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Abstract 

Author:  Daniel M. Cooke 

Title:  Relationship Between Anthropometric Measurements and 
Average Concentric Velocity in The Back Squat 
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Thesis Advisor: Dr. Michael C. Zourdos 

Degree:  Master of Science 

Year:  2017 

The purpose of the present study was to investigate if any relationship exists 

between anthropometric measurements with average concentric velocity (ACV) at 

various intensities in the back squat and the number of repetitions able to be 

performed during a set to volitional fatigue at 70% of one-repetition maximum 

(1RM). It was hypothesised that short femurs and total height would be related to 

slower ACVs and lower total number of repetitions performed. 58 resistance trained 

subjects were recruited and attended one day of data collection. Subjects performed 

1RM testing of the back squat followed by two single repetition sets at 30-90% of 

1RM and a 70% of 1RM set to fatigue. There was no significant correlation between 

femur length and height with ACV at any intensity (p>0.05). A significant negative 

correlation existed between both height (r=-0.39, p=0.003) and femur length (r=-0.31, 

p=0.018) with total number of repetitions performed.
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I: Introduction 

During resistance training it is necessary to apply the appropriate 

physiological stress to yield desired adaptations (2). Traditionally, percentage-based 

training (i.e. 3 sets of 8 at 70% of one-repetition maximum-1RM) has been prescribed 

to control training intensity (2,3). However, limitations exist when attempting to 

control for physiological stress across individuals as the amount of repetitions that 

can be performed at specific percentages of 1RM is highly variable (6). Additionally, 

a 1RM test itself may not be accurate due to atypical lifting performance on test day 

(4,5) or high fatigue during training; thus inappropriate load prescription.  

 Recently, the resistance training-specific rating of perceived exertion (RPE) 

scale was developed to control for physiological stress between individuals (6). This 

RPE scale which assigns a number of repetitions in reserve (RIR) to an RPE value 

allows individuals to give feedback regarding the difficulty of an individual set of 

resistance training and to autoregulate (i.e. adjust) training load to meet the desired 

physiological stress.  Unlike percentage-based training, RPE takes into account daily 

fatigue. However, limitations exist as novice lifters record less accurate RPE than 

experienced lifters (6, 11). Moreover, while the RPE scale is objective the rating by 

the individual is subjective. Therefore, a truly objective measure of intra-set stress 

and fatigue (i.e. velocity) is needed to utilise in conjunction with RPE to accurately 

monitor difficulty and stress of training load. Velocity-based resistance training 

replaces a traditional percentage-based model (i.e. 5 sets X 5 repetitions @75% of



 2 

 1RM) with a velocity zone (i.e. 5 sets of 5 repetitions @0.55-0.65 m·s-1). This allows 

for individual load prescription and  autoregulation of training load from an objective 

standpoint in that the athlete can increase or decrease load accordingly if a repetition 

is outside of the prescribed velocity zone (46). Average concentric velocity (ACV) 

can be quantified through the use of a linear position transducer (LPT) (19). Further, 

moment arm, defined as perpendicular distance from fulcrum may be an important 

determinant of movement velocity in the back squat. The larger the moment arm (i.e. 

distance from hip to bar and distance from knee to bar), the greater the generated 

torque for equated muscle force (40). A linear relationship exists between torque and 

ACV in the squat. That is as mean average torque increases ACV decreases. 

Moreover, Fry et al (41) reported that as hip moment arm increased hip torque 

production also increased. Thus, it could be femur lengths are critical in determining 

the torque that can be translated from muscle contraction at any given joint to 

produced movement velocity (41). Furthermore, ACV in the squat has been shown to 

be significantly impacted by lifter training age, as ACV at 1RM is slower in 

experienced (5.2 yrs. of training) vs. novice squatters (0.4 yrs. of training) (6). 

Consequently, when utilising squat specific velocity-based training zones, training 

age and femur length should be taken into account to ensure similar physiological 

stress across a group of athletes, however, to our knowledge no study has investigated 

velocity profiles and specific intensities based upon training age and femur length.  

 Therefore, the primary purpose of this study was to investigate if a 

relationship existed between femur length and height with ACV during the back squat 

at various intensities (30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100% of 1RM). 

Further, we aimed to incorporate the variables femur length and training age into a 

regression analysis to examine their influence on ACV at 1RM in the back squat.  



 3 

Finally, we aimed to investigated if a relationship existed between femur length and 

height with maximum repetitions performed at 70% of 1RM in the back squat. It was 

hypothesised that shorter femurs would result in slower ACV across the intensity 

spectrum due to shorter moment arms and that training age would be related to lower 

ACV at 90 and 100% of 1RM.  Furthermore, it was hypothesised that longer femurs 

would result in less repetitions performed during a 70% of 1RM set to fatigue due to 

greater physiological stress. 
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II: Review of Literature 

Monitoring Resistance Training Load  

Percentage Based Resistance Training  

Resistance training is an essential exercise stimulus for neuromuscular system 

performance realised as increases in size, strength and power. The neuromuscular 

system will respond to the specific training stimuli with which it is faced (1). Multiple 

acute resistance variables (i.e. intensity, rest duration and exercise, type, sets and reps) 

(2) can be manipulated to induce the desired training adaptations. Specifically, 

resistance exercise intensity is most commonly measured through a percentage of an 

athlete’s 1RM (%1RM), which is subsequently used to prescribe training load (2,3). 

The implementation of %1RM is cost-effective and efficient in individualising 

resistance training load prescription, however limitations exist. Initially conducting a 

1RM test can be time consuming, highly fatiguing and problematic for young or aged 

populations (16). Further, the recorded 1RM values may have limited accuracy due to 

instructor error or atypical lifting performance on the testing day due to fluctuations in 

biological status (4,5). Additionally, it has been demonstrated that 1RM can change 

over short periods of time, particularly in novice lifters (15). Inappropriate 

prescription of training load due to inaccuracies following exclusively utilising a 

traditional percentage based resistance training model could ultimately result in 

suboptimal training adaptation.
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Resistance Training Specific Autoregulation 

Counteracting the limitations of traditional percentage based resistance training 

methods, subjective methods have been used in conjunction with %1RM to better 

match desired adaptations and training stimuli (6). Adjusting training load according 

to athlete feedback is referred to as autoregulation. Practically autoregulation can be 

implemented through the use of a resistance training specific rate of perceived 

exertion (RPE) scale which assigns a number of repetitions in reserve (RIR), see 

Zourdos et al for details (6). The RPE-RIR scale can be of great value in monitoring 

the variance in human performance due to factors such as sleep (7), nutrition (8), and 

life stress (9) and provide real-time feedback that the practitioner can use to adjust 

training load. Additionally, target RPE ranges (i.e. 6-8RPE) can be set in conjunction 

with %1RM to prescribe training load. However, it has been established that a lifter’s 

ability to accurately call RIR is significantly impacted by the actual number of 

repetitions remaining within a set; the greater amount of repetitions remaining the 

larger the inaccuracy (6,10). Further, experienced lifters are more consistent at 

gauging accurate RIR values than novice lifters, somewhat limiting its use with 

inexperienced training populations (6,12). Once RPE scale accuracy has been 

established, Helms et al (11) suggest RIR scores would be best utilised for training 

goals that require the athlete to go near to failure during lifting sets (i.e. hypertrophy, 

strength and muscular endurance). However, RIR may not be an effective variable to 

prescribe load when the training goal (i.e. power) requires the athlete to remain distant 

from repetition failure during lifting sets. Current literature has suggested that greater 

power adaptations to resistance training are associated with movement velocity (14). 

Further, movement velocity is related to resultant neuromuscular adaptations and 

squat performance (i.e. 1RM strength, velocity at various %1RM) (28). Thus a 
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measurement of movement velocity may be an effective variable to prescribe training 

load when the training foci is power.  

Velocity Based Resistance Training  

Linear Position Transducers  

Currently, movement velocity is an under-researched isoinertial resistance 

training exercise variable that could hold great value in monitoring resistance-training 

intensities (17). A reason for the absence of research is the limited availability of 

kinetic and kinematic technologies to accurately measure velocity during isoinertial 

resistance exercises. Recently, reasonably inexpensive and portable linear position 

transducers (LPTs) have become readily available. LPTs typically house a cord 

wound on a constant diameter cylinder spool that rotates with the reeling and 

unreeling of a cord (18). The spool is attached to a shaft of a rotational sensor 

(encoder or potentiometer) that produces an electrical signal proportional to the 

displacement or velocity of the object attached to the cord (i.e. barbell) (18). The 

recorded data can be projected onto the screen of handheld computer devices allowing 

for intrasession and intraset load autoregulation. A major limitation of LPTs thus far 

has been the monetary cost (i.e. Tendo Weightlifting Analyzer System: >$1500; 

GymAware: >$2400), which has limited its use to primarily academic and 

professional strength and conditioning environments. However, less expensive LPTs 

have recently become available, warranting the use of bar velocity as a measure for 

individual use within resistance training. As LPTs become affordable and 

subsequently utilised more widely across resistance training populations it is 

important to identify how to best obtain accurate measures of movement velocity and 

how to most effectively utilise the real time quantifiable data to guide training load 

and intensity to match desired physiological adaptations. Additionally, the increase in 
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accuracy of movement velocity measures can further develop 1RM prediction 

equations.     

Neuromuscular Fatigue 

Scientific literature has demonstrated that training to repetition failure does 

not lead to increased maximal strength increases, can induce excessive neuromuscular 

fatigue and metabolic stress and potentially result in the intra-conversion of muscle 

fibre to slower types (19). Consequently, sets following a performance of repetitions 

to failure will consist of a fewer number of completed repetitions regardless of 

recovery time (23), potentially reducing training volume; a key variable associated 

with hypertrophy and strength increases (24). These factors limit the use of 1RM 

estimation methods that involve the conduction of a set of repetitions to failure.  

The onset of neuromuscular fatigue can compromise muscle force generation 

and the neural signalling qualities (22); quantified by a reduction of maximal force 

generating capacity, rate of force development and movement velocity (20,21). 

Intraset and intrasession feedback via LPT data could guide adjustments in training 

load to accommodate for such fatigue. Moreover, methods of immediate feedback 

yield greater consistency of movement velocity (43) and greater adaptations when 

compared to non-feedback training (44). The adverse effects of training to repetition 

failure and the limitations of current methods of monitoring resistance training load 

and individual strength qualities provide clear rationale to find alternate methods to 

objectively monitor training load and intensity.  

Load-Velocity Profile 

Concentric barbell movement velocity can be measured via peak concentric 

velocity, average propulsive velocity and mean average velocity (5,25). Notably peak 

concentric velocity has been established as the most appropriate velocity measure for 
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ballistic resistance training exercise (i.e. Squat Jumps) whilst average concentric 

velocity has been proposed as a better velocity measure for non-ballistic exercise (i.e. 

Back Squat) (26,16), whilst also being identified as the most appropriate measure of 

velocity for the strength and conditioning practitioner (27). Jidovsteff et al (16) 

proposed that average velocity better represents an athlete’s ability to move a load 

through the entire concentric range. As measures of velocity have become better 

understood and more widely used within scientific literature it has become clear that 

an inextricable relationship exists between load and velocity (i.e. velocity of 

concentric muscle action decreases with increasing load and force output) 

(5,13,16,25). This relationship allows practitioners to use one variable to estimate the 

other with great precision (3). Gonzalez-Badillo and Sanchez-Medina (5) 

demonstrated that in strength-trained males that the mean velocity attained with a 

given absolute load during the bench press exercise can be used as a very good 

estimate of the relative load (i.e. %1RM) that load represents. Developing upon this, 

in reference to the back squat exercise, Zourdos et al (6) reported a strong inverse 

relationship between mean concentric velocity at all relative loads and RPE in both 

experienced and novice lifters. Furthermore, Helms et al (13) recently demonstrated 

in experienced powerlifters that mean concentric velocity has a strong inverse 

correlation to both RPE and percentage 1RM in the squat, bench and deadlift 

exercises (13). Even though the findings of Helms et al (13) demonstrated RPE to be 

an accurate measure of intensity, velocity is likely a better measure of intensity due to 

its objectivity (5). Moreover, due to the strength of the relations between the 

aforementioned variables, regression equations were developed in order to predict 

1RM at intensities ≥80% 1RM. Although clearly of great value to strength and 

conditioning practitioners the authors note that despite the strong relationship between 
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average velocity and intensity the practical application of this equation is limited as 

the 90% confidence level on the regression equations amounted to a +-5% range on 

predicted percentage 1RM. In support of this Banyard et al (30) reported that in 

strength-trained subjects the load-velocity relationship for the back squat had 

moderate reliability and validity but could not accurately predict a 1RM value 

primarily due to large variability in mean concentric velocity of 1RM. Thus the 

current literature indicates there is a need for the development of an individualised 

velocity profile consisting of a variety of factors (i.e. training experience, limb 

lengths, exercise) in order to accurately prescribe training loads and intensity based 

solely upon velocity (13,29,30).   

Back Squat  

The squat is a closed kinetic chain exercise (31,32) commonly used amongst 

strength and conditioning practitioners with the purpose of improving lower limb 

function, strength and power (33,34). The starting and finishing position of the 

powerlifting squat is when the lifter is in an upright position with knees and hips near 

full extension (35). The lifter then descends until “the top surface of the legs at the hip 

joint are lower than the top of the knees” (36), after which the lifter ascends into an 

upright position. In order to perform the back squat simultaneous flexion or extension 

of the lower extremity kinetic chain (i.e. hip, knee and ankle) (37) is required.  The 

hip joint connects the trunk and thigh segments of the body, with the resultant angle 

between these segments commonly referred to as as the trunk angle. During the back 

squat a myriad of factors can alter the resultant trunk angle (i.e. bar position, 

footwear). A smaller trunk angle is represented by a greater forward lean (38), which 

can result in an increased hip moment arm and decreased knee moment arm; the 

perpendicular distance from the muscle force to point of rotation (39).  Moment arms 
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are determined by the sine of the angle of application and the distance between the 

muscle’s attachment and the joint’s axis of rotation (40). Moment arms are critical in 

determining the torque that can be translated from muscle contraction at any given 

joint to produced movement velocity; the larger the moment arm, the greater the 

generated torque and subsequent movement velocity provided muscle force is equated 

(40). Greater moment arms are positively correlated with increased torque production 

at the joints in the lower extremity kinetic chain. Fry et al (41) demonstrated this as 

they stated that hip torque was significantly increased with increased hip moment arm 

provided through increased forward lean. Furthermore it has been established that a 

linear relationship exists between torque and velocity in the squat exercises (42); as 

mean average torque increases mean average velocity decreases. Thus it could be that 

average concentric velocity during the back squat at varying intensities (%1RM) is 

interrelated with moment arm length (i.e. Hip and knee); which is largely dependent 

upon length of femur. Therefore, it would be efficacious to investigate if there is a 

relationship between femur length and average concentric velocity during the back 

squat exercise in order to monitor training load and intensity with greater accuracy 

and improve 1RM prediction accuracy.   

Conclusion  

 Movement velocity has been identified as a viable parameter that can 

be utilised to implement resistance training programmes and monitor training loads. 

The relationship between relative load and movement velocity during resistance 

training makes it possible to objectively determine an athlete's effort during resistance 

training. Furthermore, this relationship allows for the prediction of maximal strength 

levels at submaximal loads. However, current literature has suggested a need for 
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individualised load-velocity profiles to predict maximal strength with greater 

accuracy.
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III: Methods 

Experimental Design  

The overarching aim of this study was to examine the relationship between 

anthropometry (i.e. height and femur length) and training age with average concentric 

velocity (ACV) measurements during the back squat in resistance trained individuals.  

Subjects reported to the FAU Muscle Physiology Laboratory on one single day for 

data collection.  Upon arrival to the laboratory subjects gave written informed consent 

and completed Health History and Physical Activity Questionnaires. Subjects 

underwent anthropometric assessments (i.e. height, body mass, and body fat 

percentage via a 3-site skinfold) including femur length measurements, according to 

International Society for the Advancement of Kinanthropometry (ISAK) standards 

followed by a five-minute standardised dynamic warm-up.  Next, subjects performed 

1RM testing on the back squat. Squat 1RM testing was performed in accordance with 

previously validated procedures (6) and to movement standards consistent with USA 

Powerlifting (USAPL) (54) specifications. Following 1RM testing, subjects had a 10-

minute rest prior to completing two single-repetition sets on the squat at 30%, 40%, 

50%, 60%, 70%, 80% and 90% (29) of the established 1RM with five minutes rest 

between the single-repetition sets. Finally, subjects had another 10–minute rest period 

before completing one set on the squat to volitional fatigue with 70% of 1RM.  

During all 1RM attempts, velocity assessment attempts (i.e. 30-90% of
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1RM velocity profile), and each repetition of the 70% set, ACV (m·s-1) were 

recorded with the OpenBarbell System Version 2 (OBS2) (Seattle, Washington, 

USA.) velocity assessment device.  

Figure 1. Timeline of Events (One Day Data Collection) 

Subjects  

Fifty-Eight resistance trained individuals were recruited (Male = 43, Female = 15).  

For inclusion, all subjects must have performed the back squat exercise an average of 

once per week for at least two consecutive years as determined via a validated 

physical activity questionnaire (6).  Subjects who had any contraindications to 

exercise (e.g. heart disease, serious musculoskeletal disorders, etc.), as determined via 

the Health History Questionnaire, were excluded from participation. Additionally, 

subjects had to be free of performance enhancing drugs and were required to refrain 

from exercise for 48 hours prior to testing. The Florida Atlantic University 

1
• Preliminary paperwork (i.e. Informed Consent, Health History Questionnaire, Physical Activity 

Quesitonnaire)
• Anthropometric Measurements (i.e. Femur Length)
• Calculated Estimated Back Squat 1RM

2

• 5-Minute Standardised Dynamic Warm-Up
• Barbell Warm-Up (Self-regulted rest periods during warm up repetitions)
• Mandatory 5-7 minute rest period 
• 62.5% Warm-Up Attempt: Began recording velocity and RPE-RIR
• Recorded Velocity and RPE-RIR for all attempts until 1RM acquired

3
• After 1RM acquired, 10 minute mandatory rest period implemented 
• Two, single-repetition back squat sets at 62.5%, 72.%, 82.5% and 92.5% of obtained 1RM

4
• After velocity sets completed, 10 minute mandatory rest period implemented
• Barbell loaded with 70% of obtained 1RM
• One Fatigue Set completed with recorded velocity and RPE-RIR
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Institutional Review Board for Human Subjects approved this investigation and all 

subjects provided written informed consent prior to participation within the study.  

Procedures 

Anthropometric Testing  

Anthropometric measurements were performed immediately prior to 1RM 

testing. The same investigator administered anthropometric measurements. 

Height, Body Mass, and Body Fat Percentage  

Height (cm) was measured using a wall-mounted stadiometer (SECA, 

Hamburg, Germany.) and total body mass (kg) by a calibrated digital scale (Mettler-

Toledo, Columbus, Ohio, USA.). Body fat percentage (BF%) was estimated using the 

average sum of two measurements of skinfold thickness acquired from three sites 

(abdomen, front thigh, and chest); if any site was >2 mm different between 

measurements then a third measurement was taken.  The Jackson and Pollock 

equation was used to compute body fat percentage (55). 

Femur Length and Femur:Height Ratio  

Femur length (cm) was assessed with a tape measure (Realmetbcn, Barcelona, 

Spain) and recognised as the distance between the marked Trochanterion and Tibiale 

Laterale landmarks on the right lower limb. To measure femur length subjects 

assumed a standing position with feet together and arms folded across the thorax. 

Reported femur length was determined as the average of two measurements; if 

measurement differences were >2mm, a third measurement was taken and the median 

of all three measurements utilised. Further, a limb length ratio was determined as the 

contribution of femur length to total height (FL:HT).  
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Technical Error of Measurement  

Technical error of measurement (TEM) was accounted for as outlined by 

Harris and Smith (52), to assess measurement reliability. A single investigator 

recorded femur lengths of 20 individuals on two visits separated by at least 24 hours. 

The intraevaluator relative TEM was 1.37%, an acceptable rating as supported by 

Parini et al (45). This protocol was completed in advance of any data collection. 

One-Repetition Maximum (1RM) Testing  

Squat 1RM testing was administered in accordance with previously validated 

procedures (6).  First, subjects performed five repetitions with 20% of their estimated 

1RM, followed by three repetitions at 50% of estimated 1RM (obtained from a 

physical activity questionnaire) followed by two repetitions at 70%, one repetition at 

80% and one repetition at 90% of 1RM. Following the 90% load, increases on 

subsequent 1RM attempts were administered at the investigator’s discretion.  To aid 

in attempt selection, ACV and rating of perceived exertion (RPE) via the repetitions 

in reserve (RIR)-based RPE scale (6) were collected on each 1RM attempt.  Five to 

seven minutes of rest were allowed between each attempt.  A 1RM was considered 

valid if one of three conditions were met: 1) Subject reported a ‘10’ on the RIR/RPE 

scale and the investigator determined a subsequent attempt with increased weight 

could not be successfully completed, 2) Subject reported a ‘9.5’ on the RIR/RPE scale 

and failed the subsequent attempt with a load increase of 2.5 kg or less, 3) Subject 

reported a ‘9’ or lower on the RIR/RPE scale and failed the subsequent attempt with a 

load increase of 5kg or less. Finally, Eleiko barbells and lifting discs (Chicago, 

Illinois, USA), calibrated to the nearest 0.25kg, were used to ensure accuracy of the 

load lifted. 
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Velocity Profile Assessment  

Following the completion of the squat 1RM test, subjects performed two 

single repetition sets of the squat at 30%, 40%, 50%, 60%, 70%, 80%, and 90% of 

1RM to establish velocity profiles. Furthermore, to investigate the rate of decline in 

velocity during a multiple repetition set, ACV was collected on all repetitions during 

the 70% fatigue set.  Subjects were instructed to use maximal intended acceleration 

during the concentric portion of each repetition.  During all working sets, ACV (m·s-1) 

was measured by the OBS2; which calculated ACV via the equation: d/t (i.e. 

displacement/time).  

The OBS2 consisted of two main components; a velocity sensor and display 

unit.  The velocity sensor was placed on the floor with the cord of the OBS2 attached 

to the barbell just inside the ‘sleeve’ using a plastic clip.  A perpendicular angle 

between the velocity sensor and barbell was achieved during the squat. The 

investigator manually recorded average velocities from the display unit.  

Physical Activity Questionnaire  

Subjects completed a physical activity questionnaire prior to testing 

measurements to obtain greater background information regarding resistance-training 

history.  Subjects provided information regarding number of years of involvement in 

resistance training, a description of their current training programme, and an estimate 

of current 1RM squat.   

Statistical Analyses 

 Pearson's product moment correlations were used to examine associations 

between both femur length and total height with ACV at each intensity. Correlation 

coefficient r scores and their associated p values were used to quantify these 

associations. Correlations were interpreted and reported as “weak” if they were less 
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than or equal to 0.35, “moderate” if between 0.36 to 0.67, “strong” if between 0.68 to 

0.89, and “very strong” if equal or greater than .90. The coefficient of determination 

r2 score was calculated to express the explained variance of the correlation 

coefficients.  To express the potential range of velocities recorded at each intensity 

mean, standard deviation, and 90% confidence limits (CLs) were calculated. 

Furthermore, a standard multivariate regression assessing the association between 

femur length, training age, gender and ACV of the last warm-up set on ACV at a back 

squat 1RM. Finally, the percentage change in ACV from the first to last repetition on 

the 70% fatigue set was calculated and additional Pearson’s correlations were utilised 

to examine any relationship between femur length, height, and training age with intra-

set neuromuscular fatigue.  All statistical analyses were performed using Statistica! 

for Windows (StatSoft; Tulsa, OK, USA) and the level of significance set at p≤0.05. 
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IV: Results 

Subject Characteristics and Sample Size   

 Specific subject characteristics can be seen in Table 1.  A total of 58 resistance 

trained subjects (male=43, female=15) participated in the current study.  However, for 

the number of repetitions and velocity loss during the fatigue set at 70% of 1RM, data 

from only 58 and 57 subjects respectively was able to be utilised for analysis.  

Table 1. Subject Characteristics (N=58) 

Data are presented as means ± standard deviations.  

1RM = One-Repetition Maximum 

*N=51; 7 subjects failed to report training age 

 

Relationship Between Relative Load and Average Concentric Velocity 

Means, SDs and 90% CL for ACV for the squat at each 10% increment from 

30%-100% 1RM are displayed in Table 2. As expected there was a very strong 

negative relationship (R2=0.98) between ACV and percentage of 1RM (Figure 1). 

Group N 
Age 

(y) 

Training 

Age (y)* 

Height 

(cm) 
Weight (kg) 

Body Fat 

(%) 

Femur 

Length 

(cm) 

1RM (kg) 

Male 43 23±3 6±2.5 175.36±7.43 86.56±13.79 10.48±3.45 47.3±2.6 162.83±39.42 

Female 15 21±2 4±1.5 165.25±8.28 63.34±9.6 12.45±3.44 46.6±2.6 81.5±12.66 

All 58 23±3 
5.5±2.

5 
172.79±8.79 80.65±16.34 10.98±3.53 47.1±2.6 142.15±49.66 
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Figure 2. 30-100% 1RM load-velocity profile for; a) all subjects, b) male subjects only and c) female subjects 

only. Data are presented as means ± standard deviations. All data; ACV ranged from 1.03±.13 ms-1 at 30% 1RM 

to 0.26±.06 ms-1 at 100% 1RM. Male only data; ACV ranged from 1.06±.13 ms-1 at 30% 1RM to 0.26±.06 ms-1 

at100% 1RM. Female only data; ACV ranged from 0.93±.08 ms-1 at 30% 1RM to 0.25±.05 ms-1 at 100% 1RM.  
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Relationship Between Relative Load and Rating of Perceived Exertion  

Means and SDs for RPE scores for the squat at 10% increments from 30%-

100% 1RM are provided in Table 2.  Further, there was a very strong relationship 

between percentage of 1RM and RPE (R2=0.97) (Figure 2). 

 

 

 

 

 

 

 

 

 

 

Relationship of Anthropometrics and Femur Length With Average Concentric 

Velocity  

 Table 3 shows the relationships between anthropometrics and femur length 

with ACV at all intensities assessed. Specifically, no significant relationships existed 

between femur length and ACV at any percentage 1RM (p>0.05). Further, only one 

significant correlation was observed between total height and ACV, which was at 

60% of 1RM (r=0.27, p=0.04). Notably, significant weak correlations existed between 

femur length and height ratio and ACV at 30% 1RM (r=-0.34, p=0.01), 50% 1RM 

(r=-0.32, p=0.01) and 60% 1RM (r=-0.3, p=0.02) only. Further, correlations at 40% 

1RM were approaching significance (r=-0.24, p=0.07). All other subject 

characteristics showed no significant correlation (p>0.05) with ACV at any %1RM.  
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Figure 2. Rating of perceived exertion scores at 30-100% 1RM.  

 

Figure 3. Rating of perceived exertion scores at 30-100% 1RM. 
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Table 2. Average concentric velocity and RPE score at various %1RM in the squat. 

Load Mvel ( ms-1 ) 90CL MRPE Fvel (ms-1) 90CL FRPE AllVel (ms-1) 90CL AllRPE

30% 1.06±.13 0.03 1.5±1 .93±.08 0 1.5±.5 1.03±.13 0.03 1.5±1
40% 1.00±.12 0.03 2±1 .9±.05 0.02 1.5±.5 .97±.11 0 2±1
50% .91±.1 0.03 3±1.5 .81±.07 0.03 2.5±1 .88±.1 0 3±1.5
60% .82±.09 0.02 4±1.5 .72±.05 0 3.5±1 .79±.09 0 4±1.5
70% .69±.08 0.02 5±1.5 .62±.05 0.02 5±1 .67±.08 0 5±1.5
80% .55±.08 0.02 6.5±1 .53±.04 0.02 6.5±1 .55±.07 0.02 6.5±1
90% .39±.08 0.02 8.5±1 .38±.05 0.02 8.5±1 .39±.07 0.02 8.5±1

1RM .26±.06 0.02 9.5±.5 .25±.05 0 9.5±.5 .26±.06 0.01 9.5±.5

Load presented as % one-repetition maximum.  Mvel, FVel and AllVel: Male only velocities, Female only 

velocities and All subject velocities respectively. MRPE, FRPE and AllRPE: Male only RPE score, Female only 

RPE score and All subject RPE scores respectively. 90CL: 90% confidence limit. 

Relationship of Anthropometrics and Femur Length With Total Repetitions 

Performed 

 Correlations between selected subject characteristics and the total repetitions 

performed during the 70% 1RM fatigue set are provided in Table 4. As shown, the 

following negative correlations existed with the number of repetitions allowed at 70% 

1RM; femur length (r=-0.31, p=0.02) and height (r=-0.39, p=<0.01). Male, but not 

female gender demonstrated the following negative correlations with the number of 

repetitions allowed at 70% 1RM; femur length (r=-0.43, p=<0.01) and height (r=-

0.58, p=<0.001).  

Relationship Between Subject Characteristics and Average Concentric Velocity Loss  

 Correlations between selected subject characteristics and ACV loss from first 

repetition to last during the 70% 1RM fatigue set are provided in Table 4. As shown, 

no significant correlations exist between any subject characteristics and ACV loss 

(p>0.05). 

Variables Influencing One-Repetition Maximum Average Concentric Velocity  

              A standard multivariate regression was utilised to explain the contribution of 

specific variables to ACV at 1RM. Data of 50 subjects could be utilised for 
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multivariate regression analysis. As expected the main significant association 

occurred between the final warm-up set velocity and 1RM velocity (Beta=0.373, 

t=2.60, p=0.013). No other variables were found to have an association with ACV at 

1RM; femur length (Beta=-0.035, t=-0.241, p=0.81), training age (Beta=0.054, 

t=0.360, p=0.721) and gender (Beta=0.034, t=0.220, p=0.82). 
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Table 3. Correlations between subject characteristics and 30-100% 1RM loads.  

M: Male subjects, F: Female subjects, All: All subjects. Level of significance p<0.05.  

 Table 4. Correlations between subject characteristics and 70% 1RM fatigue set performance. 

M: Male subjects, F: Female subjects, All: All subjects. Level of significance p<0.05.  
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V: Discussion 

To our knowledge, this study is the first to directly investigate the relationship 

between femur length and ACV in trained lifters at various intensities in the back 

squat. Our first hypothesis was not supported in that there was no relationship 

between femur length and ACV in the squat (r-value range=-0.07 to 0.12,  p-value 

range=0.37 to 0.98, Beta=-0.035, t=-0.241, p=0.81). Further, the only significant 

relationship between total height and ACV was at 60% of 1RM (r=0.37, p=0.04). 

However, our hypothesis was partially supported as total number of repetitions 

allowed during a 70% of 1RM set to volitional fatigue were significantly and 

negatively related with both femur length (r=-0.31, p=0.02) and height (r=-0.39, 

p=<0.01). Specifically, longer femur length and greater height was associated with 

fewer number of repetitions performed at 70% of 1RM. Moreover, in the present 

study, analysis of a limb length to height ratio (femur as a proportion of total height) 

displayed significant correlations with ACV at various submaximal loads (significant: 

30% of 1RM (r=-0.34, p=0.01), 50% of 1RM (r=-0.32, p=0.01) and 60% of 1RM (r=-

0.3, p=0.02) and approaching significance 40% of 1RM (r=-0.24, p=0.07). On the 

other hand, neither femur length nor height independently was significantly correlated 

with velocity loss during a set to volitional fatigue (p>0.05). Therefore, our findings 

suggest that although femur length and height may not directly impact ACV during 

the squat, these may influence maximum repetitions allowed at moderate intensities. 

Our findings showing no relationship between femur length and velocity are in
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accordance with previous back squat literature (46), although research in this area is 

somewhat limited. Specifically, Keogh et al. reported that femur length and height 

have no correlation with other back squat performance markers, notably maximal 

strength (46). In the present study, subject femur lengths were greater than reported in 

previously strength trained populations (47.13±2.59 and 42±4 cm respectively) (46). 

This difference may somewhat be accounted for by the male only gender and 

competitive powerlifting standard population of subjects utilised by Keogh et al., as 

highly strength trained populations have been previously observed to have shorter 

femurs (53). Despite this discrepancy, the alike correlations between femur length and 

back squat performance between the current study and Keogh et al., support the 

notion that femur length as a sole variable is unlikely to influence ACV during the 

back squat. However, this should not necessarily be interpreted that femur length does 

not impact ACV, rather it does not seem to be the sole variable with this influence. 

There is a plethora of data demonstrating the great variance among individuals 

in repetitions performed at various percentages of 1RM (6,47), however, the factors 

accounting for these differences are not well-known. Presently, our data has 

demonstrated that a negative relationship exists between femur length (r=-0.31, 

p=0.02) and total height (r=-0.39, p=<0.01). Further, our data had a range of 6-28 

repetitions allowed at 70% of 1RM, and the 5 subjects with the fewest number of 

repetitions (6-9 repetitions) had relatively long femurs (48.00 – 50.20 cm), while the 

five subjects who performed the greatest amount of repetitions (21 – 28 repetitions) 

had relatively short femurs (38.20 cm – 45.40 cm). The inverse relationship between 

femur length and repetitions allowed should not be surprising, since as femur length 

increases so does bar displacement in the squat, which increases total physiological 

work per repetition. Further, the authors’ interpretation of these findings is; as total 
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work increases greater demands are placed upon the neuromuscular system to 

complete equated repetitions compared with shorter femur lifters. Subsequently, 

greater levels of neuromuscular fatigue are present, ultimately resulting in less total 

repetitions being completed. Moreover, it is well established that greater muscle 

lengths that commonly occur during eccentric muscle actions are associated with 

greater damage (48). Such damage can lead to the impairment of muscle function (i.e. 

reduce force production) (49), which may partly explain why subject’s with greater 

height and femur length performed less maximal repetitions at 70% of 1RM. 

Practically, if a group of athletes are given a fixed number of repetitions (i.e. 10 

repetitions) at a fixed intensity (i.e. 70% of 1RM) some may not complete the 

prescribed training and repetitions in reserve amongst the athletes may differ; thus 

causing varying amounts of damage and fatigue. However, it cannot be known from 

our data if this is true at all intensities of 1RM nor can it be known what other 

anthropometric factors may impact repetitions allowed. Therefore, currently femur 

length and total height are simple measurements that athletes can use to help 

determine an appropriate number of repetitions to be prescribed at specific intensities. 

Numerous studies have demonstrated the inextricable inverse relationship 

between load and ACV, subsequently developing velocity profiles (5,16,26,28,29).  

Recorded ACV at various submaximal loads in the current study were found to be in 

accordance with previous literature. Specifically, Zourdos et al. (6) reported only 

slightly different ACVs compared to the present study at 60% of 1RM (0.71±0.11ms-

1 vs. 0.79±0.09ms-1), 90% of 1RM (0.34±0.07ms-1 vs. 0.39±0.07ms-1) and 100% of 

1RM (0.24±0.04ms-1 vs. 0.26±0.06ms-1). Further, any slight variance is likely due to 

a few methodological differences, notably the linear position transducer equipment 

used (TENDO vs OBS2), subject sample size (15 vs 58), and gender (male only vs 
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male and female). As the current findings are similar to previously reported data, it is 

suggested that the present study may be utilised for guiding the development of load-

velocity profiles in the back squat.  

A main limitation of the current study was the non-standardisation of back 

squat technique (i.e. traditional vs powerlifting, stance width, footwear, high bar vs 

low bar). However, standardization was avoided to increase the practical application 

of our findings. Previous literature has noted that in highly trained powerlifting 

populations back squat technique can differ significantly (50). Specifically, varying 

degrees of anterior knee displacement existed between lifters, and this variance could 

alter the hip and knee moments during the back squat. This variance in displacement 

was supported by Swinton et al (51) in that powerlifting squat technique produced 

significantly greater posterior displacement of centre of mass when compared with 

traditional squat technique (p<0.05), impacting various peak joint moments. Further, 

it should be noted that both footwear and foot position can also alter joint moments 

during the back squat. Notably traditional versus powerlifting squat techniques have 

been reported to alter a lifter’s stance (48.3±3.8 vs. 89.6±4.89cm, respectively) (51). 

Ultimately, due to the complexity of the exercise, femur length alone may be too 

simplistic a variable to distinguish differences between lifter ACV during the back 

squat. 

In conclusion, femur length and height seem to have no direct correlation with 

average concentric velocity at 30-90% of 1RM in the back squat.  However, femur 

length, height and a limb length ratio likely influence the maximum number of 

repetitions allowed at moderate intensities in the back squat. To best prescribe 

resistance training load, it is suggested that individual lifter characteristics are 

accounted for when prescribing a number of repetitions to complete. For example, if 
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an athlete has a greater femur length and height compared to another lifter, the coach 

could reduce the number of repetitions per set to equate for effort during a single set 

across individuals. However, it must be noted that the relationships between specific 

anthropometrics and number of repetitions allowed at intensities other than 70% of 

1RM are currently unknown. Thus, the prescribed training would better match the 

desired training adaptation of the individual athlete. Therefore, future research 

investigating maximum number of repetitions allowed at intensities not yet 

investigated should consider individual subject characteristics (i.e. femur length, 

femur length and height ratio, body fat percentage and body mass) and various 

submaximal load. 
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Thank you for your submission of Response/Follow-Up materials for this research study. The Florida
Atlantic University Health Sciences IRB has APPROVED your New Project. This approval is based on
an appropriate risk/benefit ratio and a study design wherein the risks have been minimized. All research
must be conducted in accordance with this approved submission.

• This study is approved for a maximum of 100 participants.

• It is important that you use the approved, stamped consent documents or procedures included with
this letter.

o Adult Consent Form, Version 2: December 29, 2016 (stamped)
o Protocol (stamped)

**Please note that any revision to previously approved materials or procedures, including
modifications to numbers of subjects, must be approved by the IRB before it is initiated. Please
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• All SERIOUS and UNEXPECTED adverse events must be reported to this office. Please use
the appropriate adverse event forms for this procedure. All regulatory and sponsor reporting
requirements should also be followed, if applicable.

• Please report all NON-COMPLIANCE issues or COMPLAINTS regarding this study to this office.
• Please note that all research records must be retained for a minimum of three years.
• This approval is valid for one year. A Continuing Review form will be required prior to the
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Appendix B: Informed Consent  

 

 

 

 

 

Consent_1_Adult Consent Template FAU/RI. Version 3.0 – 06/27/2016 
Page 1 of 3 
 

 
ADULT CONSENT FORM  

 
  

 
Consent Form Version & Date Version 2: December 29th, 2016.          
 
1) Title of Research Study:  The Impact of anthropometric and psychological factors on acute strength test 
performance 
 
2) Investigator(s): Michael C. Zourdos, Ph.D., CSCS, Michael H. Haischer, B.S., CSCS Daniel 
Cooke, B.S., CSCS. 
  
3) Purpose: The purpose of this research study is to examine the effects of anthropometric 
measurements (i.e. femur length and height), psychological factors (assessed via various psychological 
well-being scales), resting heart rate and blood pressure, and muscle size on maximal strength, velocity 
and muscular endurance performance.  
 
 
4) Procedures:  If you choose to participate in this study you will be required to complete the following 
assessment within a single visit: 

∉ One repetition maximum (1RM) strength in the squat  
∉ Velocity-Profile Assessment in the squat 
∉ Fatigue Set in the squat 
∉ Cross sectional area (CSA) of the legs via ultrasound 
∉ Muscle thickness (MT) of the thigh muscles via ultrasound 
∉ Resting Heart Rate (RHR) 
∉ Resting Blood Pressure (RBP) 
∉ Body composition by skinfold caliper (chest, abdomen, thigh) 
∉ Anthropometrics (femur length, height & weight) 
∉ Perceived recovery status scale (PRS) 
∉ Daily Analysis of Life Demands for Athletes (DALDA) 
∉ Study Specific Self Efficacy Questionnaires  (SEQ) 
∉ Self Efficacy Questionnaire for Athletes (SEQA) 
∉ Revised Competitive State Anxiety Inventory-2 (CSAI-2R) 
∉ Oviedo Sleep Questionnaire (OSQ) 
∉ Short Grit Scale (GRIT-S)  
∉ Ready to Invest Physical Effort Scale (RIPE-S) 
∉ Ready to Invest Mental Effort Scale (RIME-S) 

 
All measurements will be conducted by the principal investigator or graduate assistants working within the 
Muscle Physiology Laboratory (i.e. the principal investigator will not always be present). First, you will be 
required to complete PRS, DALDA, SEQ, SEQA, CSAI-2R, OSQ GRIT-S, RIPE-S, and RIME-S well-
being scales. Next, measurements of RHR, RBP, CSA, MT, body composition, and anthropometrics will be 
completed during the one time visit prior to squat testing.  Further, prior to testing you will be asked to 
consume branched chain amino acids (BCAAs) containing 3.5g of leucine, 1.75g of Isoleucine, 1.75g of 
Valine (Ratio of 2:1:1), and 2.5g of glutamine 30 minutes prior to commencement of testing; and 30g of 
whey protein immediately after test completion. These supplements will be supplied by ScivationTM and 
provided to you from the Department of Exercise Science and Health Promotion (ESHP).  
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Consent_1_Adult Consent Template FAU/RI. Version 3.0 – 06/27/2016 
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Following all paperwork and BCAA ingestion, you will complete a standardized 10-minute dynamic warm-
up routine designed to increase the body’s core temperature and prepare the muscles for exercises that will 
be performed. Following the warm-up one-repetition maximum (1RM) testing of the squat will begin. All 
1RM tests will be administered with accordance to the National Strength and Conditioning Association 
(NSCA) guidelines, and all exercises will be performed to the rules set by the United States of America 
Powerlifting (USAPL). After determining the 1RM in the squat, a 10-minute rest period will precede a 
velocity-profile assessment, in which you will perform 2 sets of 1 repetition with a 5-7-minute rest interval 
between each set at 30%, 40%, 50%, 60%, 70%, 80%, and 90% of 1RM. Finally, following another 5-7-
minute rest interval you will complete a fatigue set to volitional failure with the bar loaded with 70% of your 
acquired 1RM back squat value.  

 
For the squat you will stand straight with your hips and knees locked, and the barbell placed across your 
upper back/shoulders. You will then descend with the bending of the knees until the top of your leg at the 
hip joint is below the top of your knee. Then you will return to your starting position upon your own 
volition.  

 
Additionally, you will be asked to provide an RPE value, based upon a scale which will be shown to you, 
which corresponds to repetitions in reserve (how many more repetitions you could do) following each lifting 
set.   

 
5) Risks: 

Anytime you engage in exercise there are some inherent risks including: muscle strains, 
soreness, or joint aches. Since you will perform resistance exercise, the muscle soreness caused 
by muscle damage may be experienced within 24 to 48 hours. The muscle soreness should be 
eased after 48 or 72 hours. The investigators will assure that you can meet the movement 
standards before proceeding with data collection; however, risk of injury is always present 
during resistance exercise. If an injury does occur you will notify the principal investigator if 
present, if not you will notify a graduate research assistant whom will immediately notify the 
principal investigator. The principal investigator will then stay in consistent contact with you in 
regards to your well-being.  If serious injury or an emergency situation occurs during training, the 
investigators will immediately contact medical professions to come to your assistance.  Finally, there is a 
small risk of breach of confidentiality.   

 
Participant Initials _________ 
 
 
 
6) Benefits: 

The potential benefits to you are: 
 

● Free measurements of body composition, CSA, MT, and 1RM testing 
● Free BCAA and whey protein supplementation 
● Access to calibrated training equipment that is approved by and used within the 

International Powerlifting Federation (IPF) competitive events 
● The findings from this study can be applied to clients or athletes that you may 

coach or train 
 
7) Data Collection & Storage: 

Potentially identifiable information about you will consist of a medical history questionnaire 
and research data sheets. Data are being collected only for research purposes. All personal 
identifying information will be kept in password-protected files and a code number will be used 
for identification purposes. Data records will be kept in a locked file cabinet in an office within 
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Appendix C: Health History Questionnaire  

Consent_1_Adult Consent Template FAU/RI. Version 3.0 – 06/27/2016 
Page 3 of 3 
 

the department of Exercise Science and Health Promotion. Although results of this research 
may be presented at meetings or in publications, identifiable personal information pertaining to 
participants will not be disclosed unless required by law. 

 
8) Contact Information: 

• If you have questions about the study, you should call or email the investigator(s), Michael C. 
Zourdos, at (561)-297-1317 or mzourdos@fau.edu. 

• If you have questions or concerns about your rights as a research participant, contact the Florida 
Atlantic University Division of Research, Research Integrity Office at (561) 297-1383 or send an 
email to researchintegrity@fau.edu. 

 
9) Consent Statement: 
*I have read or had read to me the information describing this study.  All my questions have been 
answered to my satisfaction. I am 18 years of age or older and freely consent to participate.  I 
understand that I am free to withdraw from the study at any time without penalty.  I have received a 
copy of this consent form.  
 
 
Printed Name of Participant:  __________________________________________________________ 
 

Signature of Participant:______________________________________ Date: _____________________ 
 
 
Printed Name of Investigator:  __________________________________________ 
 
Signature of Investigator: _________________________________________ Date: __________________ 
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Florida Atlantic University 

Medical History Form 
 

Demographics: 
Name: ________________________________ Sport: ___________ Pos.: _______________ 
Date: ___________ Age: _______________ Birth Date: ____/____/____ 
 
Family History: 
Has anyone in your immediate family had any of the following:  Please circle yes or no. 
 
Heart Disease   Yes No  Diabetes   Yes No 
High Blood Pressure  Yes No  Cancer   Yes No 
Stroke    Yes No  Tuberculosis  Yes No 
Sudden Death (before 50)  Yes No  Asthma   Yes No 
Epilepsy    Yes No  Gout   Yes No  
Migraine Headaches  Yes No  Marfan’s Syndrome Yes No 
Eating Disorder   Yes No  Sickle Cell  Yes No 
 
Personal History: 
1.  Have you ever been hospitalized?      Yes No 
     Have you ever had surgery?       Yes No 
     Are you presently under a doctor’s care?      Yes No 
     Please explain and give dates for all “Yes” answers: ___________________________________ 
     _____________________________________________________________________________ 
     _____________________________________________________________________________ 
 
2.  Please list any medications you are currently taking and for what conditions.  _______________ 
     _____________________________________________________________________________ 
 
3.  Please list any known allergies. ___________________________________________________ 
     _____________________________________________________________________________ 
 
4.  Have you ever had a head injury / concussion?    Yes No 
     Have you ever been knocked out or unconscious?    Yes No 
     Have you ever had a seizure, “fit”, or epilepsy?    Yes No 
     Have you ever had a stinger, burner, or pinched nerve?   Yes No 
     Do you have recurring headaches or migraines?    Yes No 
     Pleas explain and give dates of  “Yes” answers: _______________________________________ 
     _____________________________________________________________________________ 
     _____________________________________________________________________________ 
     _____________________________________________________________________________ 
 
5.  Have you ever had the chicken pox?     Yes No 
    If yes, at what age? _________ 
 
6.  Have you ever had the mumps or measles?     Yes No 
 
7.  Do you have a history of asthma?     Yes No 
 
8.  Are you missing an eye, kidney, lung, or testicle?    Yes No 
 
9.  Do you have any problems with your eyes or vision?   Yes No 
 
10. Have you ever had any other medical problems (mononucleosis,  
          diabetes, anemia)?       Yes No 
 
11. Have you ever taken any supplements for improved performance?  Yes No 
 
12. Are you presently taking any supplements for diet or performance?  
          (creatine, protein, etc.)?      Yes No 
 If Yes then what substance? ___________________________ 
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13.What is the lowest weight you have been at in the last year _____,  
highest _____?  What is your ideal weight _______? 

 
14. Do you have any trouble breathing or do you cough during or after 
 practice?       Yes No 
 
15. Have you ever had heat cramps, heat illness, or muscle cramps?  Yes No 
 
16. Do you have any skin problems (itching, rashes, acne)?   Yes No 
 
Explain all “Yes” answers for questions 5 – 16: _________________________________________ 
_______________________________________________________________________________ 
_______________________________________________________________________________ 
_______________________________________________________________________________ 
_______________________________________________________________________________ 
_______________________________________________________________________________ 
 
17. Have you ever passed out during or after exercise?   Yes No 
      Have you ever been dizzy during or after exercise?   Yes No 
      Have you ever had chest pain during or after exercise?   Yes No 
      Have you ever had high blood pressure?     Yes No 
      Have you ever been told you have a heart murmur?   Yes No 
      Have you ever had racing of you heart or a skipped heart beat?  Yes No 
      Has anyone in your family died of heart problems or a sudden  

death before the age of 50?     Yes No 
      Have you ever had an EKG or echocardiogram?    Yes No 
Explain all “Yes” answers for question 17: _____________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
 
 
18. Have you ever sprained / strained, dislocated, fractured, or had repeated swelling or other injury of any bones or joints?  Explain any “Yes” 
answers. 
Head/Neck  Yes No __________________________________________________ 
Shoulder  Yes No __________________________________________________ 
Elbow & arm  Yes No __________________________________________________ 
Wrist, hand & fingers Yes No __________________________________________________ 
Back   Yes No __________________________________________________ 
Hip / Thigh  Yes No __________________________________________________ 
Knee   Yes No __________________________________________________ 
Shin/Calf  Yes No __________________________________________________ 
Ankle, foot, toes  Yes No __________________________________________________ 
 
19. What is the average number of hours you sleep per night? ________________ 
 
20. What time do you usually go to sleep at night? And, what time do you usually wake-up in the morning? ________________ 
 
21. What time did you go to sleep last night and what time did you wake up this morning? ________________ 
 
Would you like to speak to a medical staff member regarding any topics or  
concerns? (i.e., nutrition, supplements, drugs, heart problems, weight loss/gain,  
sexual diseases, concussions, etc.,)?       Yes No 
If yes then what topic? _____________________________________________ 
 
Please sign: 
 I hereby state that, to the best of my knowledge, my answers to the above questions are correct. 
 __________________________________________________________________________ 
  Athlete’s Signature      Date Signed 
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Appendix D: Physical Activity Questionnaire 

 

 

 

 

 

Physical Activity Questionnaire 

Think about all the exercise training in which you engage.  Use that information to appropriately 
answer the following questions. 

1. Have you competed before in strength competitions?   If so, how often? 

Yes	or	No	 	 If	so,	___________________	times/year	

 

a. If yes to #1: How long have you been training for strength competitions? 

______________ years. 

 

b. If yes to #1: When you compete, which sport do you compete in (Powerlifting, 
Strongman, or Bodybuilding)? 

Event:___________________________________ 

 

 

2. Are	you	currently	been	in	engaged	in	a	structured	resistance-training	program?		If	so,	
how	long?	

Yes	or	No	 	 If	so,	___________________	years	

 

3. How many hours of resistance training do you perform on average each week? 	

___________________	hours/week	

	

4. How	many	times	do	you	resistance	train	per	week?  Please indicate if you do more than 
once a day. 

___________________	days/week	 Average___________________	times/day	

	

5. How	many	times	per	week	do	you	perform	the	following	exercises?	

a. Barbell	back	squat:	__________	times/week	

b. Barbell	bench	press:	__________	times/week	

c. Barbell	deadlift:	__________	times/week	
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6. How many years of experience do you have with following exercises? What is your estimated 
1RM? 

a. Barbell back squat: __________ years; 1RM__________pounds 
 

b. Barbell bench press: __________ years; 1RM__________pounds 
 

c. Barbell deadlift: __________ years; 1RM__________pounds 
 
 
 

7. Please describe your average resistance training intensity based on your self-estimated 
maximum load.  

___________________	%	your	maximum        	
      

8. Do you incorporate any aerobic training? If so, how many times per week? 

Yes	or	No	 	 If	so,	___________________	times/week	
 

9. Please describe your average aerobic training intensity on a scale below (as close as possible): 

1 2 3 4 5 6 7 8 9 10 

      Very Light           Light             Moderate                Intense     Very Intense 

	
10. Please	best	describe	your	occupation	or	daily	activities	other	than	your	exercise	training.	

	
	

11.	Do	you	have	any	coaching	by	a	certified	professional	in	general	resistance	training?	
	
 

   



 

 39 

Appendix E: Resistance Training Specific Rating of Perceived Exertion (RPE) Scale 
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