 

handgrip measurements. Since it has been found before with the elbow and wrist, there 

exists the possibility that the synergist muscles ofthe shoulder could affect the amount of 

force available to be generated in a maximal grip. Hence, shoulder position could 

influence grip strength. The author knows of only one study that addresses this. 

Su et al. (1994) took a sample of80 male and 80 female Chinese subjects and 

measured grip strength in four positions: arm fully extended at shoulder flexion of (1) 0°, 

(2) 90°, and (3) 180°, and (4) elbow flexed at 90° with 0° shoulder flexion (this last 

position was discussed above, so it will be omitted here). Testing consisted of each 

subject performing one trial of all the positions in a random order. A two-minute rest 

break was present between positions. The study found slightly varying trends in the data 

between males and females. For the males, maximal grip strength increased as the degree 

of shoulder flexion increased. Thus, the highest average grip strength was found at 180° 

of shoulder flexion, followed by the front position (90° shoulder flexion), and ending 

with the lowest results in the down position (0° shoulder flexion). Conversely, the 

females demonstrated no significant differences between the above and front positions. 

However, the females were consistent with the males in demonstrating the least amount 

of grip strength in the down position. Su et al. concluded that the results are possibly 

biased by cultural and ethnic factors. Such factors could include height, weight, level of 

physical activity, lifestyles, and the role of women in Chinese society. As a result, more 

testing is needed to confirm these findings. 
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Purpose of this Study 

The purpose of this study was to investigate if the findings of Su et al. apply to an 

American population by detennining the effect of three different shoulder positions on 

handgrip strength. It was hypothesized that a shoulder flexion angle of 1800 would result 

in the greatest grip strength. To make the results more generalizable, male and female 

subjects were recruited to participate in this study. 

Assumptions 

The following assumptions were made regarding this study: 

1. All of the subj ects who participated in the study put forth a maximal effort during 

each repetition (grip contraction) in all three testing positions. 

2. The subjects had no physical limitations that would confound the outcome of the 

study. 

3. The Jamar dynamometer provided a reliable, objective, and valid measurement of 

grip strength. 

4. The Jamar dynamometer remained calibrated and in good working order between 

repetitions, and throughout the course of the study. 

Delimitations 

Some restrictions on subject eligibility must exist in any study in order for it be 

generalizable to a much wider population. For the purpose of this study, data 

representing nonnal, healthy adults was needed. As a result, only those of a consenting 

age were allowed to take part. The state of one's health and the degree of risk to the 

subjects are other factors that should always be considered during subject recruitment. 

An isometric exercise, such as grip strength testing, causes blood pressure and heart rate 



,-, to increase-an event not desirable for those at risk for coronary artery disease. For that 

reason, those at risk for a cardiac event were excluded from the study. In addition, other 

physiological abnormalities that could interfere with the outcome ofthe study, such as 

disease, past surgeries, soreness, and fatigue, warranted exclusion from participation. 

7 
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CHAPTER TWO 

Subjects 

Subjects for this investigation consisted of 104 healthy volunteers whose 

maximal handgrip strengths were tested. Participants were of both sexes whose ages 

ranged from 18 to 82 years. All of the testing was performed in north-central Indiana at a 

sports medicine clinic and at various private residences of the investigator and his 

associates. To ensure that a variety oflifestyles were represented, each subject was asked 

for the type of career that would best describe his life's work. The gender of the subject 

and the dominant-side arm was also recorded, for this was the arm that was tested. 

Instrument 

A dynamometer is a hydraulic device that is used to determine grip strength by 

measuring mechanical forces or torques by the elastic deformation produced. Maximal 

handgrip strength is the highest recorded measurement of three grasping trials using a 

dynamometer. In this study, this value was recorded in kilograms and represents the 

highest value of three trials for each of three positions. One adjustable Jamar hand 

dynamometer (serial no. 11265819) was used to measure grip strengths for three different 

shoulder positions. For every subject, the handle remained in the second of five 

positions. This is the suggested position and has been found in several studies to produce 

the highest results in subjects tested in all positions (Fess, 1987; Sammons-Preston, 1995; 

Stokes, 1983). The portable, hand-held Jamar Hydraulic Hand Dynamometer (Sammons

Preston™, Jackson, Michigan) uses a strain gauge to measure handgrip strength. The 
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subject holds the device with the gauge side away from sight, squeezes to the most of his 

capability, and relaxes. An analog gauge provides a means to record the grasping effort 

in increments to the nearest kilogram. The Jamar dynamometer has been found to be 

durable, reliable, and consistent, requiring minimal maintenance for many years 

(Bohannon, 1998; O'Driscoll et aI., 1992; Sammons-Preston, 1995; Stokes, 1983). 

Consequently, the Jamar is the most widely used instrument to measure maximal 

handgrip strength even though other devices exist. It is easy-to-use, relatively 

inexpensive, and has been used in countless studies. Standardized and regularly updated 

norms exist from research, and its clinical use has become widespread. As a result, the 

Jamar device has been considered the to give the most precise measurements of grip 

strength and has been the tool of choice among clinicians for the past several decades 

(American Society of Rand Therapist, 1981; American Society of Rand Therapists, 1992; 

Fess, 1987; Kirkpatrick, 1956; Mathiowetz et aI., 1984; Schmidt and Toews, 1970). The 

American Society of Rand Therapist recommends it for measuring grip strength in 

evaluating patients who possess disorders of the upper extremity. The dynamometer was 

regularly calibrated during this study by the approved method of suspending known 

weights from the device's handle (Fess, 1987). 

Procedures 

One investigator (the author) instructed all participants through the tests. Before 

data collection, potential subjects were screened to see ifthe inclusion and exclusion 

criteria were met. Each was asked to answer a short questionnaire (Appendix B) that 

included the following exclusion criteria: 
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1. Having a history of surgery/ recurring or current pain! current fatigue/ and/or soreness 

to the dominant side hand, wrist, forearm, elbow, upper arm, shoulder, or neck 

regions. 

2. Having strength trained the upper body within the past day. 

3. Having any known cardiac, pulmonary, and/or metabolic diseases. 

4. Having ever experienced a stroke. 

Possessing anyone of the above criteria eliminated an individual from 

participating in the study. 

After screening, an informed consent form was signed and the willing participant 

was instructed on how to correctly perform the handgrip test. They were to stand erect, 

holding the Jamar dynamometer with their dominant side hand. Three positions were to 

be tested: 1) above the head (frontal plane shoulder flexion-180°), 2) towards the front 

frontal plane shoulder flexion. - 90°), 3) down to the side (frontal plane shoulder 

flexion. - 0°). The subjects were allowed to use the wrist position that they would 

naturally use, but the arm was to be kept straight at the elbow at all times in each position. 

Every grip action was a quick, maximal effort. Subjects were told to squeeze the 

dynamometer until they felt that the maximal effort had been performed; then they could 

relax. The investigator then observed the analog gauge readout and recorded the amount 

of peak force produced. 

Each position was tested three times in a random order. To ensure randomization, 

a single die was rolled. The number on the die corresponded with a numbered list of 

ordered positions. To illustrate, since there are six different orders of possible 

combination, one number on the die represented one order (Table 1). Therefore, 
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- the subjects performed a series of three orders as directed Table 1. Randomization 
of position orders. 

1 up, down, front 
by rolling the die three times. Between each position, a 

2 up, front, down 

3 down, up, front 
brief, thirty-second pause occurred, while a two-minute rest 

was allotted between each trial. The rest breaks were 4 down, front, up 

5 front, down, up 
present in order to minimize the effect of fatigue that 6 front, up down 

occurs during repetitive, sustained isometric contractions. The best single effort of the 

three trials for each position was used for analysis. 

Data Analysis 

All data were reported as means and standard deviations. A 2-way (gender by 

shoulder position) ANDV A with repeated measures on the shoulder position main effect 

was used to analyze the data. Bonferroni t-tests were used to isolate specific differences 

that could be attributed to shoulder position. For all analyses, a p-value of < 0.05 was 

used to establish statistical significance. 
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CHAPTER THREE 

Results 

Individual results are found in Appendix D. In all, 104 apparently healthy 

subjects between 18 and 83 years of age and representing a wide variety oflifestyles by 

occupation took part in the study. Of the total number ofparticipants, 41 subjects were 

male with an average age of36.5 ± 15.0 and 63 subjects were female with an average age 

of 40.9 ± 14.9 years. 

Table 2 includes the results of the data analysis of maximal grip strength by 

gender and shoulder positions. A 2-way ANOV A was used to analyze the data. The 

results indicated that there was no significant gender by shoulder interaction. In essence, 

both groups showed the same variation in grip strength as the shoulder position changed. 

Significant main effects were found, however, for gender differences collapsed across the 

three shoulder positions, as well as positional differences collapsed across gender. The 

positional difference was further analyzed with a post-hoc test which indicated all three 

positions differed from one another as follows: above (1800 shoulder flexion) > down (00 

shoulder flexion) > front (900 shoulder flexion). 

Table 2. Maximal grip strength (kg) by gender and shoulder position. 
The data are presented as Mean ± Standard Deviation. 

Shoulder Male (n=41) Female All (n=104) 
Position (n=63) 

Down 
Front 
Above 

52.5 ± 8.4 
51.4 ± 7.7 
54.2 ± 8.0 

33.0 ± 7.0 
32.5 ± 7.8 
34.7 ± 7.7 

40.7 ± 12.2 
40.0 ± 12.1 
42.4 ± 12.4 
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Discussion 

The study was designed to examine the effect of three different shoulder positions 

on maximal handgrip strength in male and female sUbjects. Three results were found: 1) 

There was no significant gender by shoulder interaction. 2) There was a gender 

difference collapsed across the three shoulder positions. 3) There was a shoulder position 

difference collapsed across gender. 

The primary purpose of this study was to determine the effect of shoulder position 

on maximal handgrip strength. It was found that the subjects demonstrated the greatest 

strength when the shoulder was positioned at 180° compared to the other two positions. 

Likewise, the down position (0° flexion) resulted in a stronger grip compared to the front 

position (90°). In a previous study involving Chinese men and women, Su et al. (1994) 

reported that male grip strength increased as the angle of shoulder flexion increased 

(above> front> down). In females, grip strength was greatest in both the above and front 

positions compared to the down position. However, there was no difference between the 

above and front positions as was observed in the male subjects. 

This current study attempted to determine if the results ofSu et al. (1994) were 

also found in an American popUlation. Although the results were somewhat similar, there 

were key differences between the two investigations. The study by Su et al. (1994) found 

gender differences in the type of variation in grip strength for the three different positions. 

It was found in this study, however, that although the males were stronger in all positions 

than the females, the way they varied across the three positions was similar. For both 

sexes, the strongest grip strength was found when the shoulder was flexed above the head 
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at 180°. The second strongest position was with the arm down to the side at 0° shoulder 

flexion. Finally, the weakest maximal grip strength was with the arm out to the front at 

90° shoulder flexion. Su et al. had found the above position to result in the greatest grip 

strength for both sexes. The similarities between the two studies end at that, for the 

Chinese men and women differed on how the other positions ranked, and neither was 

found to be same as the position order found here. Su et al. suggested that these results 

were possibly biased due to cultural differences in physical activity level, height, weight, 

and the role of women in Chinese society and suggested that additional research on a 

more diverse population is needed to confirm its findings. As opposed to Americans, 

Chinese women do not work outside the households as frequently. Since the men and 

women in China typically do not share similar types labor, differences in the strongest 

shoulder position may be apparent. On the other hand, American men and women often 

work the same types of jobs. As a result of sharing the same types of day-to-day 

activities, similar variation across shoulder position, as was observed in the present study, 

might be expected. 

The order of shoulder positions that generate the greatest grip strength varied 

between the two studies. Nonetheless, both found the above shoulder position to allow 

the greatest amount of grip. To some, this may come as a surprise. For example, daily 

activity for most people, including those who took part in this study, probably does not 

involve much over-head work. From a survey of the occupations involved in this study 

(see Appendix D) one can speculate that, for the most part, the majority of daily work is 

performed either toward the front or down to the side ofthe body (such as working with 

objects in front of the body or lifting them from the ground). Muscles tend to adapt to 
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repetitive functions, and, consequently, they become stronger and more efficient to 

specific actions and movements (Hollinshead and Jenkins, 1981; Lehmkuhl and Smith, 

1986; Sherwood, 1997; Wilmore and Costill, 1999). Upon knowing this, it seems logical 

to say that since most daily activity involves the arms to the front or down the side of the 

body, then the grip strength associated with those positions would be greater than 

overhead. This, however, was not the case. 

An explanation of why the greatest grip strength was found above head could be 

because ofthe way the muscles of the shoulder are situated in that position. In order to 

understand this, a brief understanding of how muscles produce movement and generate 

force is needed. All of the skeletal muscles are generally the same in their overall 

makeup. The whole muscle is made up of bundles called fasciculi, which, in turn, are 

made up of muscle fibers. Each muscle fiber is a single cell composed of several 

structures. The contractile units of the muscle fiber are the myofibrils, which contain two 

protein filaments responsible for muscle action. These filaments, actin and myosin, are 

arranged as a set oflong bands lying parallel to each other in repeating units referred to as 

sarcomeres, which run the whole length of the myofibril. Each sarcomere is defined by a 

boundary known as the Z-disk. The actin filaments are physically attached to the Z-disk 

and extend toward the center of the sarcomere. The myosin filament is indirectly 

attached to the Z-disk by a protein structure called titin. The myosin filaments reside at 

the center of the sarcomere. When the motor neuron stimulates an action potential in the 

muscle fiber, cross bridges fonn in the gaps between the actin and myosin bands, pulling 

the actin, and thus the Z disks closer together. The action, multiplied a thousand times 

across a whole, single muscle fiber, multiplied more across the whole muscle, is what 



causes the muscle to shorten. When the cross bridges release the actin and myosin from 

each other, the muscle returns to its nonnal resting length. (Wilmore and Co still , 1999.) 
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There is a certain number of binding sites for the cross bridges to fonn, and the 

action ofthe myofibrils shortening results from the summation of the number of cross 

bridges that fonn during the contraction. In essence, the more cross bridges that are 

allowed to fonn, the stronger the contraction will be. The position of the actin relative to 

the myosin is the principle detenninant of the strength of muscle contraction. Hence, if 

the muscle is extended to its maximum length, less cross bridges are allowed to fonn 

because the actin is pulled away from a point of contact with the myosin. As a result, the 

amount of force one muscle can generate varies throughout its range of motion. For 

every muscle, there is an optimal length at which that particular muscle can achieve the 

maximal force. If a length-tension curve were plotted, it would be a bell-shaped curve 

with the peak torque at near resting position, and decreasing as the muscle lengthens or 

shortens (Sherwood, 1997; Wilmore and Costill, 1999). This length-tension relationship 

explains why during resistance exercises using free weights, it is usually more difficult 

during the movement where the exercised muscle is at its longest and shortest lengths. 

The length-tension relationship could offer some explanation as to why the 

shoulder position of 1800 resulted in the greatest grip strength. There are several muscles 

involved in shoulder flexion. The primary flexors include the deltoids, pectoralis major, 

coracobrachialis. Additionally, a number of other muscles act as synergists during the 

movement (VanDe Graaff, 2000). It is possible that, at 1800 of shoulder flexion, these 

muscles are situated at various lengths that, overall, put them in a position of collective 

optimal strength. If, however, this is not the position for maximal strength of the 
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shoulder joint in particular, perhaps it is for grip strength. Earlier, it was mentioned that 

synergist muscles aid other muscles in their primary action on joints by fixating others not 

involved in the action. It has been suggested that, although synergists may be located 

several joints away from the action, they may give additional torque on the joints 

involved in the action (Hollinshead and Jenkins, 1981; Lehmkuhl and Smith, 1986). This 

would result a more powerful contraction, such as full shoulder flexion allowing the 

highest maximal handgrip strength. 

A secondary purpose ofthis study was to examine gender differences in muscle 

strength across the three shoulder positions. It was found here that, although the men's 

averages were higher than the women's in each position, the way the averages varied 

across shoulder positions was consistent with each other. Gender differences in muscular 

strength have been the topic of many studies, and there is a general consensus as to why 

differences in strength exist (Cureton et aI., 1988; Frontera et aI., 1991; Hakkinen and 

Hakkinen, 1995; Iveyet aI., 2000; Schantz et aI., 1983). Although, for the most part, men 

are physically stronger than women, it is not an issue of muscle quality, but rather the size 

of the muscle. A larger muscle contains larger muscle fibers, meaning a greater amount 

of actin and myosin filaments are present and, therefore, a greater potential for cross 

bridges to form. As one example, a study by Schantz et aI. (1983) found that when 

strength was expressed per unit of muscle cross-sectional area, no significant strength 

differences existed between the genders. As a result of this and several other studies, it is 

generally accepted that men are stronger than women due their muscle fibers being larger 

(Wilmore and Costill, 1999). 



18 

Conclusion 

In summary, this study examined the relationship between three shoulder 

positions and maximal grip strength for 104 male and female SUbjects. Although there 

was no gender by shoulder position interaction, significant main effects for gender (males 

stronger than females) and shoulder position (above> down> front). The greater 

strength demonstrated in the above position may be attributed to the synergistic effect of 

the muscles supporting the shoulder in full flexion. This position may allow for an 

overall optimal length of all the muscles involved to generate the most force. The 

difference in maximal strength between males and females has been determined by 

previous studies to be because differences in muscle fiber size. Men tend to contain 

larger muscle fibers than women, resulting in the latter having less strength. 

Limitations 

The following limitations may have biased the results ofthis study: 

1. The study took place in a mid-west city of the United States; the lifestyles present in 

this geographic location may differ from other areas of the world. 

2. Visual observation was the only method used to measure the joint angles; a 

goniometer was not utilized. 

3. The subjects may have given a maximal effort during each repetition. 



Recommendations 

The following are recommendations for future research: 

1. A twin study to this in a different location to support or reject these results. 

2. A comprehensive study of grip using EMG analysis at multiple sites of the upper 

extremity and shoulder. 

3. A normative study similar to this using a larger and more diverse population. 
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CONSENT FORM 
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The Effect of Shoulder Position on Maximal Handgrip Strength 

The purpose of this research study is to detennine the effect of three different shoulder positions on 
maximal handgrip strength. For this project, you will be asked to fill out short health screening 
questionnaire and perfonn a three trials of hand grip tests using three different ann positions. A short rest 
period will take place between the sets. The whole procedure should not take more than ten minutes. 

26 

The information gathered from the health screening questionnaire as well as the results from the testing will 
be kept anonymous. The only data linking you to this study will be your signature at the bottom of this 
infonned consent form. Otherwise, there will be no additional identifiable data collected linking you to this 
study. 

The foreseeable risks or ill effects from participating in this study are minimal. The probability of a sudden 
cardiac event occurring is extremely low, especially ifno warning signs are present. For this reason, you 
should report any history of cardiovascular problems before the testing. Also, report any feelings of distress 
that may occur during the study. Other discomforts that may occur may include but are not limited to the 
following: increased perspiration, delayed onset muscle soreness, as well as increased heart rate. 

You will gain no immediate benefits from participating in this study. 

Your participation in this study is completely voluntary and you are free to withdraw from the testing 
procedures at anytime for any reason without penalty or prejudice from the investigator. Please feel free to 
ask any questions of the investigator before signing this fonn and beginning the study, and at anytime 
during the testing. 

For one's rights as a research subject, the following persons may be contacted: Ms. Sandra Smith, 
Coordinator of Research Compliance, Office of Academic Research and Sponsored Programs, Ball State 
University, Muncie, IN 47306. (765) 285-5070. 

It is understood that in the unlikely event of physical injury resulting from research procedures, Ball State 
University, its agents and employees, will assume whatever responsibility is required by law. Emergency 
medical treatment for injuries or illnesses is available where the injury or illness is incurred in the course of 
a study. 

***************** 

I, , agree to participate in the research study entitled, "The Effect of 
Shoulder Position on Maximal Handgrip Strength." I have had the study explained to me and my questions 
have been answered to my satisfaction. I have read the description of this project and give my consent to 
participate. I understand that I will receive a copy of this consent fonn to keep for future reference. 

Participant's signature 

Principle Investigator: 
Kevin M. Shafer 
Exercise Science Undergraduate 
Ball State University 
Logansport, IN 46947 
(574) 753-6506 
kevshafer@hotmail.com 

Date 

Faculty Supervisor: 
Anthony D. Mahon, Ph.D. 
Human Performance Laboratory 
Ball State University 
Muncie, IN 47306 
(765) 285-8693 
tmahon@bsu.edu 
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APPENDIXB 

EXCLUSION CRITERIA QUESTIONNAIRE 



Yes No 

[] [] 

[] [] 

[] [] 
above? 

[] [] 

[] [] 

[] [] 
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FormA 

Have you ever had a any type of surgery to your dominant side hand, 
wrist, elbow, arm, shoulder, or neck regions? 

Are you presently experiencing any pain, soreness, or fatigue to any of 
the above areas? 

Do you have a history of recurrent pain or fatigue to any of the 

Have you strength-trained your upper body in the past day? 

Do you have any known cardiac, pulmonary, or metabolic diseases? 

Have you ever experienced a stroke? 



APPENDIXC 

TESTING CHART 
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FormB #_--

Dominant Arm: Left Right (circle one) Age: ___ _ 

Sex: Male Female (circle one) Occupation: _______ _ 

Trial A (kg) Trial B (kg) Trial C (kg) Best (kg) 

Down 

Front 

Above 
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RAW DATA 
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Form Age Sex Dominant Occupation Best 
Number Arm 

Down Fro"t Above 

23 F R housewife 38 38 40 
2 19 F R student 37 36 38 

3 68 F R clerk 30 29 33 
4 39 F L Teacher asst. 34 28 32 
5 39 F R mngr 30 30 32 
6 40 M R PD 49 42 49 

7 18 M R student 41 42 40 
8 37 F R ace. payable 38 40 40 

9 38 M R craneopp. 43 42 46 
10 41 F R typist 26 25 28 
11 35 M R PTA 58 58 60 
12 28 M R trucker 56 56 60 
13 40 F R receptionist 32 32 36 
14 27 F R PTA 32 33 34 
15 22 M R server 54 52 55 
16 23 M R server 60 58 64 

17 28 M R PT 56 60 64 

18 27 M R iron worker 59 62 64 

19 45 F R RN 30 30 33 
20 44 M R plantmngr. 50 50 46 
21 27 M R cook 63 56 60 

22 21 M R student 49 46 48 
23 24 F R PT 37 40 37 
24 28 F R PTaide 36 40 39 
25 46 M R fireman 59 56 59 
26 76 F R trucker 20 20 18 
27 44 F R OT 32 32 33 
28 22 M R student 46 51 51 
29 21 F R student 46 48 50 
30 46 M R aceountant 57 55 59 
31 43 F R patient rep. 36 35 38 
32 37 M R PT 58 61 62 
33 26 F R correction 40 40 40 

of cr. 
34 42 F R office mngr. 37 37 36 
35 54 F R office mngr. 29 30 32 
36 39 M R guard 36 41 43 
37 20 F L student 43 39 45 
38 28 M R cook 59 57 63 
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39 24 M R loader 70 55 61 
40 18 M R student 37 45 48 
41 39 F R RN 25 28 26 
42 22 M R student 56 55 56 
43 19 F R store mngr. 28 24 30 
44 39 F R bartender 44 40 42 
45 39 F R design conslt. 38 35 38 
46 81 F R retired 22 21 22 
47 48 F R insurance 29 28 31 
48 82 F R retired 18 15 18 
49 54 M R auto sales 40 41 45 
50 74 M R retired 54 52 53 
51 48 M R man. labor 49 44 52 
52 61 F R secretary 28 22 32 
53 53 M R fin. consultant 46 42 46 
54 22 M R security 60 55 60 
55 53 F R jeweler 29 28 30 
56 35 F R PTtech 32 32 34 
57 29 F R PT 27 27 30 
58 49 F L PTA 45 45 44 

59 29 F R PT 38 37 39 
60 31 F R man. labor 40 46 55 
61 60 M R Hosp.OO. 56 54 57 
62 25 F R OT 27 27 28 
63 27 F R PTA 40 40 43 
64 42 F R MRS 28 16 24 

coordinator 
65 48 F R RN 30 30 32 
66 30 F L RN 37 34 33 
67 34 F R RN 31 28 32 
68 50 F R social services 38 40 46 

69 44 F R activity 00. 34 33 35 
70 50 F R caregiver 26 27 29 
71 42 F R RN 39 38 42 
72 38 F R CoTA 41 40 44 

73 33 F R RN 46 43 43 
74 49 F L RN 28 31 28 
75 29 F R clerk 44 48 46 
76 48 F R office mngr. 41 41 43 
77 37 F R receptionist 30 28 31 
78 42 F L secretary 32 31 32 
79 36 F R Nurse aide 30 32 37 
80 49 M R surgeon 49 53 53 
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81 49 F R RN 26 22 26 
82 66 F R typist 20 20 20 
83 28 M R man. labor 67 65 68 
84 22 M R student 48 47 50 
85 39 M R construction 59 55 63 
86 53 F R accoWltant 27 29 32 
87 52 F R mother 31 29 34 
88 23 M R student 60 59 62 
89 73 M R navy 37 38 38 
90 44 M R teacher 51 44 52 
91 53 M R investor 53 51 54 
92 18 M L student 58 60 61 
93 26 M R EMT 42 41 44 

94 18 F R wms 38 40 40 

95 62 F R resource cood. 20 18 18 
96 35 F R paramedic 30 31 33 
97 26 M R paramedic 67 68 68 
98 58 F R RN 27 30 31 
99 49 M R security 49 54 48 
100 25 F R EMT 49 48 47 
101 44 M R MD 46 42 45 
102 46 F R paramedic 32 32 34 
103 60 M R housekeeping 46 42 45 
104 21 F R mother 34 32 35 


