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Abstract 

Effects of Fat Gripz™ Training by Female University Students on Hand Grip 

Strength and Maximal Deadlift 

Harley C. Rogers, MS 

Stella Lucia Volpe, PhD, RD, LDN, FACSM 

The deadlift is a full body exercise that is incorporated into weight training 

programs to maximize muscular strength. Research has shown that deadlift 

training programs, based on multiple sets of fewer repetitions with heavier 

weight loads, elicit greater strength adaptations than conventional body building 

programs. While the large muscle groups of the body are heavily taxed during 

the performance of the deadlift, the ability of the trainee to maintain grip 

strength is a limiting factor that leads to the employment of mechanical 

ergogenic aids (i.e., lifting straps) in an effort to compensate for this strength 

imbalance and complete the movement. Therefore, training the finger flexors, 

specifically the flexor digitorum superficialis, with the use of a Fat Gripz™ 

augmented Olympic barbell, might lead to increased grip strength, and a greater 

change in deadlift five-repetition-maximum (5-RM). In this study, female 

university students were matched for hand grip strength and then randomly 

assigned to complete an eight-week deadlift training program using only an 

Olympic barbell (control group) or an Olympic barbell with Fat Gripz™ 
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(intervention group). The primary aims of this research were to: (1) evaluate 

hand grip strength, measured by a grip force transducer; (2) compare 5-RM 

improvement following training with and without Fat Gripz™; (3) quantify the 

flexor digitorum superficialis muscle’s adaptation to deadlift training using 

electromyography (EMG) analysis; and, (4) analyze the interaction of protein and 

energy intake with improvements in hand grip and 5-RM strength.



             1  

CHAPTER 1: SPECIFIC AIMS AND HYPOTHESES 

 Fat Gripz™ are a training tool used to promote forearm strength and 

improve hand grip strength. They are cylindrically shaped with a slit down the 

longest side. This design allows them to be placed over any barbell or dumbbell 

to augment grip circumference, and therefore, purposefully increase the 

performance difficulty of an otherwise manageable movement (i.e., barbell 

deadlift). The barbell deadlift is a compound movement that requires sufficient 

hand grip strength to perform the movement. The researcher conducting this 

study aimed to identify if consistent use of Fat Gripz™ during deadlift training 

was an effective way to enhance grip strength without compromising deadlift 

power.  

Specific Aim #1: To examine the effect of using Fat Gripz™ with a barbell 

deadlift, compared to training without Fat Gripz™, on hand grip strength 

measured by a grip force transducer, following eight weeks of training 

performed by female university students and faculty and staff members. 

Hypothesis #1: It was hypothesized that participants who trained with Fat 

Gripz™ would have greater baseline to post-intervention change in grip 

strength, greater post-intervention hand grip strength, and have faster half-times 

to peak (not included), measured by grip force transducer, than those who do not 
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train with Fat Gripz™. Based on the findings of the study, the author determined 

that including a half-time to peak force index would not be a relevant 

contribution to the paper, and therefore was not calculated. 

Specific Aim #2: To examine the effect of using Fat Gripz™ with a barbell 

deadlift, compared to training without Fat Gripz™, on a five-repetition-

maximum (5-RM) test, following eight weeks of training performed by female 

college students and faculty and staff members. 

Hypothesis #2: It was hypothesized that participants who trained with Fat 

Gripz™ would have a greater baseline to post-intervention change in 5-RM 

barbell deadlift than those who do not train with Fat Gripz™. 

Specific Aim #3: To examine the effect of using Fat Gripz™ with a barbell 

deadlift, compared to training without Fat Gripz™, on flexor digitorum 

superficialis peak and median frequencies measured by electromyography 

(EMG) following eight weeks of training performed by female college 

students and faculty and staff members. 

Hypothesis #3: It was hypothesized that participants who trained with Fat 

Gripz™ would have greater peak and median frequencies of the power 

spectrum, measured by EMG activity, compared to those who do not train with 

Fat Gripz™. 
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Removal of Specific Aim #3: Electromyography analyses of participants’ flexor 

digitorum superficialis muscles were not included in the results of the study. At 

the time of analysis, the quality of EMG data recorded were too variable to be 

confidently relied upon. Three out of the 13 participants tested had an adequate 

signal to noise ratio (≥ 3:1), along with baseline and post-intervention data points 

for both arms. All other participants had unanalyzable data points in one or both 

arms at either baseline, post-intervention or both data collection points.  These 

unanalyzable data points were the result of excessive noise obscuring the activity 

of the muscle, likely a result of less than optimal electrode site preparation (skin 

sanitation/abrasion and gel application) and EMG lead orientation in relation to 

the data acquisition system putting detectable strain on the electrodes.  

Specific Aim #4: To assess whether an association exists between average daily 

energy intake and the change in hand grip strength measured by a grip force 

transducer and a 5-RM test in female college students and faculty and staff 

members. 

Hypothesis #4: It was hypothesized that average energy intake will be associated 

with changes in both hand grip strength and 5-RM. 

Specific Aim #5: To assess whether an association exists between average daily 

protein intake and change in hand grip strength measured by a grip force 
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transducer and 5-RM in female university students and faculty and staff 

members. 

Hypothesis #5: It was hypothesized that protein intake would not be associated 

with either changes in hand grip strength measured by a grip force transducer or 

5-RM. 

Why assess Fat Gripz™ training on measures of hand grip strength? 

 Fat Gripz™ are weightlifting training tools used to challenge grip 

musculature and promote grip strength adaptations. They are designed to be 

placed over the gripping area of any barbell or dumbbell, which increases the 

barbell circumference to that of a thick barbell. This challenges grip musculature 

to a greater degree compared to the same movement without Fat Gripz™ (e.g., 

barbell deadlift).1 Some researchers have reported that thick barbells “appear to 

provide a novel stimulus for overloading grip musculature”1; however, it is 

unknown if training with thicker barbells may increase multiple repetition 

maximum (RM) performance in the long term.1 In a study on grip force 

production when grasping various handle circumferences, Blackwell et al.2 

observed that raw hand grip force declined as the handle diameter to grasp 

increased. However, they did not examine changes in maximal grip force 

production in response to training.2  To date, there appears to be one study, 
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unpublished or otherwise, that has been completed involving the effects of 

training with Fat Gripz™. The results of this one study have shown a trend 

towards greater grip strength, when using Fat Gripz™.3  

Why test deadlift five-repetition-maximum (5-RM)? 

 Data show that maximal strength training is superior to conventional 

training in improving a trainee’s muscular strength, and therefore, one-

repetition-maximum (1-RM). Maximal strength training involves lifting loads 

heavier than 80% of a trainee’s 1-RM for four to six repetitions per set, with 

approximately three-minute rest periods in between sets. In contrast, 

conventional training, which involves using lighter loads, usually consists of 

three sets of 10 repetitions with two minutes of rest.4-6 For this study, a multiple-

RM test (5-RM) were performed instead of 1-RM. Multiple-RM testing is 

considered a safer and more accurate test of strength for beginners, and is a 

common testing method for experienced athletes entering a strength training 

program.7 

Why an eight-week training protocol? 

 Previous research has shown that eight weeks of training is a sufficient 

time period for measureable improvements in maximal strength to occur.4,6,8 

Heggelund and colleagues4 conducted an eight-week knee-extension resistance 
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training study using two different training protocols; maximal strength training 

or conventional training. Each participant (n = 8), 26 ± 1 years of age, had one leg 

randomized to the maximal strength training protocol while the remaining leg 

performed the conventional training protocol. After analyzing the data, 

Heggelund et al.4 concluded that maximal strength training increased 1-RM 

maximal strength on the knee extension more than conventional training to a 

statistically significant degree (p = 0.002).4 Campos and colleagues5 randomly 

assigned male participants (n=32),  22.5 ± 5.8 years of age, into one of three 

different resistance training groups ( 3- to 5-RM group, 9 – to 11-RM group, and 

20- to 28-RM group). After eight weeks of training, the 3- to 5-RM group had 

significantly heavier squat (p < 0.05) and leg press (p < 0.05) 1-RMs compared to 

both the 9- to 11-RM and 20- to 28-RM groups.5  

Schoenfeld and colleagues6 randomly assigned male participants (n=17), 

23.2 ± 2.7 years of age, to either a strength training group (seven sets of three 

repetitions with heavier loads) or a conventional training group (three sets of 10-

RM). After eight weeks of training, the researchers observed a significant positive 

difference in 1-RM bench press strength (p ≤ 0.05), with a trend towards 

increased 1-RM squat strength with strength training.6  
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Morrissey et al.8 conducted a seven-week study, where they examined the 

importance of velocity in resistance training in 24 women, 24 years of age. These 

women performed the barbell squat with 0° to 100° of knee flexion angle three 

times per week. The participants performed three sets of their individual 8-RM 

each session after warming up and under supervision. The squats were 

performed in one of either two velocity conditions; slow speed, which consisted 

of two seconds up and two seconds down, or fast speed, which consisted of one 

second up and one second down. The researchers concluded that the fast 

training group significantly improved compared to the slow training at all test 

velocities (p < 0.05); however, 1-RM squatting performance improved at a similar 

level for both.8 Based on the results of these studies, an eight-week training study 

should be sufficient duration to detect strength differences in women.  

Why study electromyographic (EMG) activity of the flexor digitorum 

superficialis? 

 Electromyographic analysis of the flexor digitorum superficialis muscle, 

the most superficial of the dedicated finger flexors, is unlikely to be significantly 

contaminated by cross-talk (adjacent muscle activity) during a static assessment.9 

The flexor digitorum superficialis muscle is a significant contributor to the 

formation of a power grip, which is employed during the performance of the 
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barbell deadlift.2 A power grip is defined as the “forcible activity of the fingers 

and thumb acting against the palm to transmit force to an object”10, and it is 

formed during the performance of the deadlift. Presently, there are no published 

studies using EMG to evaluate the adaptation of the flexor digitorum 

superficialis to deadlift training when hand grip circumference is varied during 

training. 

Why study female college students and faculty and staff members? 

 The target population of University female students and faculty and staff 

was chosen for convenience because this study was conducted on a University 

campus. Participants in this study had varied training experiences. This was 

because data show that muscular strength significantly increases in an untrained 

population within eight weeks regardless of training methodology.8,11 Finally, 

most researchers who have conducted training studies have included male 

participants, and only a small number of researchers have used mixed gender 

samples.11-13 Having an all-female sample complete a deadlift training protocol 

aimed at identifying 5-RM deadlift grip strength differences was the first study 

of its kind.  
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Why collect dietary information? 

 Diet has been shown to affect hand grip strength, specifically, average 

daily total energy and protein intake. Huang et al.14 discovered a positive, 

independent association between hand grip strength and breakfast consumption; 

participants who consumed breakfast frequently not only had significantly 

greater hand grip strength than those who skipped breakfast (p = 0.024), but 

consistent breakfast eaters also had the highest estimated energy intake.14 Thus, 

energy intake of participants was assessed to determine if a correlation exists 

with either their post-intervention hand grip or 5-RM deadlift strength. 

Muscular growth requires a positive nitrogen balance, and thus, protein 

intake is also an important dietary factor to consider during strength training. In 

a 12-week resistance training study with collegiate power athletes, researchers 

determined that positive nitrogen balance was achieved with a protein intake of 

between 1.6 to 1.8 g/kg/day.15 Consequently, protein intake of participants in this 

study was examined to determine if a correlation exists with either their post 

intervention hand grip or 5-RM deadlift strength. 

What changes are expected? 

 At the conclusion of the study, it was expected that participants who 

trained with Fat Gripz™ would have greater absolute grip strength and a greater 
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within group change in their grip strength, both measured by a grip force 

transducer, than participants who did not train with Fat Gripz™. It was also 

expected that the Fat Gripz™ group would have a greater change in 5-RM 

deadlift but will have a lower post-intervention 5-RM deadlift than participants 

who did not train with Fat Gripz™. This was because the control group will be 

deadlifting with heavier weights than the Fat Gripz™ group from the start of the 

study, thus facilitating overall strength adaptations. Furthermore, it was 

expected that participants who trained with Fat Gripz™ would have a greater 

median and peak power frequency, measured by EMG, than those who did not 

train with Fat Gripz™ (this change was unable to be analyzed and consequently 

was not included in the results of the study). 

The following section presents relevant research regarding deadlift 

strength training, hand grip strength, EMG analysis, and nutrition 

considerations, and substantiates the need for this proposed study. 
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CHAPTER 2: LITERATURE REVIEW 

Introduction 

 This chapter will introduce research findings in the following order: (1) 

the importance of grip strength will be mentioned; (2) the deadlift exercise will 

be presented, followed by maximal deadlift strength training; (3) the primary 

muscles contributing to hand grip, will be followed by the effect of wrist 

positions on hand grip force generation; (4) optimal body proportions for 

performing the deadlift will be discussed; (5) the effects of exercise velocity on 

training adaptations will be mentioned; (6) three pertinent electromyographic 

analyses of the finger flexor muscles will be summarized; (7) the effect of protein 

and energy intake on muscular strength will be discussed, as well as measuring 

body composition with the use of the Dual Energy X-Ray Absorptiometry (DXA) 

scan; (8) a description of the health benefits of improved hand grip strength; and 

(9) a conclusion of how these separate findings will substantiate the importance 

of this research project. 

The Importance of Grip Strength 

 Without the use of mechanical ergogenic aids (i.e., lifting straps), the 

ability of the trainee to make considerable 1-RM deadlift improvements is 

heavily dependent upon her/his grip strength.1,16 A trainee may have the 
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requisite truncal and/or lower extremity strength to perform the deadlift; 

however, if force production of the finger flexors against the barbell is 

insufficient, the attempt will end in failure. Therefore, an overview of the 

importance of grip strength is warranted. 

 Grip strength is dependent upon several factors, including: size of the 

item to be gripped in relation to hand size; the strength of the finger flexor 

muscles, notably the flexor digitorum superficialis2 and flexor digitorum 

profundus10; the presence or absence of the flexor digitorum superficialis tendon 

of the fifth finger;17 position of the wrist;18 and the ability of the wrist extensors to 

provide stability.1,16  

 A participant’s hand size (i.e., finger lengths, finger spans, and perimeters) 

can significantly affect hand grip strength and performance of the deadlift.19 

Therefore it is a common anthropometric measurement in studies involving 

either grip strength or the deadlift.1,2,20,21 Ratamess et al.1 studied the effect of 1-

RM testing with barbells of different diameters (i.e., 2.8 cm Olympic barbell, 5.08 

cm barbell, and a 7.62 cm barbell) on four pulling exercises (deadlift, bent-over 

row, upright row, and arm curl) and two pushing exercises (bench press and 

shoulder press). Resistance trained men (n = 11), 20.1 ± 1.6 years of age, 

participated in the study. Over the span of six sessions, the participants 
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performed 1-RM testing on each exercise using all three barbells. Results 

revealed that heavy pulling exercise strength greatly decreased as barbell 

diameter increased. In comparison to the Olympic barbell, deadlift 1-RM 

strength using the 5.08 cm barbell decreased by 28.3% (p = 0.06). When 

participants used the 7.62 cm barbell there was a 55% reduction in strength (p = 

0.04). This trend was also observed with the upright row exercise: a substantial 

reduction of 8.9% was observed with the 5.08 cm barbell (p = 0.04), and a 37.3% 

reduction was observed with the 7.62 cm barbell (p = 0.01). No noteworthy 

strength findings were discovered with any of the other four exercises.1 Stated 

alternatively, as the handle size of the item increased, gripping performance 

during the two heavy pulling exercises was negatively impacted.  

 Blackwell et al.2 identified that maximal grip force is directly related to the 

length of the finger flexors after grasping an object. Finger flexors that are near 

resting length after grasping an object have the near maximal number of cross-

bridge attachments, and therefore can generate maximal force. Right handed 

males (n = 18), age = 25.8 ± 3.6 years, with an average hand size of 19.3 ± 0.9 cm, 

had their hand grips tested by hand dynamometer with four different handle 

circumferences (i.e., 10 cm, 13 cm, 16 cm, and 18 cm). Participants were able to 

exert significantly more hand grip force on the 16 cm (significantly greater than 

18 cm, p < 0.008), 13 cm, and 18 cm circumference handles, in that order, 
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compared to the smallest handle circumference of 10 cm (p < 0.008). Grip sizes 

that caused the length of the finger flexors to be too short or too long, caused a 

reduction in the number of cross-bridge attachments and thus, absolute grip 

force. Maximal grip force generation has also been shown to be associated with 

independent innervation of the small finger by the flexor digitorum 

superficialis.17  

 The flexor digitorum superficialis is usually connected to all four fingers 

via an independent tendon, and it is responsible for finger flexion at the point of 

the middle phalanges. Considered a reserve muscle, its involvement in a power 

grip is directly proportional to the force required to grasp an object.10 However, 

for the small finger (i.e., fifth digit) there exists natural variance within the 

general population: the flexor digitorum superficialis of the small finger is 

occasionally connected to the ring finger or completely absent.17 In contrast to 

participants who had independent innervation at the small finger, Bowman et 

al.17 observed a significant strength reduction in participants who had either 

flexor digitorum superficialis interconnection at the ring finger (i.e., fourth digit), 

or complete absence of innervation at the small finger (i.e., fifth digit). Compared 

to the group with independent fifth digit flexor digitorum innervation, 

participants without fifth finger flexor digitorum superficialis innervation were 

approximately 3.1 + 0.995 kg weaker (p = 0.0202) in hand grip strength. 
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Participants with an interconnection at the fourth finger were approximately 3.7 

+ 0.723 kg weaker (p = 0.0034) than the independent innervation group.17  

 In a study of male participants (n = 30),  30.0 ± 10.0 years of age, Hazelton 

et al.22 instructed participants, in randomized order, to perform two force 

measurements from each phalanx in each wrist position on a hand 

dynamometer.  Independent of wrist position, the researchers reported that the 

percentage of force contribution by each finger remained constant: flexion of the 

first and third fingers each contributes approximately 25% of total hand grip 

force; the long finger accounts for roughly 33.5% of total force; and flexion of the 

little finger contributes 16.5%. Total power generation, however, was found to be 

directly related to wrist position; ulnar deviation allowed for the greatest total 

force production at the distal and middle phalanx while volar flexion produced 

the least.22  

In addition to the flexor digitorum superficialis, the flexor digitorum 

profundus also contributes to finger flexion, and therefore, is an integral 

component of the power grip. Anatomically, the flexor digitorum profundus 

inserts onto the base of the distal phalanges of the fingers, and is therefore 

responsible for finger flexion of the distal interphalangeal, proximal 

interphalangeal, and metacarpophalangeal joints. Kaufmann et al.10 noted that 
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finger-to-handle maximal gripping strength was achieved at the distal 

interphalangeal joint, which is between the optimal sites for flexor digitorum 

superficialis and flexor digitorum profundus. However, for the flexor digitorum 

superficialis and flexor digitorum profundus to confer maximal strength to the 

power grip, the wrist has to be in an optimal position.10 

Wrist position and the extent of the wrist extensors’ engagement during a 

power grip notably affects grip strength. Research has shown that wrist 

extension between 20° and 45° is associated with maximal gripping force, which 

is thought to be the result of the superior muscle length-tension relationship of 

the finger flexors and the tension development of the finger extensors within that 

range.18 More specifically, 35° of wrist extension, 7° of ulnar deviation and 

neutral rotation have been identified as the optimum positions for maximal grip 

strength.21  O’Driscoll et al.21 also concluded that optimum wrist position did not 

vary by sex or hand dominance, and that it was naturally selected by participants 

during unconstrained hand grip testing. 

In previous studies, researchers have shown that, during a power grip, the 

tonic activity (graded response) of wrist extensor muscles, specifically the 

extensor carpi ulnaris and extensor digitorum communis, provide postural 

stability by stabilizing the wrist, the head of the ulna, the metacarpophalangeal 
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joints, and balance the force of the contracting flexors.18,23 Therefore, the overall 

strength of the contacting wrist flexors during a power grip is dependent, to an 

extent, on the strength and ability of the wrist extensors to maintain the length-

tension relationship.24  

To date, at least several EMG studies on flexor digitorum superficialis and 

flexor digitorum profundus activation during strength testing have been 

published.9,23,25-27 However, only the three most relevant to this proposed study 

are mentioned below.9,25 

The Barbell Deadlift 

 The barbell deadlift is a multi-joint, total body exercise that places 

considerable stress on the muscles of the lower back, legs, and hips, while 

activating all the major muscles of the body.11, 28 The conventional style deadlift is 

executed by first gripping a barbell on the floor from a squat position, with either 

both palms facing the barbell or a mixed grip (one palm facing the barbell, the 

other palm facing the person). The barbell is kept close to, but does not touch, the 

shins. Feet are shoulder width apart and pointing forward. Arms are just outside 

of the thighs, and the cervical spine is in a neutral position. Then, by maintaining 

an extended, rigid spine, the barbell is lifted from the floor in a continuous 

motion by forcefully extending the hips and knees until the body is in a fully 
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erect position. At this point, the barbell is then lowered to the floor.11,28,29,12 The 

barbell deadlift can also be performed in the sumo style. The sumo style differs 

from the conventional style by having the participant’s feet farther apart and 

turned out, and arms placed inside the knees.30 Performing the barbell deadlift in 

either style requires dozens of muscles co-contracting through a large range of 

motion, and therefore, because of its efficiency in taxing the body, it is 

incorporated into strength training and rehabilitation programs as a safe way to 

enhance back, quadriceps, hamstrings, and hip strength.12,30  

Effects of Maximal Strength Training 

Data show that maximal strength training, which utilizes loads heavier 

than 80% of a trainee’s one-repetition-maximum (1-RM), four to six repetitions 

per set, with approximately three-minute rest periods, is superior to 

conventional training (i.e., three sets of 10 repetitions, with two minutes of rest) 

in improving muscular strength, and therefore 1-RM.4-6  Heggelund et al.4 

studied the change in single leg extension 1-RM following either eight weeks of 

conventional training (i.e., three sets of 10-RM, one minute rest between sets) or 

maximal strength training (i.e., weekly alternation of four to five sets of 5-RM, 

three minutes rest between sets). The sample consisted of 10 healthy, non-

smoking, male participants with a mix of training experiences. After eight weeks 
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of training, 1-RM significantly increased in the maximal strength training 

compared to the conventional training group; 50% compared to 35%, 

respectively (p = 0.002).4  

Campos et al.5 examined the effects of eight weeks of training, twice a 

week for the first four weeks, then three times a week for the last four weeks. 

Using different repetition ranges and loads for leg press, leg extension, and 

squats, with respect to 1-RM and maximal repetitions. Untrained men (n = 32), 

22.5 ± 5.8 years of age, were randomly assigned into a non-exercising control 

group, a high repetition group (20 to 28-RM for two sets, with one minute of rest 

between sets), an intermediate repetition group (9 to 11-RM for three sets, with 

two minutes of rest between sets), and a low repetition group (3 to 5-RM for four 

sets, with three minutes of rest between sets). After eight weeks of training, leg 

press and squat 1-RM for the low repetition group were significantly greater than 

all corresponding post-training values (p < 0.05). For the leg extension exercise, 

the low repetition group was only significantly greater than the high repetition 

and control groups (p < 0.05).5   

Schoenfeld et al.6 evaluated a group of men, 23.2 ± 2.7 years of age, with 

consistent lifting experience for at least a year. Participants were pair- matched 

according to baseline strength, and subsequently assigned to either a strength 
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training routine group (seven, 3-RM sets with three minutes of rest between sets) 

or hypertrophy training group (three, 10-RM sets with 90 seconds of rest 

between sets). Three exercises (out of a pool of nine) were performed each 

session (three sessions per week) for eight weeks. After eight weeks, significant 

increases in strength occurred for both groups. However, the strength training 

group had a non-significant increase in squat 1-RM compared to the hypertrophy 

group (p = 0.19). After adjusting for baseline values, the strength group had a 

significantly greater 1-RM bench press compared to the hypertrophy group (p < 

0.05). These results indicate that, when total volume is controlled, training with 

heavier loads and more rest between sets is more efficient at maximizing 

strength gains in well-trained individuals.  

Crewther et al.31 evaluated training variables (volume, technique, and 

load) in resistance-trained men (> 2 years of training), 26.6 ± 6.7 years of age. In 

the first session, all participants had their 1-RM tested in both the isoinertial 

supine squat and Smith squat. The supine squat consists of a 300-kg, pin-loaded 

weight stack attached to a sled on low-friction sliders that only allows horizontal 

movement. In contrast, the Smith squat only allows vertical movement, and 

weight plates are added to increase the resistance. During the following three 

sessions, participants randomly completed three training protocols: maximal 

strength, power, and hypertrophy. The maximal strength protocol consisted of 
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six sets of four repetitions at 88% 1-RM, with four minutes rest between sets. The 

power protocol consisted of eight sets of six ballistic jump squat repetitions at 

45% 1-RM, with three minutes of rest between sets. The hypertrophy protocol 

consisted of 10 sets of 10 repetitions at 75% 1-RM, with two minutes of rest 

between sets. Two to three days of rest were given in between each session. 

Significant findings included: single repetition forces increased with load 

intensity (p < 0.001); the hypertrophy scheme produced the greatest forces when 

comparing total repetition data (p < 0.001); no significant contraction times were 

observed for the 88% and 75% 1-RM protocols (p > 0.05); the hypertrophy scheme 

had significantly longer total repetition contraction times (p < 0.001); for the 

concentric phase of the squat, the 88% 1-RM load produced greater work (work = 

force x distance) than either the 45 or 75% 1-RM loads (p < 0.001).31  

On the basis of single repetitions, if the most important training variable 

was the load moved, training with greater-load intensity would be superior to 

lighter-load training in all areas tested.31 However, total volume and workout 

technique also play important roles in providing potent stimuli for muscular 

adaptations.  High repetition, and thus high volume, workouts increase the 

overall time that muscles are under tension (contraction times) and the total load 

moved (total forces); important variables to consider for muscle hypertrophy. 

Furthermore, different lifting techniques are capable of generating different 
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forces. For example, ballistic movements increase the acceleration time through 

the concentric phase of a movement, thus increasing force by increasing velocity. 

Additionally, ballistic training might stimulate high-velocity adaptations that 

may prove to be more beneficial in a sporting event; especially if the training 

velocity is similar to the actual movement velocity.31 These results suggest that 

beyond training loads, volume and technique are important variables to consider 

when attempting to stimulate muscular adaptations. 

Body Proportions affecting Deadlift Performance 

  Ability to perform the deadlift is also affected by an individual’s body 

proportions.32 Hales32 analyzed deadlift mechanics and identified anthropometric 

combinations that would be biomechanically advantageous for completing the 

deadlift in both the conventional style (shoulder width stance, bent over torso) 

and the sumo style (beyond should width stance, more upright torso). The 

following segment length combinations, in no particular order, were identified as 

best for the conventional deadlift and are expressed as a percentage of body 

stature: elongated torso (> 32%) /elongated arms (> 38%); short torso (< 

32%)/elongated arms (> 38%); average torso (32%)/elongated arms (> 38%); short 

torso (< 32%)/short arms (< 38%); and elongated torso (> 32%)/average arms 

(38%).32 These combinations are biomechanically advantageous because they: (1) 
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reduce the vertical distance the barbell must travel, decreasing the amount of 

muscular work required; and (2) reduce the length of the resistance lever arm(s), 

reducing the torque and work required to perform the lift.20 Therefore, for an 

athlete training to maximize deadlift strength, it would be beneficial to measure, 

stature, torso length, and limb lengths to have each athlete perform the deadlift 

in the most biomechanically efficient style.32 

Exercise Velocity Affecting Maximal Strength 

 Performing an exercise with greater concentric phase velocity (i.e., 

acceleration against gravity) has been shown to confer additional strength 

benefits than performing the same exercise with the same load at a reduced 

velocity.8,33 In a seven-week study, Morrissey et al.8 examined the importance of 

velocity in resistance training.  These researchers had 24 women of college age 

perform the barbell squat (0° to 100° of knee flexion angle) three times per week. 

The participants performed three sets of their individual eight repetition 

maximum each session after warming up and under supervision. To ensure that 

a true eight repetition maximum was being used, weight was added to the next 

set if the participant was able to lift the barbell more than eight repetitions. The 

squats were performed in one of either two velocity conditions: 1) slow speed, 

which consisted of two seconds up and two seconds down, or 2) fast speed, 
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which consisted of one second up and one second down. Vertical and long jump 

distance, as well as squat 1-RM for both velocity conditions were measured at 

baseline and post-training. Data indicated that for the vertical jump variables 

measured, velocity training had a differential effect. However, all long jump 

variables examined were superior for the fast training group (p < 0.05), and the 

power ratio of the fast to slow squat at the ankle, knee and hip joints, were 2.93, 

2.43, and 1.67, respectively. Comparatively, both conditions significantly 

improved squatting performance at a similar level: the fast and slow groups 

improved in the slow squat test by 31% ± 18% and 26 ± 13% respectively (p < 

0.05), while the fast and slow groups improved in the fast squat test by 26% ± 

22% and 30% ± 30%, respectively (p < 0.05); 1-RM barbell squat was not 

significantly different between the slow group and fast group.8 While results 

indicate velocity training is effective at stimulating advantageous muscular 

adaptations involved in certain explosive movements (i.e., long jump), they do 

not support velocity training as a superior technique for increasing a 1-RM 

barbell squat.   

 When utilizing velocity training in research, it is important to ensure that 

the desired movement is performed at the intended tempo. One way to 

accomplish this is with the use of a metronome, which has been shown to be an 

effective training tool for ensuring consistent velocity across all participants.34 
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Over two sessions, Moras et al.34 tested 15 trained male participants,  23.3 ± 3 

years of age, on 1-RM bench press and their abilities to perform five repetitions 

using 50%, 70%, and 90% of maximum metronome rhythm with two different 

loads (40% and 60% of 1-RM) during the concentric phase of the bench press. The 

metronome was validated against the use of a linear encoder (a tool that 

measures vertical displacement) attached to the barbell. The results yielded a 

statistically significant correlation between the mean velocity computed for both 

the linear encoder and metronome method for all protocols (r = 0.80 to 0.95). The 

correlation was found to be higher (r > 0.86) when using the heavier 60% 1-RM 

load.34  Together, these findings demonstrate that: (1) performing resistance 

exercises at higher velocities yield added training benefits not experienced at 

slower velocities; and (2) the metronome is a valid tool for ensuring consistent 

concentric and eccentric exercise phase velocities, especially when performing 

multiple repetitions with moderate loads. 

 Swinton et al.33 analyzed the effects of performing maximal and 

submaximal velocity deadlifts with and without the inclusion of additional 

resistance from the use of chains. Chains are attached symmetrically to both ends 

of a barbell and rest on the floor at the starting height of an exercise. As the lifter 

raises the barbell away from the floor, the chains add progressively greater 

resistance as they too are lifted from the floor. In this way, chains are used to 
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increase force production at the latter stages of the concentric phase of a 

movement (e.g., deadlift).33 Resistance trained athletes (n = 23) with a mean 

training experience of 10.7 ± 4.1 years, 26.8 ± 5.9 years of age, performed 1-RM 

deadlift testing, which was followed by 30%, 50%, and 70% 1-RM deadlift 

performance under four different conditions in a subsequent session. The four 

conditions were: 1) submaximal speed, 2) maximal speed, 3) maximal speed with 

20% 1-RM chains, and 4) maximal speed with 40% 1-RM chains. Swinton et al.33 

discovered that the magnitude for all variables, with the exception of impulse 

(force and duration of muscular action), were significantly increased by 

performing maximal speed repetitions (p < 0.05).  The inclusion of chains 

significantly increased peak force and pulse (p < 0.05), while significantly 

decreasing peak velocity and peak power (p < 0.05).33  

 Different training schemes considerably affect force and impulse 

productions. However, if impulse production impulse production is the most 

important stimulus for maximizing strength gains, heavy-load training is 

superior both on the basis of single repetitions and when volume is controlled for 

across workouts.31 The above findings further substantiate heavy-load training 

(about 88% 1-RM, with a four-minute rest between sets) as superior in 

maximizing force production when total volume is controlled, compared to 

training with more repetitions of lighter loads and less rest.  
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EMG Analysis of Finger Flexors 

 Johanson et al.23 used EMG analysis to identify the timing of the activities 

of 10 forearm muscles in 10 participants (five females, 29 to 65 years of age) 

during a power grip of a standard household hammer (0.81 kg, 9.8 cm 

circumference). During EMG testing, a participant was seated at a table and 

instructed to grasp a household hammer in one of four specific elbow and 

forearm orientations: 1) elbow flexion and forearm neutral, 2) elbow flexion and 

forearm pronated, 3) elbow extended and forearm neutral, and 4) elbow 

extended and forearm pronated. The participant was then instructed to return 

the hammer to the examiner; each participant was tested in all four orientations. 

The results of the EMG testing showed that the two most active muscles during 

the grasping phase of the hammer were the flexor digitorum profundus (100% of 

the 40 EMG observations and the flexor digitorum superficialis (88%, of the 40 

observations).23 Thus, the two primary muscles involved in a power grip, which 

is formed during any pulling exercise, are the flexor digitorum superficialis and 

flexor digitorum profundus.  

When conducting surface EMG recordings of a target muscle, there is a 

risk that “cross-talk” from proximal muscles other than the intended muscle of 

study will contaminate the analysis.9,26 Cross-talk occurs when the electrical 
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activity of adjacent muscles are unintentionally recorded. The risk of cross-talk 

contamination is inversely related to the relative surface area of the muscle to be 

recorded and its proximity to nearby muscles (i.e., muscles of the hand).35 To 

further reduce cross-talk, EMG analyses are often performed on isometric 

exercises, which keep muscle length and joint angle constant, opposed to a 

dynamic movement such as the barbell deadlift.25  

 Fioranelli and Lee25 examined EMG activity of the flexor digitorum 

superficialis and flexor digitorum profundus muscles in relation to two grip 

circumferences at two different elbow joint angles (45° and 90°) during an 

isometric, unilateral pressing exercise (i.e., bench press). Using a sample of 18 

men, 25.0 ± 1.0 years of age, all participants performed three maximal isometric 

presses, at both joint angles and with both grip sizes, using their dominant 

hands. The researchers reported that EMG activity, and thus neuromuscular 

activation, was significantly greater when using a thin, 2.8 cm diameter handle 

than a thick, 5.1 cm diameter handle, at both angles (45°, p < 0.05; 90° p < 0.01).25 

These findings, however, were specific to a pushing exercise (where grip is not a 

limiting factor), and no significant strength differences were observed between 

the two grip sizes.25 
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Kong et al.9 studied EMG cross-talk by testing six university participants; 

one female, 24 years of age, and five males, about 23 years of age. 

Electromyogram electrodes were placed to record the activity of the flexor 

digitorum superficialis, flexor digitorum profundus, flexor carpi radialis, 

palmaris longus, and flexor carpi ulnaris. Participants were seated and instructed 

to perform a total of four static maximal and submaximal hand grip exertions on 

a Jamar® hand dynamometer. While the aim of the study was to evaluate the 

effectiveness of an algorithm at reducing cross-talk, the following non-significant 

findings are pertinent to mention: cross-talk was found to be the largest between 

the wrist-dedicated flexors, peak R2 value of up to 0.219 (21.9%), while cross-talk 

between the finger dedicated flexors (i.e., flexor digitorum superficialis and 

flexor digitorum profundus) was noted as fairly small (peak R2 value of 0.040 

(4%);  the flexor digitorum superficialis was shown to be moderately affected 

(15% to 22%) by cross-talk from the wrist-dedicated flexors (i.e., flexor carpi 

ulnaris and flexor carpi) and the palmaris longus; and the flexor digitorum 

profundus was only moderately affected by the flexor carpi ulnaris (19%).9 For 

all muscle activities recorded, cross-talk was shown to increase when the 

percentage of maximal voluntary contraction also increased.9 Therefore, even 

when EMG analysis is conducted on muscles during a static test, it is impossible 

to avoid some percentage of cross-talk.  
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Nutrition and Strength 

 Total energy intake, nutrient timing, meal composition, and macronutrient 

requirements, are dietary factors that affect exercise performance, recovery and 

training adaptations in individuals who engage in resistance training.36  In a 

study evaluating the association between muscular function and frequency of 

breakfast consumption using Japanese adult participants (n = 1,415 participants 

(1,069 men), 43.3 ± 10.6 years of age), Huang et al.14 reported a positive, 

independent association between tested hand grip strength and breakfast 

consumption when adjusted for age, sex, and body mass index (p = 0.013). 

Furthermore, participants who consumed breakfast frequently had the highest 

estimated energy intake. When sex was analyzed separately, grip strength had a 

significant association with breakfast consumption for males (p = 0.024), but not 

for females (p = 0.126). 14 For males, total energy intake (i.e., high frequency of 

breakfast consumption) was significantly associated with greater muscular 

strength. 

The dietary patterns of collegiate football players in America have also 

been evaluated with respect to changes in strength and body composition .37 In 

an eight-week study by Kirwan et al.37 involving American collegiate football 

players, dietary data from two, three-day diet records, showed that  nearly all 
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players met their protein needs (i.e., 1.6 to 1.8 g/kg/day) despite not meeting the 

daily estimated energy requirement range of 4,475 to 5,370 kcal/day. Energy 

needs for the football players were estimated using the Cunningham formula, 

which is specific for athletes. The activity factor range used to calculate energy 

needs ranged from 2.0 to 2.4. During the post-season, participants significantly (p 

< 0.05) increased energy (+ 45%), carbohydrate (+ 82%), and protein (+ 29%) 

intakes, compared to early-season dietary habits. The consumption of fat did not 

change because intake was consistently high throughout the study. As a 

percentage of total energy, fat intake was 30% to 54% in the early-season and 

20% to 51% in the post-season. The participants significantly increased both their 

strength (p < 0.05) in 5-RM tests for back squat, bench press, and hang clean, as 

well as total energy consumption from early-season to post-season. However, the 

observed dietary pattern of high fat consumption also led to significantly (p < 

0.05) larger changes in body mass compared to lean tissue (i.e., 3 kg to 1 kg), 

suggesting the activity factor range of 2.0 to 2.4 for estimated energy 

requirements was too high.37.37  

 The following study further underscores the importance of prioritizing 

macronutrients, increasing total energy intake, and consuming a recovery meal 

after training, when attempting to increase lean body mass. In this study, athletes 

who were given nutritional counseling had significantly greater measures of lean 
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body mass and overall mass than those who were not. While nutrition 

counseling is not a component of this study, the importance of good nutrition 

practices when involved in a strength training program cannot be overstated.  

Garthe et al.38 examined the effect of nutritional counseling on body 

composition changes of 39 elite athletes (17 to 31 years of age), of whom 21 

completed a six-month and one-year follow up. Forty-seven participants were 

originally assigned into either a group receiving nutritional counseling once a 

week (n = 22, 18 males) or an unrestricted eating group (n = 25, 20 males) that did 

not receive weekly counseling; eight participants (seven from the unrestricted 

eating group) did not complete the intervention. The training intervention 

consisting of strength training and sport specific training, and the goal was to 

have each participant increase his/her body mass by 0.7% per week.  At the end 

of the intervention, body mass was significantly greater (~57% lean tissue) in the 

nutritional counseling group compared to the control group (4.3 ± 0.9% vs. 1.0 ± 

0.6%, p = 0.01). Furthermore, the nutritional counseling had significantly higher 

measurements of lean body mass and overall body mass compared to the control 

group (p < 0.05) at the one-year follow up. From a dietary standpoint, the 

nutritional counseling group had significantly higher (p < 0.05) protein intake 

(2.5 ± 0.43 g/kg vs. 1.8 ± 0.3 g/kg) and carbohydrate intake (7.2 ± 1.5 vs. 5.0 ± 2.3), 

while having significantly lower (p < 0.05) fat as a percentage of energy (23.5 ± 
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2.8% vs. 34.4 ± 3.8%). The nutritional counseling group also consumed 

significantly more energy than the control group during the intervention (3562.0 

± 561.0 kcals vs 3258.0 ± 229.0 kcals, p < 0.05). The athletes in the nutritional 

counseling group were also instructed to eat a recovery meal, containing protein 

(15 to 20 g) and carbohydrates (40 to 50 g), 30 minutes after training. The timing 

and consumption of the post-workout meal likely contributed to the increase in 

lean body mass these athletes experienced.38 

 In a study on post-workout meals and their effects on training 

adaptations, Mori39 varied the post-exercise meal timing for 10 trained, 23 ± 4 

years of age, and 10 untrained men, 23 ± 1 years of age. The effect of meal timing 

on nitrogen balance was assessed by consuming a protein and carbohydrate 

beverage (whey protein: 0.3 g/kg of body weight; dextrin: 0.8 g/kg of body 

weight) at different times during two, 11-day experimental periods separated by 

at least a seven-day washout period. Participants either immediately consumed 

the post-workout beverage after resistance training (first period) or six hours 

after training (second period). During the last three days of each experimental 

period, 24-hour urine samples were collected for urinalysis and no resistance 

training was performed. 
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To further evaluate the effects of the post-workout beverage timing, all 

participants, consumed regular meals at the same time during both experimental 

periods (7:00 am, 1:00 pm, and 7:00 pm).The total protein intake was established 

at 1.5 g/kg body weight for all participants, and as an added measure of 

precision, registered dietitian estimated total energy expenditure. Training 

included eight to 10 repetitions, using 80% of tested 1-RM, in each of the 

following exercises: bench press, shoulder press, triceps pushdown, leg 

extension, leg press, leg curl, latissimus dorsi pulldown, rowing, and biceps curl.  

During the first and second experimental periods, the trained group had 

significantly higher nitrogen intake, excretion, and urine urea nitrogen (p < 0.01 

and p < 0.001) than the untrained group. Within the trained group there was a 

significantly greater nitrogen balance in the first period than in the second 

experimental periods (1.1 ± 0.3 g/24 hours, p < 0.05; and 0.5 ± 0.4 g/24 hours, p < 

0.01) despite equal intake of protein per kilogram of body weight For the trained 

group, nitrogen balance, nitrogen balance/weight, and nitrogen balance/ lean 

body mass, were all significantly higher during the first experimental period (p < 

0.01). In contrast, there were no significant differences observed for the untrained 

group.  While the trained group had lower rates of muscle protein synthesis 

compared to untrained individuals, data showed that the immediate 

consumption of a whey protein and carbohydrate beverage after training was 
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advantageous for trained individuals. In contrast, data showed that untrained 

individuals were able to achieve positive nitrogen balance and thus maintain 

muscle protein synthesis regardless of meal timing.39 Therefore, for the trained 

individual, timing of the post-workout meal appears to play a pivotal role in 

increasing nitrogen balance and stimulating protein synthesis. 

 The ideal daily protein needs for strength athletes has been identified as 

between 1.5 and 1.8 g/kg/day.15,36,39 In a 12-week resistance training study with 

collegiate power athletes, Hoffman et al.15 determined that positive nitrogen 

balance was achieved with a protein intake of between 1.6 to 1.8 g/kg per day.15 

Participants were stratified into one of three protein intake groups; below 

recommended intake (1 to 1.4 g/kg per day), recommended levels (1.6 to 1.8 g/kg 

per day), and above recommended levels (> 2.0 g/kg per day). Hoffman et al.15  

noticed an upward trend in 1-RM strength improvements in athletes who 

exceeded 1.8 g/kg/day of protein. Additionally, all athletes who participated in 

this study failed to reach their total energy intake goals of 44 to 50 kcal/kg of 

body mass per day.15 Therefore it is logical to assume that a lack of significant 

lean body mass increase was most likely a direct result of sub-adequate energy 

intake and not protein.   
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In an effort to identify the amount of protein required to maximize protein 

synthesis after resistance training, Moore et al.40 assessed six healthy active male 

participants (22 ± 2 years of age), and randomly varied the amount of protein  

ingested immediately after resistance training (0 to 40 g of whole egg protein). 

They also collected and analyzed blood samples to analyze amino acid 

concentrations, blood glucose concentrations, and plasma urea concentration,. 

The study consisted of a total of five trials, with each trial separated by at least a 

week. Each trial consisted of a series of intense, leg resistance exercises (i.e., 4 sets 

of leg press, knee extension, and leg curl, to failure). The researchers then 

performed muscle biopsies from the vastus lateralis after one hour and four 

hours of exercise, and they alternated the biopsied leg after each trial. The 

researchers reported that muscle protein synthesis was increased (p < 0.01) by 

approximately 93% above fasted conditions after consumption of only 20 grams 

of high quality whole egg protein.  No significant differences in protein synthesis 

were observed between post-exercise ingestion of 20 to 40 grams of protein (p = 

0.29). Moore et al.40 concluded that 20 grams of high quality whole egg protein 

was necessary for the post-exercise anabolic response to be maximized; protein 

intake above 20 grams resulted in increased protein oxidation, increased amino 

acid catabolism, and did not promote muscular growth.40  
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A weight training study by Rozenek et al.41 further emphasized the higher 

importance of total energy intake over protein intake. Using a sample of 73 

healthy males (classified as weight training beginners),  23.1 ± 4.4 years of age,  

were randomly assigned to one of three groups: (1) a commercially available 

high energy carbohydrate and protein supplement group, (2) an isoenergetic 

high energy carbohydrate supplement group, or (3) a control group (no 

supplements). Three cups of the high energy carbohydrate supplement mixed 

with three cups of 2% milk contained 356 g carbohydrate, 106 g protein, 18 g fat, 

and roughly 2010 kcals. Three cups of the isoenergetic supplement mixed with 

three cups of 2% milk contained 450 g carbohydrate, 24 g protein, and 14 g fat. 

Participants were instructed to consume half their supplement between breakfast 

and lunch, and the other half before bedtime. All participants trained four times 

a week (Monday, Tuesday, Thursday, and Friday) for eight weeks, and 

performed a variety of exercises which included squats, leg curls, upright rows, 

bench press, incline press, triceps pushdown, latissimus dorsi pulldowns, and 

abdominal crunches. The researchers confirmed that both supplement groups 

gained a significantly higher amount of lean body mass compared to the control 

group (p ≤ 0.05). While post-test 1-RMs were significantly greater within each 

group, there were no significant differences in any 1-RM measurements of 

strength between the three groups Rozenek et al.41 concluded that an isoenergetic 
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carbohydrate supplement was as effective as a supplement containing protein 

and carbohydrate at facilitating strength and lean body mass gains in beginner 

weight lifters. Therefore, in conjunction with resistance training, total energy 

intake was found to be a more important dietary component than total protein 

intake in promoting increases in lean body mass.41   

Given the findings of the aforementioned research, two meaningful trends 

emerge: (1) total energy intake is likely a more important factor than protein 

intake for individuals attempting to increase their strength and body mass, and 

(2) protein intake above recommended levels is unlikely to promote increased 

synthesis of muscle tissue. Thus, for optimal performance, the strength athlete’s 

nutritional priority should be adequate energy intake.  

Dual Energy X-Ray Absorptiometry (DXA) 

 An individual’s energy needs can be estimated using an equation such as 

the Cunningham equation; however, this requires an accurate measurement of 

body composition.42 Dual energy X-ray absorptiometry is considered the gold 

standard for measurements of body composition (lean and fat mass) and bone 

mineral density, because of its high precision, ease of use, and noninvasive 

nature.43,44 The DXA scan is also the most commonly used assessment to measure 

bone mineral density of the hip and spine, and is often performed in an effort to 
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identify a person’s risk of osteoporosis.44 It is also a highly accurate measurement 

of body composition, outperforming bioelectric impedance analysis in 

measurements of lean body mass.44 Consequently, for individuals who 

consistently engage in strength training, which is commonly known to increase 

bone mineral density and lean body mass, the DXA scan can be used as a highly 

accurate tool to measure progress.43-45 

Benefits of Increased Hand Grip Strength 

 Hand grip strength has also been positively correlated with many 

desirable outcomes.46-49 In a sub-analysis of a clinical trial with 12,516 participants 

(35% female; total sample mean age of 63.6 ±7.8 years), Lopez-Jaramillo et al.46 

reported that higher age adjusted hand grip strength was associated (p < 0.001) 

with: (1) a lower prevalence of previous cardiovascular disease complications 

(e.g., stroke, myocardial infarction), (2) a lower systolic blood pressure, and (3) 

increased body mass index. 

 Higher measures of hand grip strength have also been associated with 

higher levels of cognitive ability and lower levels of functional disability in 

adults over the age of 50.49 Ramlagan et al.49 conducted a national South African 

population-based cross sectional study on social, sex, and health differences, 

with respect to hand grip strength. The sample consisted of 3840 participants 
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(44.1% men), with 46.7% classified as obese. Participants had stature and body 

weight measured, given a hand grip strength test on each hand, and were given 

a battery of cognitive tests that measured concentration, attention, and short-

term memory. They also had their functional capacities measured by the 12-item 

World Health Organization (WHO) Disability Assessment Schedule, version 2 

(WHO DAS-II). The researchers reported that height was positively associated 

with hand grip strength for both males and females (p < 0.05), while being 

underweight was negatively associated with hand grip strength for males only (p 

< 0.05). Cognitive functioning for females was positively associated with hand 

grip strength (p < 0.001), lower functional disability (p < 0.001) and height (p < 

0.05).  Hand grip strength was not significantly associated with cognitive 

functioning for males, however medium and high functional disability was 

negatively associated with hand grip strength (medium: p < 0.01, high: p < 0.01).49  

 Hand grip strength has also been shown to predict survival rates in cancer 

patients.48 Kilgour et al.48 assigned 203 consenting patients with advanced 

cancers (2/3 with gastrointestinal cancers), into one of three hand grip strength 

percentiles (e.g., ≥ 50th, 25th,  and ≤10th ; according to normative values), based on 

their hand grip dynamometry performance. Patients in the ≤10th percentile 

category had a significantly lower BMI (kg/m2) and survival time in weeks (22.1 ± 

3.7; 23.3 ± 22.5) than patients in either the ≥ 50th (25.5 ± 5.4; 51.9 ±36.6) or 25th (24.6 
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± 5.7; 33.9 ±28.2) percentile categories (p ≤ 0.05).  Patients in the ≤10th percentile 

category were also the most likely to succumb to their disease during follow-up. 

The authors speculated that, for the patients in the 25th percentile category, 

mortality rates might be reduced by increasing overall muscle strength.48 

 Measurements of dexterity are also influenced by hand grip strength. 

Martin et al.47 evaluated the associations between hand grip strength, age and 

dexterity in 107 participants (60 females: mean age 50 ± 21 years; 57 males mean 

age 48 ± 18 years). Dexterity was measured with the use of four different tests 

(i.e., steadiness, line tracking, aiming, and tapping). The steadiness test involved 

vertically inserting a pen stylus into a hole and then remaining still for 32 

seconds without touching the sides. The line tracking test involved placing a pen 

stylus into a grooved track, and tracing the track without touching the sides. The 

aiming test involved using a pen stylus to tap 20 brass disks spaced 5 mm apart. 

Finally, the tapping test involved tapping a square plate as many times as 

possible within 32 seconds. The results of the dexterity showed that steadiness (p 

< 0.001) and line tracking ability (p < 0.001) were better explained by age, but 

aiming (p < 0.001) and tapping (p < 0.001) were better explained by hand grip 

strength. This suggests that hand grip strength is likely associated with fast and 

precise coordinate movement control.47  
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 In a study on smartphone use by Turkish university students, Inal et al.50 

reported that excessive smartphone use was associated with decreased pinch 

strength, grip strength, and hand function. Researchers assigned 102 Turkish 

university students into either high smartphone users (n =34), low smartphone 

users (n =32), or non-users (n =36) based on results from the Turkish version of 

the Smartphone Addiction Scale (SAS). As part of the study, grip strength and 

pinch strength were clinically evaluated by Jamar hand dynamometer and pinch 

meter respectively. While not significant (p = 0.131), the median pinch strength of 

5.8 kg (25th to 75th interquartile range = 4.4 to 6.7) in the high smartphone use 

group was lower than both non-users and low users, 6.3 kg (4.7 to  8.5 kg) and 

6.6 kg (4.8 to 9.3 kg), respectively. The high users’ median grip strength of 27.5 kg 

(24.0 to 34.3 kg) was also found to trend lower than the non-users value of 31.5 

kg (24.3 to 38.5 kg), but slightly higher than the low-users group of 26.7 kg (23.9 

to 39.6 kg). While insignificant (p = 0.531), the slightly higher grip strength was 

likely a result of thumb adaptations to frequent smartphone usage.50 When 

measuring pain on movement using a 10 cm visual analog scale (0 cm = no pain, 

10 cm = worst pain possible), high users experienced significantly (p = 0.016) 

more pain (1.06 ± 2.18 cm) than low users (0.06 ± 0.34 cm).50 While research has 

yet to be conducted on the effects of grip strength training on smartphone related 
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hand dysfunction, it is possible that increased hand grip strength, as a result of 

resistance training, may prevent hand dysfunction in habitual smartphone users.  

 As a diagnostic predictor of various health outcomes, the hand grip 

strength assessment has demonstrated clinical value.51 For adults, especially 

those over 50 years of age, high hand grip strength has shown to be associated 

with longer cancer survival, measures of hand dexterity, lower rates of 

cardiovascular disease complications, lower rates of functional disability, and 

greater cognitive functioning.46-49 Therefore, improving hand grip strength 

through resistance training should be a priority for all adults concerned with 

their health. 

Summary 

 The deadlift is a full body, pulling exercise that requires adequate grip 

force. Grip force is generated by the flexor digitorum superficialis and flexor 

digitorum profundus muscles, and body proportions, such as hand, torso and 

limb lengths affect an individual’s ability to perform the deadlift. Dietary intake 

has been shown to affect muscular strength, and improved muscular strength 

has been associated with many favorable health outcomes. In conclusion, 

maximal strength training with the deadlift has been shown to be an effective 

way of increasing overall strength during an eight-week training period.  
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CHAPTER 3: METHODOLOGY 

 Improvement in an individual’s five-repetition-maximum (5-RM) deadlift 

requires an improvement in grip strength. Therefore, given the same training 

timeframe, a protocol that is more effective in improving hand grip strength may 

lead to a higher 5-RM. To make the deadlift a more hand grip intensive exercise, 

the barbell circumference must be increased. To accomplish this, the Fat Gripz™ 

training accessory was utilized. Fat Gripz™ are made out of a durable, rubber-

like compound, have a diameter of 5.72 cm, and are intended to be placed over 

barbells and dumbbells to increase their total circumference. This proposed 

project will add to the scientific literature on the effects of a deadlift training 

protocol on grip strength and deadlift 5-RM using one of two grip arrangements: 

an Olympic barbell without Fat Gripz™ (~ 8.8 cm circumference) or an Olympic 

barbell with Fat Gripz™ (~19.7 cm). Change in hand grip force were measured 

by hand grip dynamometer. Change in flexor digitorum superficialis activity 

were measured by EMG analysis, but were unable to be analyzed for 77% of 

participants as a result of excessive noise. To the author’s knowledge, there has 

only been one study ever done involving Fat Gripz™, and that research showed 

a trend of greater latissimus dorsi pulldown 1-RM improvement when training 

with Fat Gripz™ after four weeks of training.3  
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 In connection with any resistance training endeavor, macronutrient and 

energy needs are increased. The energy and protein requirements of individuals 

engaged in resistance training who are also attempting to maximize strength 

gains have been widely investigated and debated by the scientific community. 

This study aimed to add additional data to the above debate by identifying any 

associations between strength changes (hand grip and deadlift 5-RM) and dietary 

energy and protein intake. This study was unique for three reasons: (1) It was the 

first study to evaluate the effects of using Fat Gripz™ while deadlifting on grip 

strength and 5-RM in participants with various training experience; and (2) 

participants will consist of females only. Adaptation of the flexor digitorum 

superficialis in response to Fat Gripz™ training was not included in study 

results. 

The study was approved by the Drexel University Institutional Review 

Board.  A recruitment flyer (Appendix A) was posted around the Drexel 

University campus. In addition, announcements were made in Nutrition Sciences 

classes, with permission from the appropriate professors. The recruitment flyer 

explained the exercise intervention, participation requirements and expectations. 

All interested individuals were required to complete an online pre-screen after 

being emailed a link by the researcher (Appendix B). If individual passed the 

pre-screen, she was scheduled for the first study visit via email. All study 
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sessions occurred on the 2nd and 3rd floors of the 3 Parkway Building, located at 

1601 Cherry Street, Philadelphia, PA, 

Inclusion criteria for the current study were as follows: English-speaking, 

Drexel female college students and faculty and staff between 18 and 55 years of 

age. Exclusion criteria for students and faculty and staff included: not-English 

speakers, not between 18 to 55 years of age, not affiliated with Drexel, 

unavailable for the duration of the eight-week study, history of musculoskeletal 

injuries that would require special consideration, pregnant or planning to 

become pregnant, do not wish to use the Automated Self-administered 24-hour 

Recall (ASA24™), and are unable or unwilling to consent to participate. 

All participants were informed of the benefits and possible risks of the 

study and were given the Physical Activity Readiness Questionnaire (PAR-Q) 

(https://www.k-state.edu/kines/documents/crossfit/PAR-Q.pdf) and informed 

consent documents to complete prior to beginning the Institutional Review 

Board approved protocol (Appendix C). Sufficient time was given to each 

participant to thoroughly read the informed consent document and ask any 

clarifying questions. While no monetary compensation was provided to 

participants, valuable benefits included: proper training of the barbell deadlift, 

increased strength, and an included dual-energy X-ray absorptiometry (DXA) 
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scan for assessment of body composition and bone mineral density. It was 

speculated that participants who were excited about weight training would be 

motivated to complete the study and subsequently continue weight training 

independently or with a trainer. 

 While the current study’s training protocol (Figure 1) lasted six weeks, 11 

weeks were allotted, which would account for the familiarization session, 

training sessions (Figure 9), a midpoint testing session, final testing session 

(Figure 10), and the likelihood of participants needing to complete a missed 

session(s) during a subsequent week. Baseline data (e.g., anthropometric 

measurements and DXA computed lean body mass) were measured during the 

familiarization session on the 2nd and 3rd floors of the 3 Parkway Building located 

at 1601 Cherry Street, Philadelphia, PA. Informed consent and PAR-Q 

documents were collected during the familiarization session (Figure 2). The next 

session, which occurred within one week, was the first testing session (Figure 4). 

At the first testing session, hand grip strength and EMG testing of both hands 

was performed and deadlift 5-RM using the Olympic barbell (control group) and 

Fat Gripz™ augmented Olympic barbell (intervention group) was determined. 

The initial training load was determined to be the heaviest weight the participant 

was able to lift five times without compromising form or tempo (with or without 

Fat Gripz™). At the end of the testing session, participant’ total training 
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experience consistently weight training was recorded. Prior to the first training 

session, all participants were matched for tested grip strength and randomly 

assigned to either the Fat Gripz™ augmented Olympic barbell group or the 

Olympic barbell group. During the following week, the first training session 

occurred. At the end of the first testing session and on the second training day of 

each week, all participants confirmed training dates and times for the following 

week. On the day of the first training session, participants arrived and perform 

five sets of five repetition deadlifts (in their assigned condition) following a 

dynamic warm-up consisting of ten walk-outs and 20 single glute bridges (10 on 

each leg). Participants used the heaviest load they were able to properly deadlift 

for five repetitions during the load determination portion of the first testing 

session. For the remaining seven sessions, participants increased their training 

weight by 1.1 to 2.3 kg per session. During week five of the study, grip force and 

flexor digitorum superficialis activity was tested using a grip force transducer 

and EMG, respectively, and a 5-RM Olympic barbell deadlift without Fat 

Gripz™ was performed. 

 Post-intervention data was collected between weeks five and six to allow 

for make-up sessions, and consisted of three tests in the following order: (1) static 

hand grip strength test via grip force transducer; (2) flexor digitorum 

superficialis activation by EMG analysis (occurring in concert with the static grip 
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strength test); and (3) a 5-RM deadlift test using an Olympic barbell for both 

groups. The DXA was not measured again, because it was not an outcome 

measure. The DXA was used to obtain body composition as a descriptive 

measure. All data collected (Appendix D) from participants were kept in 

individually labeled folders.  

 

Figure 1. Study flowchart. 
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FAMILIARIZATION SESSION 

 

 

Figure 2. Familiarization session flowchart. 
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recorded each participant’s training date preference of either Monday and 

Thursday or Tuesday and Friday (preferred pairs); however, any two weekdays 

with at least one day of rest in between was accepted. Each participant also 

specified their training time preferences of either morning, afternoon, or evening 

training. The same researcher recorded each participant’s consistent weight 

training experience in years. After training preferences were recorded, a DXA 

scan was performed to obtain descriptive information (i.e., fat free mass). After 

all measurements were completed during the familiarization session, the session 

ended with participant instructions to bring a bottle of water to each session and 

to hydrate between sets for the duration of the study.  

Anthropometry 

 During the familiarization session, the following body measurement were 

each taken twice to ensure precision: dominant hand length and width, stature, 

weight, arm lengths, leg lengths, and torso length. Consistent with previous 

research, hand measurements were performed in the following manner: each 

participant had the perimeter of her dominant hand, with maximal finger 

abduction, traced on a piece of white paper. Using measuring tape, the length of 

the hand was measured from the radiocarpal joint to the superior end of the 

third digit, and hand width was measured from the lateral border of the thumb 
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to the medial border of the fifth metacarpal.1 The following measurements were 

partially based on the anthropometric procedures outlined by the Center for 

Disease Control and Prevention’s (CDC) National Health and Nutrition 

Examination Survey III52, and segmental lengths as defined by Hales.32 Stature 

and weight was measured with a stadiometer: each participant removed their 

shoes and stood as erect as possible on the stadiometer facing straight ahead 

with buttocks and head in contact with the vertical backboard. At that point, the 

experimenter recorded stature and weight. Arm lengths were measured in the 

following way: The participants were instructed to keep their arms by their sides 

with fingers fully extended. The examiner stood behind the participant and using 

a measuring tape, measured from the humeral head (zero end of tape measure) 

to the superior end of the third phalange. While still standing, the distance 

between each participant’s greater trochanter and the lateral aspect of their foot 

was recorded as their leg length. This measurement was taken on both legs. 

Finally, torso length was defined as the measured distance, using a soft 

measuring tape, from the greater trochanter to an imaginary horizontal line 

extending from the cro  wn of the head (Figure 3).32 
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Figure 3. Body segmental lengths: (A) Total body height. (B) Torso. (c) Arm 

length (D) Leg Length Photograph by Harley Rogers. 
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Dual-Energy X-ray Absorptiometry (DXA) 

 After anthropometric measurements were taken, all participants were 

required to obtain a dual-energy x-ray absorptiometry (DXA) scan, which was 

conducted on the 2nd floor of the 3 Parkway Building. The scanning device 

detects bone, fat, and muscle in the body.  All participants were required to 

complete a urine pregnancy test before undergoing a DXA scan.  A positive test 

would result in exclusion from the study.  Participants were instructed not to 

wear clothes with metal parts during this test.  Participants assumed a supine 

position on the bed of the scanner.  The total duration of the scans was 

approximately 12 minutes.  The scans were conducted by trained personnel, and 

a certified radiation technologist was available to evaluate the results. 
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FIRST TESTING SESSION 

Figure 4. First testing session flowchart 

Within three days following the familiarization session, the first testing 

session occurred on the 2nd floor of the 3 Parkway Building, located at 1601 

Cherry Street, Philadelphia, PA. During this session, a static test of grip strength 

was performed and measured with the simultaneous use of a grip force 

transducer and surface EMG recording of the flexor digitorum superficialis. 

During the baseline testing session, a second researcher was occasionally present 

to confirm that testing protocols are being followed with the help of a checklist 

(Appendix E). Next, the deadlift exercise was taught and demonstrated by the 

experimenter.  Then after any clarifying questions had been answered, the 

participant’s deadlift five-repetition-maximum (5-RM) was tested. Since having 

individuals with limited or no training experience perform a one-repetition-
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maximum (1-RM) is contraindicated, 5-RM was tested based on previously 

outlined methods outlined.11,12 

Grip Force Transducer Evaluation of Grip Force 

 During the first testing session, after training session eight (midpoint), and 

at the completion of the study, each participant completed two simultaneous 

assessments of hand grip strength (i.e., a grip force transducer and EMG). 

Electromyographic data was quantified with the ADInstruments™ T Series 

PowerLab™ data acquisition system (Colorado Springs, CO) and maximal 

voluntary handgrip contraction was assessed using an ADInstruments™ grip 

force transducer. The width of the grip force transducer is 1 7/8”, which is 

identical to the second handle position on a Jamar® hand dynamometer. 

Research has shown that a testing width of 1 7/8” allowed for maximal grip 

strength in the majority (89%) of the 288 normal, asymptomatic hands tested.53  

 To account for the presence or absence of flexor digitorum superficialis 

innervation in the fourth and fifth digits, two tests on both hands, described by 

Bowman et al.17, were performed. The researcher held the third and fourth digits 

of a participant’s hand in full extension, while instructing the participant to 

perform flexion at the proximal interphalangeal joint of the fifth digit. If the 

participant is unable to flex the PIP joint, she is lacking flexor digitorum 
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superficialis innervation of the fifth digit. For the second test, the researcher will 

hold the participant’s second and third digits in full extension while instructing 

the participant to perform simultaneous flexion at the PIP joints of both the 

fourth and fifth digits. Successful flexion of the PIP joints on the fourth and fifth 

digits simultaneously implies that the flexor digitorum superficialis tendon is not 

absent but connected to the fourth digit.17 These two tests will then be performed 

for the remaining hand. 

 Each participant was seated in a chair with the arm to be tested lying 

supine on a table top with full extension at the elbow. Electrodes were properly 

placed on both forearms to record flexor digitorum superficialis activity. While 

maintaining this seated position with electrodes appropriately placed, the 

participant pronated the arm to be tested (Figure 5). After a grip force transducer 

demonstration by the experimenter, the participant gripped the force transducer 

with its handle perpendicular and horizontal to the longitudinal axis of the 

supinated forearm. The participant then made a fist with her free hand and 

placed that fist directly beneath the triceps of the arm to be tested. This ensured 

that the electrodes did not come into contact with the tabletop. The participant 

will performed three unconstrained, maximal voluntary contractions for three 

seconds, with one minute of rest in between attempts.2,21 This testing process was 

repeated with the remaining arm. The average grip force values for the strongest 
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two contractions were recorded for both hands, thus accounting for the 

possibility of an abnormally weak contraction. 

 

Figure 5. Grip force transducer testing. Photograph by Harley Rogers. 

Removal of Specific Aim #3 

Electromyography analyses of participants’ flexor digitorum superficialis 

muscles were not included in the results of the study. At the time of analysis, the 

quality of EMG data recorded were too variable to be confidently relied upon. 

Three out of the 13 participants tested had an adequate signal to noise ratio (≥ 
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3:1), along with baseline and post-intervention data points for both arms. All 

other participants had unanalyzable data points in one or both arms at either 

baseline, post-intervention or both data collection points.  These unanalyzable 

data points were the result of excessive noise obscuring the activity of the 

muscle, likely a result of less than optimal electrode site preparation (skin 

sanitation/abrasion and gel application) and EMG lead orientation in relation to 

the data acquisition system putting detectable strain on the electrodes.  

Electroymographic Testing of the Flexor Digitorum Superficialis 

 The muscle of interest for collecting EMG data, the flexor digitorum 

superficialis, was located using the methodology employed by Blackwell et al.2 

While seated with the dominant forearm resting in a supine position on a table 

top and elbows slightly turned in, the participant was asked to flex the fourth 

finger against external resistance to palpate and visually observe the muscle’s 

contraction. This was conducted without allowing the participant to curl the 

finger, thus minimizing the contribution of the flexor digitorum profundus 

muscle. 

 Skin preparation for electrode placement consisted of light abrasion and 

cleansing with alcohol; if hair was present it would have been removed with 

clippers. Appropriate signal placement was validated by confirming an active 
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EMG signal upon finger flexion with a stable wrist, while picking up little to no 

EMG activity during wrist flexion without finger flexion.2 EMG activity of the 

flexor digitorum superficialis was recorded using the two channel 1 leads (a 

white, positive lead and a black, negative lead) placed one inch apart from each 

other. For consistency, the positive lead was placed superiorly to the negative 

lead, however, superior or inferior placement of the white lead would not affect 

recordings. The green, grounding lead was placed on the medial epicondyle of 

the humerus. The placement of the leads were further verified by being close to a 

quarter of the distance distally from the medial epicondyle of the humerus to the 

skin fold at the wrist.54 After electrode placement has been verified for both arms 

of each participant, two digital photographs of the electrode placement, one for 

each arm, using a ruler as a reference were taken. Afterwards, each participant 

then pronated her arm to be tested, and grasped the grip force transducer with 

its handle parallel to the tabletop.  The participant made a fist with her free hand 

and place that fist directly beneath the triceps of the arm to be tested. This 

ensured that the electrodes do not come into contact with the tabletop (Figure 6). 

Finally, the participant performed three unconstrained, maximal voluntary 

contractions for three seconds, with one minute of rest in between attempts. Only 

one minute of rest was given between contractions, because three seconds of 

maximal contraction was not likely to be fatiguing.2 Then the participant had the 
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test repeated with her remaining arm. The activity of the flexor digitorum 

superficialis was measured and the median and peak frequencies of the power 

spectrum of the two strongest contractions were recorded for both arms; thus 

accounting for the possibility of an uncharacteristically low level of muscle 

activity during a maximal voluntary contraction.

 

Figure 6. Surface electromyography electrode placement. Photograph by 

Harley Rogers. 

Performing the Deadlift  

 The positioning and execution of the barbell deadlift was coached and 

demonstrated on the 2nd floor of the 3 Parkway Building, located at 1601 Cherry 
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Street, Philadelphia, PA. Coaching was based on the methods described by 

Ebben et al.13; however, in lieu of the alternated grip (one palm facing the 

participant, one palm facing away), a double pronated grip (both palms facing 

the participant) was employed. After a minimum of five minutes to account for 

the unlikely event of fatigue from the hand grip strength tests and EMG 

recordings, participants practiced the deadlift using the Olympic barbell only.2 

The Olympic barbell was raised to a starting height of ~22 cm to be nearly 

identical to the actual starting height for all testing and training. Participants 

kept their feet flat on the floor using a shoulder width bilateral stance with feet 

slightly abducted. Participants descended by flexing the hips and knees, keeping 

the hips lower than the shoulders. They maintained an erect torso, normal 

lordotic arch, slightly extended cervical spine, with their elbows fully extended, 

and shoulders over the bar. Participants began the ascent phase by taking a large 

breath and then breathing out while lifting the barbell off of the floor. This was 

accomplished by extending the hips and knees while keeping a constant floor-to-

torso angle. As the barbell was raised as a result of hip and knee extension, the 

participants were instructed to keep the barbell as close to the shins and thighs as 

possible through the range of motion of the lift, which was completed when full 

knee and hip extension was reached (Figure 7).13 Consistent with previous 

research, heightened focus was placed on the lower back position of participants 
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during the movement. Participants were instructed not to drop or “bounce the 

weight”. The use of the Valsalva maneuver (holding one’s breath, which can 

considerably and dangerously increase blood pressure) was discouraged, but all 

participants were given the option to chalk their hands prior to every training set 

throughout the program.11 

 

Figure 7. The deadlift movement55: (A) starting position; (B) middle position; 

(C) top position. Photograph by Harley Rogers. 

 

5-Repetition Maximum Tests 

 Since this study investigated hand grip strength outcomes in participants 

with various training experience, the author determined that the use of 1-RM 

testing at the start of intervention was an unnecessary safety risk, and instead a 
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5-RM test was performed.7 Two, 5-RM tests were completed by all participants.  

One 5-RM test was with Olympic barbell only, and the other 5-RM test was with 

the Fat Gripz™ augmented Olympic barbell. The order of these 5-RM tests were 

randomized to reduce the chance of fatigue from the 1st 5-RM test affecting the 

integrity of the study. These two, 5-RM tests occurred during this session. 

Additionally, two, 5-RM tests took place to keep the total volume of work 

consistent between groups, and to determine the initial training load for both 

groups. After at least 72 hours of rest following the final training session, only 

one, 5-RM test using the Olympic barbell without Fat Gripz™ took place to 

evaluate the effects of training with Fat Gripz™. A written training log was kept 

for each participant and was brought to the appropriate training session. 

Participants were also be given individualized verbal feedback and 

encouragement during each session to ensure both the proper execution and 

development of confidence in the movement. The 5-RM test was conducted as 

follows: in an effort to ensure a consistent barbell starting height of 22.2 cm 

(Olympic plates have a diameter of ~44.5 cm) for all participants, 4.5 kg bumper 

plates were added to the barbell for all loads below 61.2 kg.12 Each participant 

will completed a light warm-up with a load of at least 29.5 kg.  Participants then 

performed two sets of five repetitions with three to seven minutes of rest in 

between each set. During these two sets, the experimenter made sure each 
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participant’s form is correct, and answered any clarifying questions that arose 

regarding the deadlift. In an effort to control barbell velocity, the metronome 

smartphone application MetroTimer was used. Using this application, a 

smartphone produced both an audible cue every two seconds (30 beats per 

minute). Participants were instructed to perform the deadlift consistent with 

tempo of the metronome (two seconds up, two seconds down). Participants were 

also allowed to readjust grip as long as each repetition was still accomplished 

within the metronome tempo.  As part of the testing protocol, 4.5 to 9 kg was 

added per set until the participant was not able to successfully complete five 

repetitions.  Consistent with the testing protocol used by Bishop et al.29, 

participants were not be allowed to continue the set if a technical breakdown 

occurred during the 5-RM attempt (figure 8). A technical breakdown was 

considered an unsafe deviation from proper form during the execution of a 

movement that increases the likelihood of injury. Technical breakdown during 

the deadlift is defined as minimal to no knee bend during extension and head 

and shoulders tilting over the feet.29 At this point, 2.3 to 4.5 kg was removed, and 

after three to five seven minutes of rest, the participant re-attempted her 5-RM. If 

five repetitions were performed successfully (i.e., full trunk extension and 

minimal back rounding for each repetition) that was considered the participant’s 

5-RM. Otherwise, the last successful execution of five repetitions was considered 
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the participant’s 5-RM. In accordance with the National Strength and 

Conditioning Association (NSCA) 1-RM testing protocol, each participant’s 5-RM 

was measured within five testing sets.7  
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Figure 8. Technical breakdown occurring during the deadlift: (A) rounded 

lower back; (B) back hyperextension; (C) early knee extension; (D) mixed grip 

and cervical hyperextension. Photograph by Harley Rogers 

 

Determination of Training Load 

 After being matched for grip strength and deadlift experience, 

participants were randomly assigned into either the experimental Fat Gripz™ 

group or the Olympic barbell control group for the duration of the study. From 

the 5-RM tests, the heaviest load lifted by participants for five repetitions with 

proper form and within the metronome tempo and for their randomly assigned 

condition (Olympic barbell or Fat Gripz™) was their assigned training load for 

the first session. Training sessions began for participants after they have had at 

least 72 hours of rest.  
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Training Sessions 

 

Figure 9. Training session flowchart. 

 Prior to the first training session and after all participants have been 

matched for hand grip strength and deadlift experience, participants were 

informed of their group assignments. For training sessions two through 8, all 

participants added 1.1 to 2.3 kg to each training session throughout the study. As 

part of each session, two warm-up sets of five repetitions with three to seven 

minutes of rest was performed following a dynamic warmup consisting of 

twenty, single leg glute bridges (10 with each leg) and 10 walkouts. Participants 

allotted one hour for each training session; however, sessions were usually 

completed within ~45 minutes. Expected time was based on a maximum of 35 

minutes of total rest, two warm-up sets, and a minute and 40 seconds of expected 
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lifting time; four seconds per repetition with a total of 25 repetitions. In an effort 

to control barbell velocity, the metronome smartphone application MetroTimer 

was used. Using this application, a smartphone produced an audible cue every 

two seconds (30 beats per minute). Participants were instructed to perform the 

deadlift consistent with tempo of the metronome (two seconds up, two seconds 

down). Participants were allowed to readjust grip as long as each repetition is 

still accomplished within the metronome tempo. Participants performed each set 

after at least three minutes of rest to a maximum of seven minutes of rest. If 

participants were unable to all perform five sets of five repetitions with correct 

form during a set, 1.1 to 2.3 kg was removed. At this point if all five repetitions 

were not performed for each of the five sets, a sixth set was added to reach the 

goal volume of 25 repetitions.11 For the remaining sessions, the weight only 

increased by 1.1 kg. Participants were instructed to drink plenty of water, avoid 

lower body exercise, and try to get seven to eight hours of sleep, prior to each 

session (training or testing).11 Training sessions occurred twice weekly and were 

separated by one to two full days of rest; if the first training session took place on 

Tuesday the following session occurred earliest on Thursday.12 In the event a 

participant was unable to attend a session, a make-up session was provided after 

the scheduled four-week training program was concluded. During the training 

study, participants were required to complete three 24-hour dietary recalls. 
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24-hour Dietary Recalls 

 To estimate dietary intake, all participants were required to complete a 

total of six, 24-hour dietary recalls using the National Cancer Institute’s 

Automated Self-administered 24-hour Recall (ASA24™) 

(https://asa24.nci.nih.gov/). However, as a result of time constraints only three 

dietary recalls were completed. The 24-hour dietary recalls were collected during 

weeks two and three (three days), and again during weeks seven and eight (not 

completed). The ASA24™ tool was chosen because of its ease of use and high 

reliability. The ASA24™ tool provides an animated guide, visual cues, and the 

ability to modify food and drink choices at multiple points. As part of the 

interview, the tool asked detailed questions about food preparation, portion size, 

and the location and timing of meals.  

 The participants were not required to complete the record in three 

consecutive days, but they were required to record all of their food and beverage 

consumption for two weekdays and one weekend day. Upon enrollment, 

participants were provided the study specific ASA24™ respondent link, along 

with participant specific usernames and passwords, and were instructed to 

digitally record all meals, beverages, supplements (if applicable), and snacks 

consumed, to maximize accuracy. Participants were also instructed to complete 
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the ASA24™ demonstration module (https://asa24.nci.nih.gov/demo.aspx) prior 

to recording their baseline dietary intakes to ensure basic understanding of the 

tool.  

 The ASA24™ tool analyzed total energy intake, micronutrient and 

macronutrient composition automatically, after all data were entered. After data 

entry were complete, the researcher calculated estimated energy and protein 

needs for each participant. Total energy requirements were estimated by first 

calculating the resting metabolic rate using the Cunningham equation. The 

Cunningham equation was chosen because of its use in previous research by 

Kirwan et al.37 and because of its consideration of lean body mass in the 

formula.37,56 Total energy expenditure was then estimated by multiplying each 

participant’s resting metabolic rate by either a low activity factor of 1.4, to reflect 

the work of two deadlifting sessions per week, or up to 1.6, for participants who 

also perform moderate endurance activity up to 150 hours per week.56 The 

protein target for calculations was set at 1.5 g/kg/day for all participants, which 

was within the recommendation for strength athletes.56  

 To compare how well participants met their energy needs, in addition to 

raw data, values were also expressed as a percentage of estimated energy needs: 

each participant’s average self-reported total energy intake via the ASA24™ tool 
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was divided by their individually estimated energy needs and the quotient was 

multiplied by 100%.  

MIDPOINT TESTING  

 After four weeks of training (eight sessions), a midpoint test of grip 

strength and flexor digitorum activity occurred along with a 5-RM deadlift using 

the Olympic barbell without Fat Gripz™. Testing occurred on week five, and will 

was the only session that week unless a participant needed to make-up a missed 

session. In the latter case, the participant made up her session on Monday and 

tested on Friday. This test will take place on the 2nd and 3rd floors of the 3 

Parkway Building, located at 1601 Cherry Street, Philadelphia, PA.  

Grip Force Transducer Evaluation of Grip Force 

 All participants completed two simultaneous assessments of hand grip 

strength (i.e., grip force transducer and EMG). Maximal voluntary handgrip 

contraction was assessed using the ADInstruments™ grip force transducer. 

Electromyographic data was quantified with an ADInstruments™ T Series 

PowerLab™ data acquisition system (Colorado Springs, CO).  

 Each participant was seated in a chair with one arm lying supine on a 

table top with full extension at the elbow. Electrodes were properly placed on 
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both forearms to record flexor digitorum superficialis activity. While maintaining 

this seated position with electrodes appropriately placed, the participant 

pronated the arm to be tested. After a grip force transducer demonstration by the 

experimenter, the participant gripped the force transducer with its handle 

perpendicular and horizontal to the longitudinal axis of the supinated forearm. 

The participant then made a fist with her free hand and place that fist directly 

beneath the triceps of the arm to be tested. This ensured that the electrodes did 

not come into contact with the tabletop. The participant then performed three 

unconstrained, maximal voluntary contractions for three seconds, with one 

minute of rest in between attempts.2,21 This testing process was repeated with the 

remaining arm. The average grip force values for the strongest two contractions 

were recorded for both hands; thus accounting for the possibility of an 

abnormally weak contraction. 

Electroymographic Testing of the Flexor Digitorum Superficialis 

 The muscle of interest for collecting EMG data, the flexor digitorum 

superficialis, was located using the methodology employed by Blackwell et al.2 

While seated with the dominant forearm resting in a supine position on a table 

top and elbows slightly turned in, the participant was asked to flex the fourth 

finger against external resistance to palpate and visually observe the muscle’s 
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contraction. This was conducted without allowing the participant to curl the 

finger, thus minimizing the contribution of the flexor digitorum profundus 

muscle. 

 Skin preparation for electrode placement consisted of light abrasion and 

cleansing with alcohol; if hair was present it would have been removed with 

clippers. Appropriate signal placement was validated by confirming an active 

EMG signal upon finger flexion with a stable wrist, while picking up little to no 

EMG activity during wrist flexion without finger flexion.2 was recorded using 

the two channel 1 leads (a white, positive lead and a black, negative lead) placed 

one inch apart from each other. For consistency, the positive lead was placed 

superiorly to the negative lead, however, superior or inferior placement of the 

white lead would not affect recordings. The green, grounding lead was placed on 

the medial epicondyle of the humerus. The placement of the leads were further 

verified by being close to a quarter of the distance distally from the medial 

epicondyle of the humerus to the skin fold at the wrist.54 After electrode 

placement has been verified for both arms of each participant, two digital 

photographs of the electrode placement, one for each arm, using a ruler as a 

reference were taken. Afterwards, each participant then pronated her arm to be 

tested, and grasped the grip force transducer with its handle parallel to the 

tabletop. The participant then made a fist with her free hand and placed that fist 
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directly beneath the triceps of the arm to be tested. This ensured that the 

electrodes do not come into contact with the tabletop. Finally, she performed 

three unconstrained, maximal voluntary contractions for three seconds, with one 

minute of rest in between attempts. Only one minute of rest was given between 

contractions, because three seconds of maximal contraction was not likely to be 

fatiguing.2 Then the participant had the test repeated with her remaining arm. 

The activity of the flexor digitorum superficialis was measured and the median 

and peak frequencies of the power spectrum of the two strongest contractions 

were recorded for both arms; thus accounting for the possibility of an 

uncharacteristically low level of muscle activity during a maximal voluntary 

contraction. 

Midpoint Deadlift 5-RM 

 All participants performed the 5-RM deadlift test using an Olympic 

barbell without Fat Gripz™. The 5-RM test was conducted as follows: in an effort 

to ensure a consistent barbell starting height of 22.2 cm (Olympic plates have a 

diameter of ~44.5 cm) for all participants, 4.5 kg bumper plates were added to the 

barbell for all loads below 61.2 kg.12 Each participant completed a light warm-up 

with a load of at least 29.5 kg after performing a dynamic warmup consisting of 

twenty, single leg glute bridges (10 with each leg) and 10 walkouts.  Participants 
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then performed two sets of five repetitions with three to seven minutes of rest in 

between each set. During these two sets, the experimenter made sure each 

participant’s form is correct, and answered any clarifying questions that arose 

regarding the deadlift. In an effort to control barbell velocity, the metronome 

smartphone application MetroTimer was used. Using this application, a 

smartphone produced both an audible cue every two seconds (30 beats per 

minute). Participants were instructed to perform the deadlift consistent with 

tempo of the metronome (two seconds up, two seconds down). Participants were 

also allowed to readjust grip as long as each repetition was still accomplished 

within the metronome tempo.  As part of the testing protocol, 4.5 to 9 kg was 

added per set until the participant was not able to successfully complete five 

repetitions.  Consistent with the testing protocol used by Bishop et al.29, 

participants were not be allowed to continue the set if a technical breakdown 

occurred during the 5-RM attempt (figure 8). A technical breakdown was 

considered an unsafe deviation from proper form during the execution of a 

movement that increases the likelihood of injury. Technical breakdown during 

the deadlift is defined as minimal to no knee bend during extension and head 

and shoulders tilting over the feet.29 At this point, 2.3 to 4.5 kg was removed, and 

after three to five seven minutes of rest, the participant re-attempted her 5-RM. If 

five repetitions were performed successfully (i.e., full trunk extension and 
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minimal back rounding for each repetition) that was considered the participant’s 

5-RM. Otherwise, the last successful execution of five repetitions was considered 

the participant’s 5-RM. In accordance with the National Strength and 

Conditioning Association (NSCA) 1-RM testing protocol, each participant’s 5-RM 

was measured within five testing sets.7 

 The following section (final testing session) describes the third and final 

data collection point of the study. As a result of time constraints, the study was  

concluded following completion of the second data collection point (midpoint 

testing session) for all participants. This section and the additional four weeks of  

training (eight sessions) were not completed. 

Figure 10. Final testing session flowchart. 
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FINAL TESTING SESSION 

After a minimum recovery period of 72 hours following the last training 

session, the final testing session will take place on the 2nd and 3rd floors of the 3 

Parkway Building, located at 1601 Cherry Street, Philadelphia, PA.  

Grip Force Transducer Evaluation of Grip Force 

 All participants will complete two simultaneous assessments of hand grip 

strength (i.e., grip force transducer and EMG). Maximal voluntary handgrip 

contraction will be assessed using the ADInstruments™ grip force transducer. 

Electromyographic data will be quantified with an ADInstruments™ T Series 

PowerLab™ data acquisition system.  

 Each participant will be seated in a chair with both arms lying supine on a 

table top with full extension at the elbow. Electrodes were properly placed on 

both forearms to record flexor digitorum superficialis activity. While maintaining 

this seated position with electrodes appropriately placed, the participant will 

then pronate the arm to be tested. After a grip force transducer demonstration by 

the experimenter, the participant will then grip the force transducer with its 

handle perpendicular and horizontal to the longitudinal axis of the supinated 

forearm. The participant will then make a fist with her free hand and place that 

fist directly beneath the triceps of the arm to be tested. This will ensure that the 
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electrodes do not come into contact with the tabletop. The participant will then 

perform three unconstrained, maximal voluntary contractions for three seconds, 

with one minute of rest in between attempts.2,21 This testing process will be 

repeated with the remaining arm. The average grip force values for the strongest 

two contractions will be recorded for both hands; thus accounting for the 

possibility of an abnormally weak contraction. 

Electroymographic Testing of the Flexor Digitorum Superficialis 

 The muscle of interest for collecting EMG data, the flexor digitorum 

superficialis, will be located using the methodology employed by Blackwell et 

al.2 While seated with the dominant forearm resting in a supine position on a 

table top and elbows slightly turned in, the participant will be asked to flex the 

fourth finger against external resistance to palpate and visually observe the 

muscle’s contraction. This will be conducted without allowing the participant to 

curl the finger, thus minimizing the contribution of the flexor digitorum 

profundus muscle. 

 Skin preparation for electrode placement will consist of light abrasion and 

cleansing with alcohol; if excess hair is present they will be removed with 

clippers. Appropriate signal placement will be validated by confirming an active 

EMG signal upon finger flexion with a stable wrist, while picking up little to no 
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EMG activity during wrist flexion without finger flexion.2 Electromyographic 

activity of the flexor digitorum superficialis will be recorded using either the two 

yellow leads (channel 1) or two blue leads (channel 2), placed one inch apart 

from each other. The green, grounding lead will be placed on the medial 

epicondyle of the humerus. The placement of the yellow leads will be further 

verified by being close to a quarter of the distance distally from the medial 

epicondyle of the humerus to the skin fold at the wrist.54 After electrode 

placement has been verified for both arms of each participant, two digital 

photographs will be taken of the electrode placement, one for each arm, using a 

ruler as a reference. Afterwards, each participant will then pronate an arm to be 

tested, and grip the force transducer with its handle parallel to the tabletop. The 

participant will then make a fist with her free hand and place that fist directly 

beneath the triceps of the arm to be tested. This will ensure that the electrodes do 

not come into contact with the tabletop. Finally, she will perform three 

unconstrained, maximal voluntary contractions for three seconds, with one 

minute of rest in between attempts. Only one minute of rest will be given 

between contractions, because three seconds of maximal contraction is not likely 

to be fatiguing.2 The participant will then use her remaining arm to repeat the 

test. The activity of the flexor digitorum superficialis will be measured and the 

median and peak frequencies of the power spectrum of the two strongest 
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contractions will be recorded for both arms; thus accounting for the possibility of 

an uncharacteristically low level of muscle activity during a maximal voluntary 

contraction. 

Training Adherence 

 Once enrollment was complete and group assignments were established, 

all participants were encouraged to form training pairs if possible. This was done 

to ensure elevated interest and attendance throughout the study. In addition, the 

researcher offered a number of training sessions per week to ensure training 

adherence. Throughout the training protocol the researcher was present to 

confirm proper form and execution of the deadlift training protocol. In the event 

the researcher could not observe a training session, another qualified 

individual(s) (who will have been properly trained and introduced to 

participants prior to the start of the study) conducted the training for that 

session.  

STATISTICAL ANALYSES 

 This is a feasibility study to examine the effects of using Fat Gripz™ 

throughout an eight-week training program; no power analysis was conducted. 

Information on variability, effect sizes and confidence intervals were obtained to 

appropriately power subsequent studies. 
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5-RM Test Randomization Procedure  

 A random sequence generator (https://www.random.org/sequences/), 

without repetition, will be used to randomly assign each participant a number to 

determine the order of the 5-RM tests. Whole numbers will range from 1 (first 

participant) to a maximum of 50 (last participant), and a random sequence of n ≤ 

50 of nonrepeating numbers will be displayed in two columns. The first column 

will correspond to testing with Fat Gripz™ first, while the second column will 

correspond to testing without Fat Gripz™ first. By varying the order of the 5-RM 

tests, the likelihood that fatigue will be a confounding variable during the 2nd 5-

RM test (during session one) will be decreased. 

Group Assignment Randomization Procedure 

 After the first testing session is complete for all participants, matched 

pairs will be assigned based on tested hand grip strength and deadlift experience 

(e.g., the two participants with the highest tested average hand grip strength will 

be matched to a pair. A random sequence generator 

(https://www.random.org/sequences/), without repetition, will be used to assign 

each participant a number to determine group assignments. Whole numbers will 

range from 1 (first participant) to a maximum of 50 (last participant), and a 

random sequence of n ≤ 50 nonrepeating numbers will be displayed in one 
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column. Each participant’s randomly assigned number will correspond to her 

order of enrollment (i.e., the first random number in the column will correspond 

to the first enrolled participant). All participants will then be rank-ordered based 

on tested grip strength. Within each matched pair, the member with the higher 

random number will be assigned to the experimental group, and the member 

with the lower random number will be assigned to the control group. This 

process will be completed, in the exact same way, for deadlift experience to 

examine any pairing differences. 

 Baseline data collection will be comprised of the hand grip force 

transducer values, EMG amplitude recordings, and initial deadlift 5-RM using 

the Olympic barbell and the Olympic barbell with Fat Gripz™. From the DXA 

scan, the fat free mass will be recorded for use in the Cunningham equation. An 

independent t-test will be used to compare the baseline data between the two 

groups to determine any differences.  For all tests, a significance criterion of 

alpha ≤ 0.05 will be used.  

Specific Aim #1: To examine the effect of using Fat Gripz™ with a barbell 

deadlift, compared to training without Fat Gripz™, on hand grip strength 

measured by a grip force transducer, following eight weeks of training 

performed by female university students and faculty and staff members. 
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  A 2 X 2 (Group: intervention - Fat Gripz™ vs. control) by (Time: baseline 

vs. post-intervention) analysis of variance (ANOVA) with repeated measures on 

the last factor (with hand grip strength from baseline to post-intervention 

compared to Fat Gripz™  the control group) was used to determine differences 

for hand grip strength: based on the findings of the study, the author determined 

that including a half-time to peak force index would not be a relevant 

contribution to the paper, and therefore was not calculated.  

Hypothesis #1: It was hypothesized that participants who trained with Fat 

Gripz™ would have greater baseline to post-intervention change in grip 

strength, greater post-intervention hand grip strength, and have faster half-times 

to peak (not included), measured by grip force transducer, than those who do not 

train with Fat Gripz™. 

Specific Aim #2: To examine the effect of using Fat Gripz™ with a barbell 

deadlift, compared to training without Fat Gripz™, on a five-repetition-

maximum (5-RM) test, following eight weeks of training performed by female 

college students and faculty and staff members. 

 A 2 X 2 (Group: intervention – Fat Gripz™ vs. control) by (Time: baseline 

vs. post-intervention) analysis of variance (ANOVA) with repeated measures on 

the last factor was calculated to determine differences for 5-RM measures. 
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Hypothesis #2: It is hypothesized that participants who train with Fat Gripz™ 

will have a greater baseline to post-intervention change in 5-RM barbell deadlift 

than those who do not train with Fat Gripz™. 

Specific Aim #3: To examine the effect of using Fat Gripz™ with a barbell 

deadlift, compared to training without Fat Gripz™, on flexor digitorum 

superficialis peak and median frequencies measured by electromyography 

(EMG) following eight weeks of training performed by female college 

students and faculty and staff members. 

 A -2 X 2 (Group: intervention – Fat Gripz™ vs. control) X (Time: baseline 

vs. post-intervention) (ANOVA) with repeated measures on the last factor will be 

calculated on median power frequency and, peak power frequency of flexor 

digitorum superficialis activity.  

Hypothesis #3: It is hypothesized that participants who train with Fat Gripz™ 

will have greater peak and median frequencies of the power spectrum, measured 

by EMG activity, compared to those who do not train with Fat Gripz™. 

Removal of Specific Aim #3 

Electromyography analyses of participants’ flexor digitorum superficialis 

muscles were not included in the results of the study. At the time of analysis, the 
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quality of EMG data recorded were too variable to be confidently relied upon. 

Three out of the 13 participants tested had an adequate signal to noise ratio (≥ 

3:1), along with baseline and post-intervention data points for both arms. All 

other participants had unanalyzable data points in one or both arms at either 

baseline, post-intervention or both data collection points.  These unanalyzable 

data points were the result of excessive noise obscuring the activity of the 

muscle, likely a result of less than optimal electrode site preparation (skin 

sanitation/abrasion and gel application) and EMG lead orientation in relation to 

the data acquisition system putting detectable strain on the electrodes.  

Specific Aim #4: To assess whether an association exists between average daily 

energy intake and the change in hand grip strength measured by a grip force 

transducer and a 5-RM test in female college students and faculty and staff 

members. 

 Mean kcal intake was calculated based on the average of three, three-day 

dietary recalls collected between weeks two and three, and was also be expressed 

as a percentage of the Cunningham equation calculated needs for each 

participant. Each participant’s fat free mass obtained from a DXA scan was input 

into the Cunningham equation for analysis. Bivariate Pearson product moment 
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correlation coefficients were computed for average daily kcal intake, change in 5-

RM, and change in hand grip strength. 

Hypothesis #4: It was hypothesized that average energy intake will be associated 

with changes in both hand grip strength and 5-RM. 

Specific Aim #5: To assess whether an association exists between average daily 

protein intake and change in hand grip strength measured by a grip force 

transducer and 5-RM in female university students and faculty and staff 

members. 

 Bivariate Pearson product moment correlation coefficients will be 

computed for average daily protein intake, change in hand grip strength and 

average daily protein intake, and change in 5-RM. 

Hypothesis #5: It was hypothesized that protein intake would not be associated 

with either changes in hand grip strength measured by a grip force transducer or 

5-RM. 

 Cohen’s d effect size index will be calculated for dependent measures and 

used to assist in data interpretation.  All analyses will be done using IBM SPSS ® 

(ver. 23) software. 
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ABSTRACT  

The deadlift is a full body exercise that is incorporated into weight training 

programs to maximize muscular strength. Research has shown that deadlift 

training programs, based on multiple sets of fewer repetitions with heavier 

weight loads, elicit greater strength adaptations than conventional body building 

programs. While the large muscle groups of the body are heavily taxed during the 

performance of the deadlift, the ability of the trainee to maintain grip strength is a 

limiting factor that leads to the employment of mechanical ergogenic aids (i.e., lifting 

straps) in an effort to compensate for this strength imbalance and complete the 

movement. Therefore, training the finger flexors, specifically the flexor digitorum 

superficialis, with the use of a Fat Gripz™ augmented Olympic barbell, might 

lead to increased grip strength and a greater change in deadlift five-repetition-

maximum (5RM). The primary aims of this research were to evaluate hand grip strength, 

measured by a grip force transducer; and compare 5RM improvement following 

training with and without Fat Gripz™. In this study, 13 female university 

students were matched for hand grip strength and then randomly assigned to 

complete a four-week, maximal strength deadlift training program using only an 

Olympic barbell or an Olympic barbell with Fat Gripz™. Participants trained 

twice weekly, increasing to progressively heavier weights each session. In 

addition, they completed 25 deadlift repetitions over the span of five or six sets 

per session. After four weeks of training, the Fat Gripz™ and Olympic barbell 
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groups increased their deadlift 5RM, p = 0.001 and p = 0.02, respectively. 

Although non-significant, the Olympic barbell group experienced a greater 

change in both peak and mean grip strength compared to the Fat Gripz™ group; 

p = 0.084 and p = 0.093 vs. p = 0.445 and p = 0.375, respectively. In conclusion, 

training with Fat Gripz™ was not shown to be superior to deadlift training with 

heavier weights and without Fat Gripz™ on measures of grip strength or deadlift 

5RM in a sample of female university students. 

KEY WORDS Fat Gripz™, Olympic barbell, 5RM, Force 
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INTRODUCTION 

Fat Gripz™ are weightlifting training tools used to challenge grip 

musculature and promote grip strength adaptations. They are designed to be 

placed over the gripping area of any barbell or dumbbell, which increases the 

barbell circumference to that of a thick barbell. When loaded onto an Olympic 

barbell, the circumference of the gripping handle is approximately 19.7 cm; their 

weight accounts for approximately 0.55 kg. This challenges grip musculature to a 

greater degree compared to the same pulling movement (e.g., barbell deadlift) 

without Fat Gripz™ 1. Some researchers have reported that thick barbells 

“appear to provide a novel stimulus for overloading grip musculature” 1; 

however, it is unknown if training with thicker barbells may increase multiple 

repetition maximum (RM) performance in the long term 1. Blackwell et al.2 

observed that raw hand grip force declined as the handle diameter to grasp 

increased. However, they did not examine changes in maximal grip force 

production in response to training 2. To date, there appears to be one 

unpublished study that has been completed involving the effects of training with 

Fat Gripz™. The results of this one study showed a trend towards greater grip 

strength, when using Fat Gripz™ 3.  

Grip strength is dependent upon the size of the item to be gripped in 

relation to hand size, the strength of the flexor digitorum superficialis 2, and the 
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presence or absence of the flexor digitorum superficialis tendon of the fifth finger 

17, among other factors. A participant’s hand size (i.e., length and span) can 

significantly affect hand grip strength and performance of the deadlift 19. 

Bowman et al. 17 discovered that, in contrast to participants who had 

independent flexor digitorum superficialis innervation at the fifth digit, a 

significant strength reduction was observed in participants who had either 

interconnection at the fourth digit, or complete absence of innervation at the fifth 

digit 17. Research has demonstrated that heavy pulling exercise strength greatly 

decreased as barbell diameter increased 1; maximal grip force has been shown to 

be directly related to the length of the finger flexors after grasping an object 2. 

Therefore, by augmenting the circumference of the barbell, and thus difficulty for 

a heavy pulling exercise, greater measures of grip strength are required to 

perform the deadlift.  

The barbell deadlift is a multi-joint, total body exercise that places 

considerable stress on the muscles of the lower back, legs, and hips, while 

activating all the major muscles of the body (5, 16). Without the use of 

mechanical ergogenic aids (i.e., lifting straps), the ability of the trainee to make 

considerable one-repetition-maximum (1RM) deadlift improvements is heavily 

dependent upon her/his grip strength 1,16. A trainee may have the requisite 

truncal and/or lower extremity strength to perform the deadlift; however, if force 



 94 

production of the finger flexors against the barbell is insufficient, the attempt will 

end in failure. We aimed to identify if consistent use of Fat Gripz™ during 

deadlift training was an effective way to enhance grip strength without 

compromising deadlift power. 

Researchers have shown that maximal strength training is superior to 

conventional training in improving a trainee’s muscular strength, and therefore, 

1RM 57. Maximal strength training involves lifting loads heavier than 80% of a 

trainee’s 1RM for four to six repetitions per set, with approximately three-minute 

rest periods in between sets. In contrast, conventional training, which involves 

using lighter loads, usually consists of three sets of 10 repetitions with two 

minutes of rest 4-6. In samples of untrained participants, data show that muscular 

strength significantly increases within eight weeks regardless of training 

methodology 8,11. For this study, a 5RM was performed instead of 1-RM. 

Multiple-RM testing is considered a safer and more accurate test of strength for 

beginners, and is a common testing method for experienced athletes entering a 

strength training program 7.  

In addition to the repetition scheme, total energy and protein intake are 

dietary factors that affect exercise performance, recovery, and training 

adaptations in individuals who engage in resistance training 58. The 

recommended daily protein range for strength athletes has been identified as 
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between 1.2 and 1.7 g/kg/day 59. While protein is undoubtedly the vital dietary 

substrate for recovery and promotion of positive nitrogen balance in a strength 

athlete, research suggests total energy intake is a more important dietary 

component than total protein intake in promoting increases in strength 41. 

Additionally, frequent breakfast consumption, and thus higher average energy 

and protein intakes, has been associated with greater measures of grip strength 14 

Most researchers who have conducted training studies have studied male 

participants, and only a small number of researchers have used mixed gender 

samples 11-13. Having an all-female sample complete a deadlift training protocol 

aimed at identifying grip strength and 5RM deadlift differences with Fat Gripz™ 

would be the first study of its kind.  

Therefore, the purpose of this study was to evaluate the effectiveness of 

deadlift training with Fat Gripz™ on measures of grip strength in an all-female 

sample. The principal hypothesis of the study was that participants who trained 

with Fat Gripz™ would have greater absolute grip strength and a greater within 

group change in their grip strength, both measured by a grip force transducer, 

than participants who did not train with Fat Gripz™. Secondary hypotheses 

were as follows: the Fat Gripz™ group would experience a greater baseline to 

post-intervention change in Olympic barbell 5RM deadlift as a result of increased 

grip strength; and energy but not protein intake would be associated with 
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changes in hand grip and 5RM deadlift strength. To date, no research has been 

conducted evaluating the effectiveness of deadlift training with Fat Gripz™ on 

measures of grip strength. 

 

 

METHODS 

Experimental Approach to the Problem 

Research has demonstrated that there is an inverse relationship between 

barbell circumference and strength when performing a heavy pulling exercise 

such as the deadlift 1. However, data on the effects of consistent deadlift training 

with a thicker barbell in an all-female sample are lacking. To mimic training with 

a thicker barbell, we used Fat Gripz™ in this study, which have not been 

formally researched with respect to their training effects. Participants performed 

five sets of five maximal deadlift repetitions, twice a week for four weeks with 

Fat Gripz™ or without Fat Gripz™. The dependent variables included grip 

strength via force transduction and Olympic barbell 5RM values. This feasibility 

study used a randomized parallel design to answer the question: What are the 

effects of deadlift training with Fat Gripz™ on measures of grip strength and 

5RM performance? 

Subjects 
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Approval for the study was obtained from the Institutional Review Board 

at Drexel University. Written and verbal informed consent was obtained from all 

participants prior to beginning the study. 

Participants were 13 healthy female volunteers, recruited from a 

university population. Participant characteristics are presented in Table 1. 

Exclusion criteria consisted of the following: interested individuals who were not 

between 18 to 55 years of age, were not affiliated with Drexel University, were 

unavailable for the duration of the study, had a history of musculoskeletal 

injuries that would require special consideration, were pregnant or planning to 

become pregnant, or who did not wish to use the Automated Self-administered 

24-hour Recall (ASA24™).  

 

Table 1 about here. 

 

Procedures 

Participants were matched for grip strength and then randomly assigned 

to train with Fat Gripz™ (n = 6) or without Fat Gripz™ (n = 7).  Participants 

completed the study sessions in the order outlined in Table 2.  

 

Table 2 about here. 
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Measurements 

The ability to perform the deadlift is also affected by an individual’s body 

proportions 32. Therefore, during the baseline measurements session, participants 

had the following body measurements taken in duplicate: dominant hand length 

and width via tracing 1; stature and weight via stadiometer; and arm, leg, and 

torso lengths, via soft measuring tape using the anatomical landmarks outlined 

by Hales 32. Height was determined to the nearest 0.5 centimeters (cm) with a 

sliding vertical scale stadiometer (Seca, Chino, CA). Body weight was measured 

to the nearest 0.25 pounds with a calibrated balance beam scale (Seca, Chino, 

CA). 

To estimate an individual’s energy needs, an equation such as the 

Cunningham equation can be used; however, this equation requires an accurate 

measurement of body composition 42. A reliable way to obtain measures of body 

composition is through the use of Dual energy X-ray absorptiometry (DXA). This 

method of measurement is considered the gold standard for body composition 

(lean and fat mass) and bone mineral density testing because of its high 

precision, ease of use, and noninvasive nature 43,44.  During baseline 

measurements, all participants had a DXA scan performed to obtain measures of 
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lean body mass necessary to calculate energy needs using the Cunningham 

equation.  

All participants had their flexor digitorum superficialis muscles tested for 

independent innervation of their fifth digit. Independent innervation was 

confirmed if full flexion was possible at the metacarpophalangeal and proximal 

interphalangeal joints, while the researcher held the participant’s second through 

fourth digits in extension. Full flexion at the both joints was considered definitive 

evidence of independent innervation. If full flexion was not obtained, a modified 

test was performed, whereby the researcher held the participant’s second and 

third digits in extension 17. As part of grip strength evaluation, all participants 

had both of their hands tested for grip strength using an ADInstruments™ grip 

force transducer (Colorado Springs, CO). For testing, each participant was seated 

in a chair with the arm to be tested lying prone on a table top with full extension 

at the elbow. The participant’s free hand was made into a fist and placed directly 

beneath the triceps of the arm to be tested. Using the grip force transducer, the 

participant then performed a total of three, three-second maximal voluntary 

contractions separated by one minute of rest in between contractions 2,21. The 

testing process was repeated with the remaining arm. The average grip force 

peak and mean values for the strongest two contractions were recorded for both 
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hands in an effort to account for the possibility of an abnormally weak 

contraction.  

Deadlift Methods 

After a minimum of five minutes to account for the unlikely event of 

fatigue from the hand grip strength test, participants who had never deadlifted 

before practiced the deadlift using the Olympic barbell 2. The Olympic barbell 

was raised to a starting height of ~22 cm to be nearly identical to the actual 

starting height used for all testing and training. All participants were required to 

deadlift using a double-pronated grip to maintain stress on the finger flexors 

while limiting assistance from the biceps brachii 60. Participants kept their feet flat 

on the floor using a shoulder width bilateral stance with feet slightly abducted. 

Participants descended by flexing the hips and knees, keeping the hips lower 

than the shoulders. They maintained an erect torso, normal lordotic arch, slightly 

extended cervical spine, with their elbows fully extended, and shoulders over the 

bar. Participants began the ascent phase by taking a large breath and then 

breathing out while lifting the barbell off of the floor. This was accomplished by 

extending the hips and knees while keeping a constant floor-to-torso angle. As 

the barbell was being raised as a result of hip and knee extension, the 

participants were instructed to keep the barbell as close to the shins and thighs as 

possible through the range of motion of the lift, which was completed when full 
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knee and hip extension is reached 13. Consistent with Stock and Thompson 11, a 

heightened focus was placed on the lower back position of participants during 

the movement. Participants were instructed not to drop or “bounce the weight” 

and the use of the Valsalva maneuver was discouraged. Throughout the training 

study, all participants were given the option to chalk their hands prior to every 

training set 11. 

Repetition Maximum Tests 

Because we investigated hand grip strength outcomes in participants with 

various training experience, we determined that the use of 1RM testing at the 

start of intervention was an unnecessary safety risk, and instead a 5RM test was 

performed 7. Two, 5RM tests were completed by all participants: one 5RM test 

was performed with the Olympic barbell only, and the other 5RM test was 

performed using the Fat Gripz™ augmented Olympic barbell. The order of these 

5RM tests was randomized to reduce the chance of fatigue from the first 5RM test 

affecting the integrity of the study. Two, 5RM tests were performed to keep the 

total volume of work consistent between groups, and to determine the initial 

training load for both groups. After at least 72 hours of rest following the eighth 

training session, only one 5RM test using the Olympic barbell without Fat 

Gripz™ occurred to evaluate the effects of training with Fat Gripz™.  
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The 5RM test was conducted in the following way: in an effort to ensure a 

consistent barbell starting height of 22.2 cm (Olympic plates have a diameter of 

~44.5 cm) for all participants, 4.5 kg bumper plates were added to the barbell for 

all loads below 61.2 kg.12 After a warm up consisting of 10 walkouts followed by 

20 unilateral glute bridges (10 with each leg), each participant completed a light 

warm-up with a load of at least 29.5 kg. Participants then performed two sets of 

five repetitions with three to seven minutes of rest in between each set. During 

these two sets, the experimenter made sure each participant’s form was correct, 

and answered any clarifying questions. In an effort to control barbell velocity, the 

metronome smartphone application MetroTimer was used. Using this 

application, a smartphone produced an audible cue every two seconds (30 beats 

per minute). Participants were instructed to perform the deadlift consistent with 

tempo of the metronome (two seconds up, two seconds down). Participants were 

also allowed to readjust grip providing each repetition is still accomplished 

within the metronome tempo.  Then, 4.5 to 9 kg was added per set until 

participants were not able to successfully complete five repetitions.  Consistent 

with the testing protocol used by Bishop et al. 29, participants were not allowed to 

continue the set if a technical breakdown occurred during the 5RM attempt. A 

technical breakdown was defined as minimal to no knee bend during extension, 

rounding of the back, and head and shoulders tilting over the feet 29. At this 
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point, 2.3 to 4.5 kg was removed, and after three to five seven minutes of rest the 

participant re-attempted her 5RM. If five repetitions were performed successfully 

that was be considered the participant’s 5RM. Otherwise, the last successful 

execution of five repetitions safely and within tempo was considered the 

participant’s 5RM. In accordance with the National Strength and Conditioning 

Association (NSCA) 1RM testing protocol, each participant’s 5RM was measured 

within five testing sets 7. 

Training 

As a means of progressive overload, 2.3 kg was added to the total weight 

after each training session for the following session 11. After a warm-up 

consisting of 10 walkouts followed by 20 unilateral glute bridges (10 with each 

leg), participants performed 0 to 2 warm-up sets, depending on the training 

weight. Participants performed each set after at least three minutes of rest to a 

maximum of seven minutes of rest. If participants were unable to all perform five 

sets of five repetitions with correct form during a set, 1.1 to 2.3 kg was removed. 

If all five repetitions were not performed for each of the five sets, a sixth set was 

added to reach the goal volume of 25 repetitions 11. For the remaining sessions, 

the weight increased by 1.1 kg. Participants were instructed to drink plenty of 

water, avoid lower body exercise, and to try to get seven to eight hours of sleep, 

prior to each session 11. 
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Dietary Intake 

 To estimate dietary intake, all participants were required to complete a 

total of three, 24-hour dietary recalls using the National Cancer Institute’s 

Automated Self-administered 24-hour Recall (ASA24™) 

(https://asa24.nci.nih.gov/). The 24-hour dietary recalls were collected during 

weeks two and three (three days). The ASA24™ tool was chosen because of its 

ease of use and high reliability. The ASA24™ tool provides an animated guide, 

visual cues, and the ability to modify food and drink choices at multiple points. 

As part of the interview, the tool asked detailed questions about food 

preparation, portion size, and the location and timing of meals.  

 The participants were not required to complete the record in three 

consecutive days, but they were required to record all of their food and beverage 

consumption for two weekdays and one weekend day. Upon enrollment, 

participants were provided the study specific ASA24™ respondent link, along 

with participant specific usernames and passwords, and were instructed to 

digitally record all meals, beverages, supplements (if applicable), and snacks 

consumed, to maximize accuracy. Participants were also instructed to complete 

the ASA24™ demonstration module (https://asa24.nci.nih.gov/demo.aspx) prior 
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to recording their baseline dietary intakes to ensure basic understanding of the 

tool.  

Statistical Analyses 

This feasibility study examined the effects of using Fat Gripz™ 

throughout a four-week training program. Information on variability, effect sizes 

and confidence intervals was obtained to appropriately power subsequent 

studies. The normality of the distribution of the dependent variables was 

determined using the Shapiro-Wilk test. Descriptive statistics (mean ± SD) were 

performed for all dependent variables. An independent t-test was completed to 

compare baseline data between the two groups to determine any differences.  For 

all tests, a significance criterion of alpha ≤ 0.05 was used. Two, two-way (Group: 

Fat Gripz™ vs. control) by (Time: baseline vs. post-intervention) analysis of 

variance (ANOVA) with repeated measures on the last factor were calculated to 

determine differences for 5RM measures and hand grip strength. Cohen’s d 

effect sizes were calculated for all dependent measures tested in the ANOVAs 

and used to assist in data interpretation. Paired samples t-tests were calculated to 

determine if baseline to post-intervention changes within groups were 

significant. Bivariate Pearson product moment correlation coefficients were 

computed for average daily energy intake, average daily protein intake, percent 

change in 5RM, percent change in hand grip strength using peak values, and 
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percent change in hand grip strength using mean values. All analyses were done 

using IBM SPSS ® (ver. 23) software. 

RESULTS 

All 13 participants were included in data analyses; however, one 

participant completed 75% of the training protocol, one participant was unable to 

lift the Fat Gripz™ augmented Olympic barbell loaded with two, 4.5 kg bumper 

plates, and two additional participants missed and subsequently made up a 

week of training sessions (two sessions). All participants were included in the 

analyses because significant findings did not differ when compared to the 

analyses of the nine participants that completed the protocol without exception.  

Grip Strength 

Grip strength data are shown in Table 3; no significant interaction effects 

were observed. There was a significant effect of time on grip strength peak 

values (F1,11 = 6.077, p = 0.031, Wilk’s Lambda 0.627) and a significant effect of 

time on grip strength mean values (F1,11 = 6.546, p = 0.027, Wilk’s Lambda = 0.644). 

Results in the Olympic barbell group showed a trend for greater force change 

(Newtons); peak force change (Figure 2) t(6) = 2.068, p = 0.084, standard deviation 

(SD) = 31.5, 95% Confidence Interval (CI) = [-4.5 to 53.8] and mean force change 

(Figure 3) t(6) = 1.995, p = 0.093, SD = 27.4, 95% CI = [-4.7 to 46.0]. No trends were 

discovered in the Fat Gripz™ group; peak change t(5) = 0.829, p = 0.445, SD = 
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15.2, 95%CI = [-10.8 to 21.1] and mean force change t(5) = 0.973, p = 0.375, SD = 

10.5, 95% CI = [-6.8 to 15.2]. The covariates of lean body mass, average hand 

width, and average hand length, were also examined with respect to hand grip 

strength. The strongest trend that emerged was for the interaction of the change 

in average peak grip force and average hand length (Wilk’s Lambda = 0.905, F = 

1.045, p = 0.331).   

 

Figures 11 and 12 about here. 

 

5RM Deadlift 

Five repetition maximal deadlift data are shown in Table 3. There was a 

significant effect of time on 5RM deadlift (F1,11 = 45.079, p  = 0.000033, Wilk’s 

Lambda = 0.196). The Olympic barbell group experienced a significant pre-post 

change in deadlift (kg) t(6) = 6.042, p = 0.0009, SD = 8.3, 95%CI = [11.3 to 26.7], as 

did the Fat Gripz™ group t(5) = 3.566, p = 0.0161, SD = 8.5, 95%CI = [3.4 to 21.2]. 

The covariates of lean body mass, average hand width, and average hand length, 

were also examined with respect to 5RM strength. The strongest trend that 

emerged was for the interaction of change in deadlift 5RM and average hand 

width (Wilk’s Lambda = 0.793, F = 2.348, p = 0.160).  The percentage change in 

grip strength peak was significantly associated with percentage change in 5RM (r 
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= 0.536, p = 0.030).  Percentage change in 5RM was not associated with lean body 

mass (r = -0.027, p = 0.465). 

 

Figure 13 and Table 3 about here. 

 

Dietary Variables 

Associations between energy and protein intake and measures of percentage 

strength change from twelve participants (one participant did not record any 

dietary information) are shown in Table 4. No significant associations were 

observed between energy intake and strength change or between protein intake 

and strength change. The participants’ energy intakes expressed as percentages 

of Cunningham equation estimated needs were not significantly different t(10) = 

0.409, p = 0.691, standard error (SE) = 19.76, 95%CI = [-35.9 to 52.1].   

 

Table 4 about here. 

 

DISCUSSION 

To the authors’ knowledge, this is the first study to investigate the effects 

of deadlift training with Fat Gripz™ on measures of grip and 5RM strength in an 

all-female sample. The principal finding of the study was that consistent, twice-
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weekly deadlift training with or without Fat Gripz™ was sufficient to 

significantly increase 5RM deadlift strength and grip strength. However, deadlift 

training with Fat Gripz™ did not appear to be an advantageous strategy to 

increase grip strength, nor was it more effective than training with an Olympic 

barbell on measures of deadlift 5RM. Furthermore, neither protein nor energy 

intake was shown to have any meaningful association with changes in 5RM 

deadlift or grip strength.  

Grip Strength  

In the Fat Gripz™ group, two participants had independent innervation of 

the fifth digit in both hands, while the remaining four had interconnected 

innervation in both hands. In the control group, two out of seven participants 

had independent innervation in both hands, three had independent innervation 

in one hand but not the other, and three had interconnected innervation in both 

hands. 

Peak and mean grip strength values were significantly greater at post-

intervention; however, when both groups were analyzed individually, neither 

group experienced a significantly different change. The finding that grip strength 

change was significantly and positively associated with deadlift 5RM change 

supports previous research that strong grip strength is necessary for successful 

weightlifting performance 1,16. Given the increased demand on the finger flexors 
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when training with Fat Gripz™, this finding was surprising. The main issue with 

Fat Gripz™ training with this sample of participants was hand anthropometrics, 

which have been shown to affect grip strength 19. As a result of small hand size, 

one participant was unable to competently lift the Olympic barbell with Fat 

Gripz™ for five sets of 5RM deadlifts throughout the duration of the study. This 

was likely a result of the participant being unable to sufficiently flex her distal 

interphalangeal joints, limiting the flexor digitorum superficialis muscle’s ability 

to exert the necessary compressive forces 10. Moreover, all participants in the Fat 

Gripz™ group eventually had to decrease their training weight as a result of 

gripping difficulty. Of note, the two participants who made the most 

improvement training with Fat Gripz™ had the largest hand sizes relative to 

other Fat Gripz™ group participants. Based on our findings, it is likely that there 

is a minimum hand size that an athlete would need require to benefit from 

deadlift training with Fat Gripz™.  

5RM Deadlift Strength 

All participants had the body segment combination of elongated torsos, 

defined as greater than 32% of body stature (48.8 ± 1.8), and elongated arms, 

defined as >38% of body stature (40.6 ± 1.4). The combination of elongated torso 

and elongated arms was previously identified as an advantageous combination 

for conventional deadlifting 32. Maximal strength training was an effective 



 111 

protocol which elicited significant increases in 5RM deadlift over the course of 

the study for both groups 61; however, confounding variables were present that 

may have affected training outcomes. A limitation of this study was the 

subjective determination of the participants’ 5RM deadlifts 11. Several 

participants were not able to perform a properly executed 5RM deadlift beyond 

29.5 to 36.4 kg at baseline, despite having the strength necessary to do so. In these 

cases, weight was not increased during the 5RM test because it was deemed 

unsafe given the improper form displayed while executing the lift. Furthermore, 

some participants were able to perform 5RM deadlifts with heavier weight than 

what was recorded as their 5RM; the result of completing the set of metronome 

tempo and/or with features of technical breakdown (e.g., rounding of the lower 

back). Other participants did not wish to attempt a heavier load after successfully 

completing a previous 5RM set during testing. Despite these inconsistencies, 

through training and coaching, these participants were able to make marked 

5RM improvements. 

Solo or pair training, illness, muscular fatigue, and injuries were also 

factors that may have affected training outcomes. Participants in this study were 

encouraged to train together, and over the course of the study, nearly every 

participant trained with another participant during at least one session; two 

participants consistently trained together. Training conditions were not strictly 
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separated (Fat Gripz™ and Olympic barbell group members trained together); 

however, participants who trained together did not perform noticeably worse or 

better when subsequently training alone.  

The majority of participants exercised ≥ 3 times per week, and some had residual 

soreness prior to training. While all participants were instructed to avoid 

performing deadlifts outside of the study, not all participants were able to follow 

this guideline as a result of participation in organized competition or group 

exercise classes; this generally did not affect their performances. Similar to 

previous research, participants who trained with Fat Gripz™ commented on 

experiencing delayed onset muscle soreness (DOMS) in their forearms 1. Over the 

course of the study, three participants developed a cold yet still attended their 

training session. Their performance on those training days was considerably 

worse than previous sessions. Finally, one participant sustained an ankle injury 

and another participant sustained an Achilles tendon injury outside of the study. 

Nonetheless, both participants did not complain of pain during deadlifting.  

Dietary Intake 

While protein intake was more closely associated than energy intake with 

changes in strength, this finding was non-significant. The majority of participants 

also ingested less energy than what was estimated with the Cunningham 

equation. The  Fat Gripz™  group had a mean protein intake of ~1.2 g/kg of total 
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body weight, while the Olympic barbell group had a mean protein intake of ~1.5 

g/kg of total body weight. Although both averages are within the recommended 

protein intake for strength athletes 59, it is still possible that it may have affected 

the observed difference in grip strength. It is also likely that dietary factors were 

not significantly associated with strength change as a result of the overall 

beginner level of experience the participants had with conventional deadlifting. 

If all participants were both trained in the deadlift and desired to increase lean 

body mass prior to the study, dietary factors, including nutrient timing and total 

energy intake, may have played a greater role 37,39.  

Given the results and trends that emerged from this study, it is unlikely 

that extending the study duration would have improved the outcome of training 

with Fat Gripz™ on measures of grip strength. Consequently, an investigation of 

the strength effects of having females perform grip strength exercises with Fat 

Gripz™ as a supplement to conventional Olympic barbell deadlift training is 

worth conducting. 

PRACTICAL APPLICATIONS 

Fat Gripz™ can be combined with a strength training deadlift protocol to 

significantly increase 5RM deadlift strength performance in female university 

students. However the results of this study suggest that training with heavier 
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weight and without Fat Gripz™ is a more efficient way to increase grip strength 

and deadlift performance, especially when hand sizes are relatively small.   



 115 

References for Journal Manuscript 

1. Baechle TR and Earle RW. Essentials of Strength Training and 

Conditioning. Champaign, IL, 2008, pp 381–410. 

2. Bishop A, DeBeliso M, Sevene TG, and Adams KJ. Comparing One 

Repetition Maximum and Three Repetition Maximum Between 

Conventional and Eccentrically Loaded Deadlifts. Journal of Strength and 

Conditioning Research 28: 1820-1825, 2014. 

3. Blackwell JR, Kornatz KW, and Heath EM. Effect of grip span on maximal 

grip force and fatigue of flexor digitorum superficialis. Applied Ergonomics 

30: 401-405, 1999. 

4. Bowman P, Johnson L, Chiapetta A, Mitchell A, and Belusko E. The 

clinical impact of the presence or absence of the fifth finger flexor 

digitorum superficialis on grip strength. Journal of Hand Therapy 16: 245-

248, 2003. 

5. Campos GE, Luecke TJ, Wendeln HK, Toma K, Hagerman FC, Murray TF, 

Ragg KE, Ratamess NA, Kraemer WJ, and Staron RS. Muscular 

adaptations in response to three different resistance-training regimens: 

specificity of repetition maximum training zones. European journal of 

applied physiology 88: 50-60, 2002. 

6. Cunningham JJ. A reanalysis of the factors influencing basal metabolic 

rate in normal adults. The American Journal of Clinical Nutrition 33: 2372, 

1980. 

7. Ebben WP, Feldmann CR, Dayne A, Mitsche D, Alexander P, and 

Knetzger KJ. Muscle activation during lower body resistance training. 

International journal of sports medicine 30: 1-8, 2009. 

8. Fallahi AA and Jadidian AA. The Effect of Hand Dimensions, Hand Shape 

and Some Anthropometric Characteristics on Handgrip Strength in Male 

Grip Athletes and Non-Athletes. Journal of Human Kinetics 29: 151-159, 

2011. 

9. Garthe I, Raastad T, and Sundgot-Borgen J. Long-term effect of nutritional 

counselling on desired gain in body mass and lean body mass in elite 

athletes. Applied Physiology, Nutrition, and Metabolism 36: 547-554, 2011. 

10. Hales M. Improving the Deadlift: Understanding Biomechanical 

Constraints and Physiological Adaptations to Resistance Exercise. Strength 

and Conditioning Journal 32: 44-51, 2010. 

11. Heggelund J, Fimland MS, Helgerud J, and Hoff J. Maximal strength 

training improves work economy, rate of force development and maximal 

strength more than conventional strength training. European journal of 

applied physiology 113: 1565-1573, 2013. 



 116 

12. Heggelund J, Fimland MS, Helgerud J, and Hoff J. Maximal strength 

training improves work economy, rate of force development and maximal 

strength more than conventional strength training. European Journal of 

Applied Physiology 113: 1565-1573, 2013. 

13. Heyboer N, Leathley C, and VanZytveld M. The Effect of 4 Weeks of "Fat 

Gripz" on Grip Strength in Male and Female Collegiate Athletes. 13th 

Annual Celebration for Undergraduate Research and Creative Performance 

Paper 119, 2014. 

14. Hoffman JR, Ratamess NA, Kang J, Falvo MJ, and Faigenbaum AD. Effect 

of protein intake on strength, body composition and endocrine changes in 

strength/power athletes. Journal of the International Society of Sports 

Nutrition 3: 12-18, 2006. 

15. Huang C, Niu K, Momma H, Kobayashi Y, Guan L, Chujo M, Otomo A, 

Cui Y, and Nagatomi R. Breakfast consumption frequency is associated 

with grip strength in a population of healthy Japanese adults. Nutrition, 

metabolism, and cardiovascular diseases : NMCD 24: 648-655, 2014. 

16. Kaufmann RA, Kozin SH, Mirarchi A, Holland B, and Porter S. 

Biomechanical analysis of flexor digitorum profundus and superficialis in 

grip-strength generation. American journal of orthopedics (Belle Mead, NJ) 36: 

E128, 2007. 

17. Kirwan RD, Kordick LK, McFarland S, Lancaster D, Clark K, and Miles 

MP. Dietary, anthropometric, blood-lipid, and performance patterns of 

American College Football Players during 8 weeks of training. 

International Journal of Sport Nutrition and Exercise Metabolism 22: 444, 2012. 

18. Kraemer WJ and Ratamess NA. Fundamentals of resistance training: 

progression and exercise prescription. Medicine and science in sports and 

exercise 36: 674-688, 2004. 

19. L. B. Comparison of Muscle Activation and Kinematics During the 

Deadlift Using a Double-Pronated and Overhand/Underhand Grip 

(master's thesis). Lexington, KY: University of Kentucky, 2011. 

20. Laskey MA. Dual-energy X-ray absorptiometry and body composition. 

UNITED STATES: Elsevier Inc, 1996, pp 45-51. 

21. Mori H. Effect of timing of protein and carbohydrate intake after 

resistance exercise on nitrogen balance in trained and untrained young 

men. Journal of physiological anthropology 33: 24-24, 2014. 

22. Morrissey MC, Harman EA, Frykman PN, and Han KH. Early Phase 

Differential Effects of Slow and Fast Barbell Squat Training. The American 

Journal of Sports Medicine 26: 221-230, 1998. 



 117 

23. O'Driscoll SW, Horii E, Ness R, Cahalan TD, Richards RR, and An K-N. 

The relationship between wrist position, grasp size, and grip strength. The 

Journal of Hand Surgery 17: 169-177, 1992. 

24. Palchetti CZ, Patin RV, Machado DM, Szejnfeld VL, Succi RCdM, and 

Oliveira FLC. Body Composition in Prepubertal, HIV-Infected Children: A 

Comparison of Bioelectrical Impedance Analysis and Dual-Energy X-Ray 

Absorptiometry. Nutrition in Clinical Practice 28: 247-252, 2013. 

25. Ratamess NA, Faigenbaum AD, Mangine GT, Hoffman JR, and Kang JIE. 

ACUTE MUSCULAR STRENGTH ASSESSMENT USING FREE WEIGHT 

BARS OF DIFFERENT THICKNESS. Journal of Strength and Conditioning 

Research 21: 240-244, 2007. 

26. Rodriguez NR, American College of Sports Medicine N, Athletic P, 

Dietitians of C, and American Dietetic A. Position of the American Dietetic 

Association, Dietitians of Canada, and the American College of Sports 

Medicine: Nutrition and athletic performance. J Am Diet Assoc 109: 509-

527, 2009. 

27. Rozenek R, Ward P, Long S, and Garhammer J. Effects of high-calorie 

supplements on body composition and muscular strength following 

resistance training. The Journal of sports medicine and physical fitness 42: 340, 

2002. 

28. Schoenfeld BJ, Ratamess NA, Peterson MD, Contreras B, Sonmez GT, and 

Alvar BA. Effects of Different Volume-Equated Resistance Training 

Loading Strategies on Muscular Adaptations in Well-Trained Men. Journal 

of Strength and Conditioning Research 28: 2909-2918, 2014. 

29. Slater G and Phillips SM. Nutrition guidelines for strength sports: 

Sprinting, weightlifting, throwing events, and bodybuilding. Journal of 

Sports Sciences 29: S67-S77, 2011. 

30. Stock MS and Thompson BJ. Sex comparisons of strength and coactivation 

following ten weeks of deadlift training. Journal of Musculoskeletal & 

Neuronal Interactions 14: 387, 2014. 

31. Thompson BJ. Barbell Deadlift Training Increases the Rate of Torque 

Development and Vertical Jump Performance in Novices. Journal of 

Strength and Conditioning Research 29: 1-10, 2015. 

32. Waldo BR. Grip Strength Testing. STRENGTH AND CONDITIONING 

JOURNAL 18: 32, 1996. 

 

 



 118 

ACKNOWLEDGEMENTS 

The authors’ would like to thank Fat Gripz for providing their product for 

evaluation. We also would like to recognize the support provided by Jody 

Herman and Benjamin Graff in their roles as research assistants. The results of 

the present study do not constitute endorsement of the product by the authors or 

the NSCA. We have no conflicts of interest to declare.  

  



 119 

Figure Legends 

Figure 11. Graphical representation of the grip strength change (peak values) in 

Newton force from baseline to post-intervention for Fat Gripz™ and Olympic 

barbell groups, means (± Standard Error). 

 

Figure 12. Graphical representation of the grip strength change (mean values) in 

Newton force from baseline to post-intervention for Fat Gripz™ and Olympic 

barbell groups, means (± Standard Error). 

 

Figure 13. Graphical representation of the 5 repetition maximum deadlift change 

in kilograms without Fat Gripz™ from baseline to post-intervention for Fat 

Gripz™ and Olympic barbell groups, means (± Standard Error). 

*Represents significant difference. 
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Tables 

TABLE 1. Mean (± Standard Deviation) Participant Characteristics 

Variable Fat Gripz™ Group  

(n = 6) 

Olympic Barbell Group 

(n = 7) 

Age (years) 

Height (cm) 

Weight (kg) 

Body mass index (kg/m2) 

Lean body mass (kg) 

Training experience 

(years) 

Average arm length (cm) 

Average leg length (cm) 

Average hand length (cm) 

Average hand width (cm) 

Torso length (cm) 

Grip strength (kg) 

Average peak  

Average mean  

24.2 (3.0) 

161.2 (8.7) 

 

58.0 (7.6) 

 

22.3 (3.1) 

 

37.8 (5.3) 

 

2.5 (3.3) 

 

64.8 (4.4) 

 

82.2 (7.4) 

 

17.6 (1.0) 

 

13.9 (0.8) 

 

79.0 (3.5) 

 

 

 

25.1 (6.3) 

 

21.1 (6.0) 

 

41.2 (10.5) 

 

1899.1 (400.1) 

26.7 (3.9) 

163.0 (3.7) 

58.8 (11.7) 

 

22.1 (3.7) 

 

41.3 (6.8) 

 

3.7 (4.5) 

 

67.0 (2.0) 

 

84.1 (2.6) 

 

17.9 (0.6) 

 

14.3 (0.6) 

 

78.9 (3.4) 

 

 

 

24.8 (8.2) 

 

21.1 (7.5) 

 

48.6 (20.3) 

 

1949.0 (826.4) 
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Olympic barbell 5RM (kg) 

Average daily energy 

intake (kilocalories; n = 12) 

Average daily protein 

intake (grams; n = 12) 

Energy intake / predicted 

Cunningham equation 

needs (%) 

 

 

 

70.1 (20.3) 

 

 

 

98.7 (22.5) 

 

 

 

89.2 (47.9) 

 

 

 

90.6 (39.5) 

Cm = centimeters; kg = kilograms; m2 = meters squared 

No significant differences between groups at baseline 
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TABLE 2.   Study Flowchart of Sessions, Time Frame, Measurements, and Tests 

for Fat Gripz™ and Olympic Barbell Groups 

Protocol Baseline 

Measurement

s Session  

Baseline  

Testing 

Session  

Eight Training 

Sessions  

Final 

Testing 

Session  

 

 Week 1 Weeks 1 - 2 Weeks 2 - 5 Week 6 - 7 

Fat 

Gripz™ 

group  

& 

Olympic 

Barbell 

Signed informed 

consent, 

completed 

Physical 

Activity 

Readiness 

Questionnaire 

(PAR-Q), 

anthropometric 

measurements, 

and Dual X-ray 

Absorptiometry 

Force transducer 

evaluation of 

grip strength, 

deadlift 

demonstration, 

and 5RM tests  

Mobility 

warm up, 

performance 

of five sets of 

5RM 

deadlifts 

twice weekly 

with 

metronome, 

3, 24-hour 

dietary 

recalls  

Make up 

training 

sessions (if 

necessary), and  

force 

transducer 

evaluation of 

grip strength, 

deadlift 

demonstration, 

and 5RM test 

(all 
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scan  

 

participants) 
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TABLE 3. Mean (± Standard Deviation), Percent Change, Confidence Intervals, and Cohen’s d Values for Five 

Repetition Maximum and Grip Strength Variables Baseline to Post-intervention for Fat Gripz™ and Olympic 

Barbell Groups 

 

 

Variable 

 

Fat Gripz™ Group 

 

% 

Change 

 

Olympic Barbell 

 

 

% 

Change 

 

Interaction (p-

value) 

 

Cohen’s d 

(Fat 

Gripz™ 

group, 

pre-post) 

 

Cohen’s d 

(between-

group post 

differences) 

Baseline 

(SD) 

95% CI 

Post-

Intervention 

(SD) 

95% CI 

Baseline 

(SD) 95% 

CI 

Post-

Intervention 

(SD) 

95% CI 

Grip 

strength  

(peak, N) 

247.3 (62.5) 

182.1 – 

312.5 

256.3 (69.2) 

193.7 – 319.0 

3.6 246.5 (80.0) 

186.1 – 

306.8 

273.7 

(70.0) 

 

215.7 – 331.6 

11.0 0.223 0.14 0.25 

Grip 

Strength  

(mean, N) 

209.1 

(58.5) 

149.0 – 

220.2 (61.3) 

162.6 – 277.8 

5.3 209.7 (73.1) 

154.1 – 

265.3 

229.7 

(66.4) 

9.6 0.494 0.18 0.15 
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269.1 
176.5 – 

283.2 

5RM 

Olympic 

deadlift 

(kg) 

 

41.3 

(10.5) 

26.4 – 

56.2 

53.6*  

(10.6) 

39.8 –  

67.4 

29.8 48.7  

(20.3) 

34.9 – 

62.5 

67.7* 

(18.5) 

54.9 – 

80.5 

39 0.180 1.17 0.94 

Interaction effects are reported as group (Fat Gripz™ and Olympic Barbell) by time (baseline versus post-

intervention) values from the two-way repeated measures ANOVA.  

*Significant (p ≤ 0.05) within-group change for 5RM Olympic deadlift 

CI = confidence interval; N = Newton; 5RM = 5 repetition maximum.  
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TABLE 4.   Correlational Coefficients for Total Energy Intake and Total Protein 

Intake with Percent Five Repetition Maximum and Grip Strength 

 Correlation (r) p-value 

Kilocaloriesvs. 

% 5RM Change 

% Change average contraction 

(peak force grip strength) 

% Change average contraction 

(mean force grip strength) 

Protein vs. 

% 5RM Change 

% Change average contraction 

(peak force grip strength) 

% Change average contraction 

(mean force grip strength) 

 

0.040 

-0.110 

-0.121 

 

-0.356 

-0.016 

-0.208 

 

0.451 

0.366 

0.354 

 

0.128 

0.408 

0.259 

% = percent; 5RM = 5 repetition maximum 
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Appendix A: Recruitment Flyer 
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Appendix B: Online Pre-screen 
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Appendix C: Informed Consent Form 
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Appendix D: Data Collection Forms 

*For research personnel use only ~ does not leave the Lab 

 

Date:      

 

Participant Name:            

 

Participant ID:                

 

Automated Self-administered 24-hour Recall (ASA24™) ID:      

 

Date of Birth (month/date/year):       

 

Age:     years 

 

Informed consent signed and witnessed (yes/no):       

 

Physical Activity Readiness Questionnaire (PAR-Q) (yes/no):     

 

Current medications:         ______ 

 

Existing Conditions:             

 

Currently on specific diet (medical or non-medical) (yes/no): 

If yes, briefly explain:          
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Weight training experience: __________ year(s) 

 

Prior experience performing the deadlift (circle one):  YES     NO 
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FAMILIARIZATION SESSION  Date:      

Clothing participant wore on test day:         

Participant’s self-defined water consumption on test day:  

      (Be sure to write units; e.g., cups, Liters) 

Anthropometrics 

Height (centimeters [cm]):      and       

Average of heights measured:      cm  

Average of heights measured:     inches (in) 

(Note: 2.54 cm per inch) 

 

Weight on scale (pounds [lbs]):       and       

Average of weights measured:      lbs 

Average of weights measured:      kilograms (kg)  

(Note: 2.2 pounds per kg) 

Body Mass Index (BMI):      kg/m2 

 

For following measurements: have participant stand tall, arms by sides with 

fingers extended 

Arm Length (centimeters [cm]) (palpate up shaft of arm-humeral head to distal 

end of third phalange):  

     R _____________ and _________________ 

L _____________ and _________________ 

Leg Length (centimeters [cm]) (palpate by having participant shift weight to 

one leg -greater trochanter to lateral aspect of foot):       

  

     R______________ and _________________ 

              L ______________ and _________________ 
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Torso Length (centimeters [cm]) (greater trochanter to top of head):   

______________ and _________________ 

 

Researcher(s) who collected anthropometric data:  

________________________________________________________________________ 

 

Dominant Hand Tracing 

Circle dominant hand:  R      L 

 

Radiocarpal joint to the superior end of the third digit:  

 

________________________ cm and ________________________ cm 

 

 

Hand width will be measured from the lateral border of the thumb to the 

medial border of the fifth metacarpal:  

 

________________________ cm and ________________________ cm 
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Trace dominant hand in below space with maximal abduction (mark 

radiocarpal joint, superior end of third digit, lateral border of thumb, medial 

border of fifth metacarpal) 
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Non-dominant Hand Tracing 

Circle non-dominant hand:  R      L 

 

Radiocarpal joint to the superior end of the third digit:  

 

________________________ cm and ________________________ cm 

 

 

Hand width will be measured from the lateral border of the thumb to the 

medial border of the fifth metacarpal:  

 

________________________ cm and ________________________ cm 
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Trace non-dominant hand in below space with maximal abduction (mark 

radiocarpal joint, superior end of third digit, lateral border of thumb, medial 

border of fifth metacarpal):  
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Preferred Training Days (circle two):  Mon  Tues  Wed  Thurs  Fri   

 

Day: ______ Times: ________________________________________________ 

 

Day: ______ Times: ________________________________________________ 
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Dual-Energy X-Ray Absorptiometry (DXA) 

Start date of last menstrual cycle:      ____________ 

 Pregnancy test given by:          ______ 

Pregnant (circle one):     YES    NO  

 

Percent body fat from DXA:      % 

 

Lean Body Mass:      lbs 

Lean Body Mass converted to kg:      kg 

 

Fat Free Mass:      lbs 

Fat Free Mass converted to kg:      kg 

 

Total Body Bone Mineral Density (BMD):    grams/cm2 (g/cm2) 

 

Lumbar (L2 to L4) BMD:     g/cm2   

 

Dual Femoral Neck BMD:      g/cm2 

 

 

Researchers who performed DXA:  

           ______ 
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FIRST TESTING SESSION:                                                 DATE: _______________ 

  Dominant Arm (circle one):  R              L 

Grip force of trial one (kilograms [kg]): _________________ 

Grip force of trial two (kilograms [kg]): _________________ 

Grip force of trial three (kilograms [kg]): _________________ 

Average grip force of the two strongest trials (kilograms [kg]): _______________ 

Non-dominant Arm (circle one):  R              L 

Grip force of trial one (kilograms [kg]): _________________ 

Grip force of trial two (kilograms [kg]): _________________ 

Grip force of trial three (kilograms [kg]): _________________ 

Average grip force of the two strongest trials (kilograms [kg]): _______________ 

 

 

Electromyographic (EMG) Evaluation of Grip Force 

 

Verify picture of electrode placement has been taken for both arms (circle one): 

YES   NO 

 

Confirm data were successfully saved to computer (circle one): YES   NO 

 

Researchers who performed grip force transducer and EMG:  

           ______ 
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5-REPETION MAXIMUM (RM) DEADLIFT OLYMPIC BAR ONLY:                          

 

____________________ (lbs)  ____________________ (kg) 

 

5-RM Deadlift Olympic bar + Fat Gripz™: 

 

____________________ (lbs)  ____________________ (kg) 

 

Sequence of test (circle one): Olympic 1st   or    Fat Gripz™ 1st 

 

Initial load (heaviest successful 5-RM within Tempo):  

 

 Olympic: __________________ 

 

 Fat Gripz™: __________________ 

 

Randomized to group (circle one):  Olympic  Fat Gripz™ 

 

 

Researchers who performed 5-RM testing:  

             

TRAINING SESSIONS 

If five sets are successfully completed, mark 0 for the number of repetitions 

completed on set six (# Reps Set 6) 

 

 Training Session 1 Training Session 2 
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Week 1 Previous exercise performed yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 
 

# Reps Set 6: 

 

Previous exercise performed yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 
 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_______ Weight (lbs) removed_____ 

Week 2 

 

Three, 24-

hour diet 

recalls 

(remind 

participant) 

Previous exercise performed yesterday/today? 
 

_________________________________________ 
Date/Time: 

 
Weight (lbs): 

 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Previous exercise performed yesterday/today? 
 

_________________________________________ 
Date/Time: 

 
Weight (lbs): 

 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Week 3 Previous exercise performed yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 

 
Weight Increase (CIRCLE): 2.5 or 5 lbs. 

 
# Reps Set 6:_____ Wt (lbs) removed_____ 

Previous exercise performed yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 

 
Weight Increase (CIRCLE): 2.5 or 5 lbs. 

 
# Reps Set 6:_____ Wt (lbs) removed_____ 

Week 4 Previous exercise performed yesterday/today? 
 

_________________________________________ 

Date/Time: 
 

Weight (lbs): 
 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Previous exercise performed yesterday/today? 
 

_________________________________________ 

Date/Time: 
 

Weight (lbs): 
 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Week 5 MIDPOINT TESTING (5-RM Olympic barbell only) 

 

________________________________________ 
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Week 6 Previous exercise performed yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 
 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Previous exercise performed yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 
 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Week 7 

 

Three, 24-

hour diet 

recalls 

(remind 

participant) 

Previous exercise performed yesterday/today? 
 

_________________________________________ 
Date/Time: 

 
Weight (lbs): 

 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Previous exercise performed yesterday/today? 
 

_________________________________________ 
Date/Time: 

 
Weight (lbs): 

 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Week 8 Previous exercise performed yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 

 
Weight Increase (CIRCLE): 2.5 or 5 lbs. 

 
# Reps Set 6:_____ Wt (lbs) removed_____ 

Previous exercise performed yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 

 
Weight Increase (CIRCLE): 2.5 or 5 lbs. 

 
# Reps Set 6:_____ Wt (lbs) removed_____ 

 

 

 

Week 9 

 

Previous exercise performed yesterday/today? 
 

_________________________________________ 
Date/Time: 

 
Weight (lbs): 

 
Weight Increase (CIRCLE): 2.5 or 5 lbs. 

 
# Reps Set 6:_____ Wt (lbs) removed_____ 

Previous exercise performed 
yesterday/today? 

 
_________________________________________ 

Date/Time: 
 

Weight (lbs): 
 

Weight Increase (CIRCLE): 2.5 or 5 lbs. 
 

# Reps Set 6:_____ Wt (lbs) removed_____ 

Week 10 

Make-

(If session was missed) Previous exercise performed 
yesterday/today? 

POST-INTERVENTION TESTING (5-RM Olympic 
barbell only) 
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up/Testing  

_________________________________________ 
Date/Time: 

 
Weight (lbs): 

 
Weight Increase (CIRCLE): 2.5 or 5 lbs. 

 
# Reps Set 6:_____ Wt (lbs) removed_____ 

 

________________________________________ 

Week 11 POST-INTERVENTION TESTING (5-RM Olympic barbell only) 

(If session was missed) 
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MIDPOINT TEST 

Date: _______________ 

 

Grip Force Transducer Evaluation of Dominant and Non-dominant Arms  

 

Dominant Arm (circle one):  R              L 

Grip force of trial one (kilograms [kg]): _________________ 

Grip force of trial two (kilograms [kg]): _________________ 

Grip force of trial three (kilograms [kg]): _________________ 

Average grip force of the two strongest trials (kilograms [kg]): _______________ 

Non-dominant Arm (circle one):  R              L 

Grip force of trial one (kilograms [kg]): _________________ 

Grip force of trial two (kilograms [kg]): _________________ 

Grip force of trial three (kilograms [kg]): _________________ 

Average grip force of the two strongest trials (kilograms [kg]): _______________ 

 

Electromyographic (EMG) Evaluation of Grip Force 

 

Verify picture of electrode placement has been taken for both arms (circle one): 

YES   NO 

 

Confirm data were successfully saved to computer (circle one): YES   NO 

 

Researchers who performed grip force transducer and EMG:  

           ______ 
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FINAL SESSION (weeks 9 and 10): 

 

Date: _______________ 

 

Grip Force Transducer Evaluation of Dominant and Non-dominant Arms  

 

Dominant Arm (circle one):  R              L 

Grip force of trial one (kilograms [kg]): _________________ 

Grip force of trial two (kilograms [kg]): _________________ 

Grip force of trial three (kilograms [kg]): _________________ 

Average grip force of the two strongest trials (kilograms [kg]): _______________ 

Non-dominant Arm (circle one):  R              L 

Grip force of trial one (kilograms [kg]): _________________ 

Grip force of trial two (kilograms [kg]): _________________ 

Grip force of trial three (kilograms [kg]): _________________ 

Average grip force of the two strongest trials (kilograms [kg]): _______________ 

 

 

 

  



 167 

Electromyographic (EMG) Evaluation of Grip Force 

 

Verify picture of electrode placement has been taken for both arms (circle one): 

YES   NO 

 

Confirm data were successfully saved to computer (circle one): YES   NO 
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5 –RM OLYMPIC DEADLIFT 

 

5-RM Deadlift Olympic bar only:       

 

____________________ (lbs)  ____________________ (kg) 

 

Researchers who performed Final Session measurements (grip force 

transducer, EMG and 5-RM Olympic Deadlift):  

 

             

IF PARTICIPANT DROPPED FROM OR WAS ASKED TO LEAVE THE 

STUDY: 

 

Date of removal:       

Reason for removal:          

            

            

            

     

 

Researcher who completed removal of participant from the study: 

Print Name:           

Signature:            

 

Date:            
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Appendix E: Testing Checklist 

EMG and Grip Force Transducer Evaluation 

1. Have participant seated in a chair in front of a table. 

2. Perform the two tests to verify flexor digitorum superficialis innervation of 

the dominant arm.  

Test 1: hold third and fourth digits and participant flex proximal inter-

phalangeal joint of the fifth digit (no innervation if participant is unable to 

flex fifth digit). 

Test 2: Hold second and third digits and have participant flex fourth and fifth 

digits (interconnected tendon of the fourth digit if participant is able to flex 

both fingers). 

3. Palpate flexor digitorum superficialis muscle by having participant flex the 

fourth digit against your force while keeping her forearm on the tabletop 

with elbow in full extension. 

4. Swab the electrode site with an alcohol swab and use clippers to remove any 

hair present on the site. 

5. Place electrodes one inch apart and place grounding electrode on the medial 

epicondyle of the humerus (bony protuberance on medial aspect of the 

elbow). Accurate electrode placement should be close to a quarter of the 

distance distally from the medial epicondyle of the humerus to the skin fold 

of the wrist. 

6. Repeat steps one through four for non-dominant arm. 

7. Using a digital camera, take a picture of electrode placement for both arms 

(two pictures total) including a ruler for measurement (inside of elbow to first 

electrode) within the picture. 

8. Connect EMG leads to the electrodes on the dominant arm. 

9. Perform a demonstration of maximal voluntary contraction with the grip 

force transducer. 

10. Have the participant pronate arm and grab the grip force transducer with the 

handle parallel to the tabletop and elbow in full extension. 

11. Have participant make a fist with her free hand place it directly beneath the 

triceps of the arm to be test. 

12. Start recording EMG activity. 

13. Instruct the participant to perform three maximal voluntary contractions each 

separated by a minute of rest. 

14. After the third contraction is complete, stop recording EMG activity. 
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15. Record measured grip force for each of the three trials.  

16. Repeat steps six through 12 for the non-dominant arm. 

 

5-RM Testing Checklist 

1. Have participant perform two warm up sets using at least 29.5 kg (one 10# 

bumper plate on each side of the barbell) and attach weight collars to the 

barbell (use for each set).  

2. Have participant take a three to seven minute break in between all sets and 

chalk hands between each set.  

3. Start a stopwatch after the participant performs/attempts each set. 

4. Make sure to stop participant if lower back begins to round and/or if there is 

minimal to no knee bend during extension and/or if head or shoulders tilt 

over the feet. 

5. Start MetroTimer application. Set to 30 beats per minute along with flash. 

6. Add 4.5 kg to 9 kg to barbell. 

7. Have participant attempt five repetitions. 

8. If performed within tempo, add 4.5 kg to 9kg; repeat until participant cannot 

perform five repetitions with good form or within tempo. 

9. Remove 2.3 kg to 4.5 kg and have participant reattempt. 

10. If successful, record weight as 5-RM. If unsuccessful, record the previous 

heaviest weight as the participant’s 5-RM. 


