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ABSTRACT 5 

The purpose of this study was to investigate the between-session reliability of the squat jump 6 

force-velocity (FV) and load-velocity (LV) profiles. Eighteen subjects (age = 28.1  4.8 years; 7 

height = 1.7 9.7; mass = 74.7  12.8) who could back squat >1.5 times body mass participated 8 

in this study.  Each subject completed a familiarization session followed by two experimental 9 

sessions each separated by 72 hours. Subjects performed a series of squat jumps on a force 10 

plate against external loads between 0 and 100% of their body mass in a quasi-randomized 11 

block order. Intraclass correlation coefficient (ICC) and coefficient of variation (CV) were used 12 

to examine the between-session reliability. Peak (PV) and mean velocity (MV) at each load 13 

were highly reliable (ICC >0.80, CV% <7.41, SEM <0.13 m/s, SDD <0.31 m/s, ES <0.21). FV 14 

profiles created with peak force and relative peak force resulted in poor to excellent reliability 15 

(ICC = 0.34-0.92, CV% = 11.9-26.3). When mean and relative mean force were used to create 16 

FV profiles there was poor to good reliability (ICC = 0.03-0.85, CV% = 18.1-39.4). When the 17 

LV profile was calculated with PV (ICC = 0.60-0.90, CV% = 7.9-16.9) or MV (ICC = 0.49-18 

0.91, CV% = 11.1-23.4) there was poor to excellent reliability. There was no time effect found 19 

between sessions for both FV and LV profiles. The squat jumps FV and LV profiles established 20 

with a force plate are not reliable. Therefore, these profiles are not recommended to be used to 21 

inform programming decisions.   22 

 23 

Key Words: Maximum strength, vertical jumping, performance assessment, force generation 24 

capacity. 25 
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INTRODUCTION  27 

When attempting to improve force-generating capacity, athletes perform resistance training 28 

that is designed to target the development of muscular strength and an increase in movement 29 

velocity (17, 32). A critical factor to consider when constructing targeted training plans is that 30 

appropriate training loads are prescribed (32). Typically, training loads are manipulated by 31 

altering the training intensity, volume, exercise order, or exercise sequences in order to target 32 

specific training outcomes and maximize the athlete’s performance (32). 33 

 34 

One method of manipulating resistance training load that has recently gained in popularity is 35 

to create a force-velocity (FV) profile that is used to guide programming decisions (28). With 36 

this method the FV profile is used to direct the training focus for a given athlete by determining 37 

whether the athlete is force or velocity deficient during jumping tasks (17, 28).  If the athlete’s 38 

FV profile indicates a force deficit then their theoretical maximum force (F0) would be lower, 39 

and they would not be able to generate adequate force at higher loads (17). Conversely, if the 40 

FV profile displays a velocity deficit, the athlete will have a lower theoretical maximum 41 

velocity (V0) which would indicate that they are not able to generate high forces with lighter 42 

loads (17). It has been suggested that by targeting these deficits with specific resistance training 43 

interventions, an athlete can improve their force-generating capacity across the entire FV 44 

spectrum in a more precise manner, which has been hypothesized to result in greater 45 

improvements in sports performance (17). Previous studies have reported that an eight-to-nine-46 

week individualized resistance training program based on the deficit determined with the FV 47 

profile resulted in a more ‘balanced’ FV profile and an enhanced vertical jump performance 48 

(17, 29). While previous studies suggest the efficacy of implementing training focus based 49 

upon the FV profile (17, 29) , it is important to consider the reliability of the FV profile between 50 

sessions. If the FV profile is not reliable, then the use of the profile to guide training may not 51 
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result in the intended outcome(s) and may result in training interventions that are not accurately 52 

aligned with the athlete’s actual deficit.  53 

 54 

Another method of manipulating resistance training load is to create a load-velocity (LV) 55 

profile that can be used to determine the load and velocity relationships that can be used to 56 

modify resistance training on a repetition-by-repetition basis (35). As there is an inverse 57 

relationship between the load lifted and movement velocity during resistance exercise, a simple 58 

linear regression analysis can be used to calculate the theoretical maximum load at zero 59 

velocity (L0) and the theoretical maximal velocity (V0)  (16). Once this has been accomplished, 60 

an individualized LV profile can be created (16). Although this method has been suggested to 61 

be an effective tool for prescribing resistance training load (11), to our knowledge, the 62 

reliability of the LV profile during a squat jump (SJ) has yet to be thoroughly established. As 63 

such, it is important to establish the reliability of this profile in order to ensure that training 64 

loads are prescribed accurately when employing velocity-based training methods.  65 

 66 

Therefore, the purpose of this study was to investigate the between sessions reliability of the 67 

FV and LV profiles. We hypothesized that there would be no difference in the FV and LV 68 

profiles between sessions and that these profiles would be reliable.   69 

 70 

METHODS 71 

Experimental Approach to the Problem 72 

All subjects participated in one familiarization and two experimental sessions, each separated 73 

by 72 hours. Anthropometric data (height, body mass), SJ starting position and self-selected 74 

feet width were determined and recorded in the familiarization session. Once these data were 75 

recorded, back squat one-repetition maximum (1RM) was assessed, followed by the 76 
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familiarization of the SJ protocol with light to heavy loads. In the experimental sessions, a 77 

series of SJs were performed in order to determine the reliability and stability of peak velocity 78 

(PV), peak force (PF), mean velocity (MV), and mean force (MF) in developing the FV and 79 

LV profiles across 0% to 100% of body mass (BM) loads. To determine SJ performance, all 80 

subjects performed a series of SJs in a quasi-randomized block order. In each block, all subjects 81 

performed two repetitions of the SJ against the given external loads in a randomized order. 82 

Subjects returned to the laboratory 72 hours after first experimental session to repeat the 83 

experimental protocol, allowing for the determination of between-session reliability of PV and 84 

MV, as well as the stability of the FV and LV profiles. 85 

 86 

Subjects 87 

Eighteen subjects (n = 3 females, 15 males; age = 28.1  4.8 years; height = 1.7 9.7 m; mass 88 

= 74.7  12.8; back squat 1RM = 1.8  0.3 kg.kg-1, unloaded vertical jump height = 0.34  0.09 89 

m) participated in this study. All subjects read and signed an informed consent form prior to 90 

participating in this study in accordance with Edith Cowan University Human Research Ethics 91 

Committee guidelines (Project 20335). All subjects were healthy and had no current lower 92 

body injuries that would impact their ability to perform squatting and jumping movements. All 93 

subjects were required to be able to back squat a minimum of 1.5x body mass and were 94 

screened for strength training background with standard questionnaires. Additionally, all 95 

subjects were asked to refrain from any lower body strenuous exercises for 72 hours prior to 96 

all testing sessions. Finally, subjects were required to wear the same footwear in both 97 

familiarization and experimental sessions. 98 

 99 

Procedures 100 

Data Acquisition 101 
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In the familiarization session, subjects randomly performed a series of SJs with one randomly 102 

selected load from each of the four loading blocks used in this study: 1) 0%, 10%, 20%, 2) 103 

30%, 40%, 50%, 3) 60%, 70%, 80%, and 4) 90%, 100% of BM. Before performing the SJ each 104 

subject’s starting position and back squat depth knee-angle were measured using a hand-held 105 

goniometer (Exacta Goniometer, California, USA). Additionally, the self-selected SJ foot 106 

width was recorded with a 5 cm intersected grid on the force plate, so that it could be 107 

maintained during each testing session (33). All subjects were allowed to use a weightlifting-108 

belt during the back squat 1RM and SJ and this was kept consistent for the following testing 109 

sessions. All subjects performed a 10-15 minute self-selected dynamic warm-up which was 110 

recorded and kept consistent through the remaining testing sessions, followed by the free 111 

weight (Eleiko, Halmstad, Sweden) back squat 1RM protocol based upon the procedures of 112 

Banyard et al. (1). All subjects were required to squat down to a 90 knee-angle and then stand 113 

up with the barbell without pausing. To ensure the required depth was attained during each 114 

1RM attempt, subjects squatted to an elastic cord attached to the squat rack in the position 115 

established during the familiarization session (31).  116 

 117 

During the experimental testing sessions, subjects performed a series of SJs from Block 1 to 118 

Block 4; 1) 0%, 10%, 20%, 2) 30%, 40%, 50%, 3) 60%, 70%, 80%, and 4) 90%, 100% of BM. 119 

In each block, subjects performed two SJs against the given external loads in a randomized 120 

order. One minute of rest was allocated between repetitions, while two minutes were allocated 121 

between loading conditions. All subjects were required to place the barbell across their 122 

shoulders and adopt the same foot placement as during the back squat 1RM. A carbon fiber 123 

pole (0.5kg) was used at 0% of BM in order to standardize the movement across loading 124 

conditions. A 5-kg and 20-kg free-weight barbell were used for loads >10% of BM to adjust 125 

loads for each individual. They were instructed to squat down to an elastic cord at the 126 
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previously determined 90º knee angle. This position was held for at least two seconds to 127 

remove the influence of the stretch-shortening cycle. Subjects were then instructed to jump as 128 

high as possible after a countdown of “3, 2, 1, Jump”. Repetitions were repeated if the 129 

investigator observed the barbell or carbon fiber pole leaving the subject’s shoulders or if a 130 

visually obvious countermovement prior to initiation of the propulsive phase was present 131 

during real-time observation of the force trace (24). On average, a total of three jumps were 132 

performed at each load tested. All trials were performed in a custom-designed power rack while 133 

standing on an in-ground force plate (AMTI BP6001200, MA, USA). As per standard operating 134 

procedures in our laboratory, the force plate was calibrated before all testing sessions. Vertical 135 

ground reaction forces were collected at 2000 Hz through a BNC-2090 interface box with an 136 

analog-to-digital card (NI-6014; National Instruments, Austin, TX, USA).  137 

 138 

Data Analysis 139 

All unfiltered force-time data were analyzed using a custom Excel spreadsheet (Microsoft, 140 

Redmond, WA, USA). The start of the jump was identified as the point at which force exceeded 141 

5 SDs of body weight calculated during a one second period of ‘standing quiet’.  Take-off was 142 

identified using a three step process: 1) the first force value less than 10 N and the next force 143 

value greater than 10N were identified; 2) the center of the flight phase was determined as 30 144 

ms after and before the points identified in step 1; and 3) take-off was then determined as the 145 

mean of the flight phase force + 5 standard deviations (21).  System center of mass velocity 146 

was calculated by dividing net force by system mass (body mass + external barbell mass) on a 147 

sample-by-sample basis and then integrating the product with respect to time using the 148 

trapezoid rule and an initial velocity of 0 m/s (22). The concentric phase was defined as the 149 

portion of the force-time curve between the start of the jump and take-off. MV was defined as 150 

the average velocity and PV as the highest instantaneous velocity during the concentric phase, 151 
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respectively (21). The trial at each load with the highest PV calculated from force plate data at 152 

each load were used for subsequent analyses (20). 153 

 154 

To determine the FV profile, a linear regression was calculated using a custom Excel 155 

spreadsheet (Microsoft, Redmond, Washington) to assess the relationship between velocity of 156 

the system’s center of mass and force generated with each % of BM load to determine FV 157 

profiles using both absolute force (N) and relative forces (N.kg-1: absolute force divided by 158 

body mass)  (17, 26, 28). FV profiles were created with both PF and MF. LV profiles were also 159 

calculated from each % of BM and velocity (23). Additionally, both the PV and MV were used 160 

to create LV profiles.   161 

 162 

Statistical analyses  163 

The Shapiro-Wilk test was used to access the normality of the sampled data. To determine the 164 

between-session reliability of the velocity (PV, MV) at each % of BM load and for the FV and 165 

LV profiles, the intra-class correlation coefficient (ICC [3,1]) (19) and coefficient of variation 166 

(CV) with 95% confidence intervals (CI) were calculated in an Excel spreadsheet (15). ICC 167 

95% CI values were interpreted as poor (< 0.5), moderate (0.5-0.75), good (0.75-0.9) and 168 

excellent (> 0.9) reliability (19), while CV values were interpreted as good (<5%), moderate 169 

(5-10%),  poor (>10%) (5). The smallest detectable difference (SDD) was calculated in a 170 

custom spreadsheet to determine the smallest difference that represents a meaningful 171 

measurement change in PV and MV between sessions using the equation SDD = 172 

1.96 × √2 ×  SEM, where SEM is the standard error of the measurement (2). Differences 173 

between-sessions in PV and MV were also assessed using separate 2 (time) x 11 (load) repeated 174 

measures analysis of variance (ANOVA). Where significant effects were found, post hoc 175 

pairwise comparisons with Holm’s Sequential Bonferroni corrections were performed (13). 176 
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Differences between sessions in parameters calculated from both FV profiles and the LV 177 

profiles were assessed using paired t-tests. The alpha level for each test was set at  = 0.05. 178 

The magnitude of difference in profiles between sessions were estimated by calculating 179 

Hedge’s g effect size statistics (12), which were interpreted as trivial (<0.2), small (0.2-0.6), 180 

moderate (>0.6-1.2), large (>1.2-1.99), very large (≥2.0) (14). Statistical analyses were 181 

performed in the R programming language (version 4.0.2) (27). Repeated measures ANOVAs 182 

were performed using the afex package (version 0.28-0) (30). Hedges g effect sizes were 183 

calculated in a custom script (12), with 95% CIs obtained using the MBESS package (version 184 

4.8.0) (18). 185 

 186 

RESULTS 187 

When the LV profile was calculated from PV there was a moderate to excellent relative 188 

reliability (ICC = 0.83; 95% CI = 0.60-0.93) and a moderate to poor absolute reliability (CV = 189 

10.7; 95% CI =7.9-16.9%). When MV was used to calculate the LV profile, there was a poor 190 

to excellent relative reliability (ICC = 0.77; 95% CI = 0.49 - 0.91) and a poor absolute reliability 191 

(CV = 15.1; 95% CI = 11.1- 23.4%). There was good to excellent relative reliability and good 192 

to moderate absolute reliability for PV at each load tested (Figure 1A-B).    193 

 194 

Insert Figure 1 about here 195 

 196 

Additionally, when using the PV to create the LV profile there were no significant differences 197 

between sessions for the slope (p = 0.642, g = -0.071, 95% CI = -0.583-0.724), the V0 (p = 198 

0.799, g = 0.019, 95% CI = -0.634-0.672), and the L0 (p = 0.693, g = -0.058, 95% CI = -0.711-199 

0.596) of the profile (Figure 2A-B). 200 

 201 



Vertical jump force-velocity and load-velocity profile - 

 

 

10 

Insert Figure 2 here 202 

 203 

MV at each load resulted in moderate to excellent relative reliability and good to poor absolute 204 

reliability (Figure 1C-D). There were no significant time effects for PV and MV between 205 

sessions at all loads. Descriptive statistics for PV and MV are presented in Table 1. 206 

 207 

Insert Table 1 about here 208 

 209 

When using the MV to create the LV profile there were no significant differences between 210 

testing sessions for the slope (p = 0.670, g = 0.068, 95% CI = -0.587-0.721), the V0 (p = 0.308, 211 

g = 0.098, 95% CI = -0.556-0.751), and the L0 (p = 0.725, g = -0.055, 95% CI = -0.708-0.599) 212 

of the profile (Figure 2C-D). 213 

 214 

When the FV profile was created based upon the PF and PV results, there was moderate to 215 

excellent relative reliability (ICC = 0.80; 95% CI = 0.55-0.92) and poor absolute reliability 216 

(CV = 16.2; 95% CI = 11.9-26.2%). Additionally, there were no significant differences in the 217 

slope (p = 0.282, g = -0.198, 95% CI = -0.852-0.458), V0 (p = 0.595, g = -0.092, 95% CI = -218 

0.745-0.563), and F0 (p = 0.595, g = 0.100, 95% CI = -0.555-0.753) (Figure 3A-B) between 219 

testing sessions.     220 

 221 

Insert Figure 3 here 222 

 223 

Additionally, when relative PF and PV were used to create the FV profile there was poor to 224 

good relative reliability (ICC = 0.69; 95% CI = 0.34-0.87) and poor absolute reliability (CV = 225 

16.2; 95% CI = 11.9-26.2) was exhibited. When this FV profile was compared between 226 
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sessions there were no significant differences between the slope (p = 0.279, g = -0.238, 95% 227 

CI = -0.893-0.419), V0 (p = 0.595, g = -0.092, 95% CI = -0.745-0.563) and F0 (p = 0.380, g = 228 

0.177, 95% CI = -0.479-0.830) (Figure 4A-B).  229 

 230 

Insert Figure 4 here 231 

 232 

When MF and MV were used to construct the FV profile there was poor to good relative 233 

reliability (ICC = 0.62; 95% CI = 0.25-0.85) and poor absolute reliability (CV = 24.8%; 95% 234 

CI = 18.1-39.4%). Additionally, there were no significant differences in the slope (p = 0.401, 235 

g = -0.166, 95% CI = -0.819-0.490), V0 (p = 0.696, g = 0.068, 95% CI = -0.587-0.721), and F0 236 

(p = 0.696, g = 0.110, 95% CI = -0.544-0.763) between testing sessions (Figure 3C-D).     237 

 238 

Similarly, when the FV profile was created from relative MF and MV there was poor to 239 

moderate relative reliability (ICC = 0.48; 95% CI = 0.03 – 0.77) and poor absolute reliability 240 

(CV = 24.8%; 95% CI = 18.1-39.4%)  When this FV profile was compared between sessions 241 

there were no significant differences between the slope (p = 0.456, g = -0.179, 95% CI = -242 

0.833-0.477), V0 (p = 0.696, g = 0.068, 95%CI = -0.587-0.721) and F0 (p = 0.466, g = 0.180, 243 

95% CI = -0.476-0.833) (Figure 4C-D).   244 

 245 

DISCUSSION 246 

The purpose of current study was to investigate the between-session reliability of the FV and 247 

LV profiles determined with the free-weight SJ. The LV profile was more reliable than the FV 248 

profile, while the FV profile calculated with relative force was determined to be the least 249 

reliable. Importantly, however, all profiles were unreliable despite there being no significant 250 

differences between sessions. This was particularly the case when each profile was calculated 251 
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using MF and MV, which resulted in the poorest ICC (0.48-0.77) and CV (15.1-24.8) values. 252 

Poor absolute reliability (CV = 10.7-16.2) was also noted when PF and PV were used to create 253 

both profiles, while using these variables resulted in better relative reliability (ICC = 0.69-0.83). 254 

Based upon these findings, FV and LV profiles that are created with the SJ should not be used 255 

to guide the focus of a resistance training program. Nor should these profiles be used to define 256 

training loads for this exercise.  257 

 258 

Currently, there are a limited number of peer reviewed studies that have examined the between-259 

session reliability of a FV profile determined during a SJ (4, 6, 9). In one study, Garcia-Ramos 260 

et al. (6) reported that the FV profile determined with a free-weight SJ performed with loads 261 

between 17 kg to 75 kg resulted in moderate to good reliability for the F0, V0, and slope when 262 

calculated with PV (ICC = 0.80-0.88, CV% = 4.2-7.2). When calculated with MV the F0, V0, 263 

and slope were determined to have good to poor absolute reliability (CV% = 3.8-12.6) (6). 264 

Similarly, Cuk et al. (4) reported that when the FV profile was calculated with either PV or 265 

MV there was a moderate to excellent reliability for the F0, V0, and slope (peak: ICC = 0.86-266 

0.96, CV% = 3.6-9.8). Furthermore, Garcia-Ramos et al. (9) reported that when creating the 267 

FV profile with the PF and PV during a free-weight SJ with loads between 0 to 75 kgs there is 268 

moderate to good reliability for F0, V0, and slope (ICC = 0.74-0.84, CV% = 3.6-8.6). The 269 

findings observed in the current study did not agree with those found in these studies as the FV 270 

profile determined within the current study displayed poor to moderate reliability when PV and 271 

MV were used.  272 

 273 

One possible explanation for the differences in the present study and those of Garcia-Ramos et 274 

al. (6, 9) and Cuk et al. (4) may be related to the strength level of the populations used in each 275 

study. In the current study all subjects were able to squat at least 1.5 x BM.  Previously, Cormie 276 
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et al. (3) has presented data that clearly shows that there are differences in the FV profiles and 277 

velocities of movement when comparing stronger (1RM squat >1.55 x BM) and weaker (1RM 278 

squat <1.55 x BM) individuals.  It is possible that the subjects used by Garcia-Ramos et al. (6, 279 

9) and Cuk et al. (4) were weaker than the subjects in the present study, but this is impossible 280 

to confirm as none of these studies have reported maximal lower body strength levels for their 281 

subjects. Conceptually, strength would indeed exert a significant impact on the FV profile if 282 

absolute loads or percentages of body mass are used to determine the loads used during SJ 283 

testing.  For example, if an absolute load of 75 kg were used as one of the test loads, someone 284 

with a body mass of 80 kg and is able to squat 1.7 times BM would be tested with a SJ 285 

performed with 55% of their maximum squat.  Conversely, if the same 80kg athlete had a 286 

maximum back squat of 80 kg (i.e., 1.0 x BM) they would be required to be tested with a SJ 287 

load which would be ~94% of their maximum squat. As it is well documented that the velocity 288 

of movement is less reliable the closer one gets to the 1RM (1, 35), it is very likely that different 289 

reliabilities may be achieved when comparing studies that use absolute loads, percentages of 290 

BM, or percentages of 1RM. As such it is critical that when creating the FV profile, maximal 291 

strength levels are determined for each individual tested.   292 

 293 

While both the present study and the previous works by Garcia-Ramos et al. (6, 9) examined 294 

the use of SJs performed with free-weights, it is possible that the loads used in these studies do 295 

not necessarily match each subjects’ strength level. For instance, Garcia-Ramos et al. (6, 9) 296 

used standardized absolute loads of 0, 17, 30, 45, 60, and 75 kg. Using the previous example, 297 

if the two individuals are the same body mass of 80 kg and their maximum strength are different 298 

(1.7 x BM, 1.0 x BM respectively), the weaker individual is required to perform SJs with a 299 

higher relative intensity at each load compared to the stronger individual. This might hinder 300 

assessing the FV profile for both individuals and may not lead an intended training direction. 301 
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As such, it is recommended to use relative to BM loads or %1RM loads in order to assess actual 302 

individual FV profile.  303 

 304 

A second possible explanation for the differences between the present study and the current 305 

literature may be related to the different exercise modes used to create each FV profile. The 306 

present study utilized a free-weight barbell SJ while the study by Cuk et al. (4) used a rubber 307 

band-based pulley machine that employed two long rubber bands to modulate the body mass 308 

during the SJ. Specifically, this system allowed the body mass to be reduced to as low as 0.7 x 309 

body mass or as high as 1.3 x body mass during the SJ (4). As such the maximum load applied 310 

during these jumps was 30% of body mass, which was substantially lower than the majority of 311 

loads used in the present study. Due to the fact that the FV profile reported by Cuk et al. (4) 312 

was created based upon unloaded and low load conditions it is difficult to compare with the 313 

present study where body mass was kept constant and load was added for each jumping 314 

condition. Additionally, it might not be unexpected to see higher reliabilities for the FV profiles 315 

created with unloaded and low load conditions as the subjects would be performing SJs at 316 

substantially lighter loads relative to their maximal strength.   317 

 318 

A third possible explanation for the results of the present study and those seen in the studies 319 

by Garcia-Ramos et al. (6, 9) may be related to the number of trials used to create the FV profile 320 

(7). Based upon the current body of literature it appears that the standard SJ test used to create 321 

a FV profile requires between 5 and 8 data points in order to ensure an accurate profile is 322 

calculated (6, 9, 17). Conversely, Garcia-Ramos and Jaric (8) suggest that the use of the 323 

multiple-point method may be too time consuming and result in excessive fatigue which could 324 

impact the results of the FV profile test. Based upon the fact that the FV displays a fairly linear 325 

relationship, several authors have recommended the use of significantly less data points (i.e., 326 
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2 data points) when creating a FV profile (7, 9). For example, Garcia-Ramos et al. (9) have 327 

demonstrated that the FV profile can be accurately and reliably determined with the use of as 328 

few as two data points when performed with the SJ. In this study, one low load and one high 329 

load (i.e., 0 kg and 75 kg) were used to create the FV profile that produced moderate relative 330 

and absolute reliability with the ICC >0.72 and CV% <8.06 for F0, V0, and slope of the FV 331 

profile. In the present study, the FV profiles were created based upon 11 data points, which is 332 

substantially more data points than those presented in previous studies  (4, 6) and particularly 333 

the two-point method (9). Therefore, it is possible that the reduced reliability of the FV profile 334 

in the present study may be a function of accumulated fatigue stimulated by the greater number 335 

of jump trials performed negatively impacting the subject’s ability to perform the prescribed 336 

jumping tasks. While this line of reasoning is plausible, it is important to note that to date there 337 

are no known studies which have attempted to examine the two-point methods ability to 338 

accurately and reliably estimate the FV profile with the SJ methods utilized in the present study.  339 

 340 

While there is some research looking at the FV profile, to our knowledge, there is only one 341 

known study that has reported the reliability of the LV relationship during loaded SJs (10). 342 

Garcia-Ramos et al. (10) reported the reliability of the LV relationship when calculated from 343 

all loads with a Smith Machine SJ across range of loads of 25%, 50%, 75%, and 100% of BM. 344 

In this study there was a higher reliability based upon the high ICC (PV: 0.97-0.99, MV: 0.90-345 

0.95) and low CV% (PV: 2.0-2.8, MV:3.9-4.5). While PV and MV were highly reliable there 346 

was no data presented examining the reliability of these measures at each load tested, nor where 347 

the L0, V0, and slope of the LV profile determined. Importantly, due to the fact that Garcia-348 

Ramos et al. (10) utilized a Smith Machine to assess the LV relationship, it is difficult to 349 

compare to the results of present study where free-weight SJs were performed. It is possible 350 

that the use of free weights enables barbell movement in both horizontally and vertically which 351 
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may introduce additional error into the measures and while this could be considered a strength 352 

of the Smith Machine based research (because horizontal displacements are controlled), its 353 

findings can only be applied to those who have access to a Smith Machine (10) . 354 

 355 

To our knowledge, the present study is the first study to examine the between-session reliability 356 

of the LV profile during a free-weight SJ. While there were no statistically significant 357 

differences in the LV profiles in the present study, poor to excellent relative reliability and 358 

moderate to poor absolute reliability was determined when using PV and MV to create each 359 

profile. Based upon the results of the present study it appears that the LV profile is variable 360 

between days. While the LV profiles in the present study were determined in the absence of 361 

fatigue, it is possible that the LV profile will shift to a greater extent when fatigue is present.  362 

Recent research by Vernon et al. (34) has examined how the LV profile determined during a 363 

progressively loaded squat protocol changes at 24, 48, 72, and 96 hours after the completion 364 

of a strength (5 sets of 5 repetitions at 80% of 1RM) session. Moderate reductions were 365 

observed in the LV profiles created with PV and MV at 24 and 48 hours following the strength-366 

oriented training session, while trivial to small reductions were observed after 72 hours. While 367 

the study by Vernon et al. (34) and the present study used different exercise to generate the LV 368 

profile, it is clear that these profiles change from day to day and are highly sensitive to fatigue.    369 

 370 

When interpreting the reported results, practitioners should consider a number of limitations to 371 

this study. The LV and FV profiles were constructed based on an 11-load jumping protocol 372 

and therefore the results may have been impacted by fatigue accumulated throughout the 373 

testing process, particularly at the heavier loads. Furthermore, although all subjects had 374 

previously performed loaded squats jumps as part of their resistance training programs, one 375 

familiarization session may not have been sufficient to stabilize the profiles and therefore may 376 
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have impacted their reliability. Previously, Meylan et al. (25) performed three familiarization 377 

sessions prior to testing, however the number of sessions required to stabilize the FV and LV 378 

profiles is currently unknown and remains an avenue for future investigation. 379 

 380 

PRACTICAL APPLICATIONS 381 

The results of the present study confirm that the FV and LV profiles calculated with PV and 382 

MV determined from a force plate during a series of loaded SJs are not reliable between 383 

sessions and therefore provide the strength and conditioning professional with only a snapshot 384 

of the athlete's performance capacity at a single time-point. Based upon these results, the SJ 385 

FV and LV profiles should not be used when attempting to prescribe the training direction 386 

and/or load, especially if the athlete is not familiar with performing loaded SJs. If the 387 

practitioner does choose to use these profiles to guide training decisions or prescribe training 388 

loads significant familiarization with loaded SJs is warranted and a protocol that uses fewer 389 

trials to establish these profiles is warranted. While the present study has examined the use of 390 

the force plate for the determination of these profiles, further research is required to determine 391 

the between-session reliability and validity of these measures when using velocity metrics 392 

obtained via other commercially available measurement devices such as linear position 393 

transducers and accelerometers. This is important because as these devices are more commonly 394 

used by strength and conditioning professionals to create these profiles. 395 
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LIST OF FIGURES 

Figure 1. Comparison of the between-session reliability of peak and mean velocity during a squat 

jump. (A) ICC for peak velocity (B) CV% for peak velocity, (C) ICC for mean velocity, (D) CV% 

for mean velocity.  The shaded areas represent the levels of relative and absolute reliability. (ICC 

<0.5 = poor, shaded in white; ICC 0.5-0.75 = moderate, shaded in light gray; ICC >0.75-0.9 = good, 

shaded in medium gray; ICC >0.9 = excellent, shaded in dark gray; CV <5% = good, shaded in 

medium gray; CV 5-10% = moderate, shaded in medium gray; CV >10% = poor, shaded in white); 

error bars represent 95% confidence intervals, ICC = intraclass correlation, CV% = coefficient 

variation, %BM = percent body mass. 

 

Figure 2. Between sessions comparison of the load-velocity profile during squat jumps against 

loads from 0% to 100% of body mass. %BM = percent body mass.  

 

Figure 3. Between sessions comparison of the force-velocity profile during squat jumps against 

loads from 0% to 100% of body mass. %BM = percent body mass. 

 

Figure 4. Between sessions comparison of the force-velocity profile calculated with relative force 

during squat jumps against loads from 0% to 100% of body mass. %BM = percent body mass. 

 

 


