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THE BARBELL HIP-THRUST EXERCISE: TEST-RETEST RELIABILITY AND 1 

CORRELATION WITH ISOKINETIC PERFORMANCE  2 
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ABSTRACT  26 

The barbell hip thrust (BHT) exercise is growing in popularity as evident by the large increase in 27 

research outputs investigating its utility as a training intervention and a testing tool. The aim of 28 

this study was to examine the test-retest reliability of the BHT and its correlation with isokinetic 29 

performance. Test-retest reliability was established by correlating the peak force and power 30 

outcomes measured with the BHT force-velocity profile test of 20 handball athletes on two 31 

separate days. The peak force and power measured with the BHT force-velocity profile test of 49 32 

handball athletes, were correlated with peak concentric force of the knee-flexors and hip-33 

extensors measured with an isokinetic device at two different velocities (60-180⁰_s-1). The 34 

correlation between the isokinetic testing scores and the BHT force-velocity profile tests were 35 

moderate to large (Pearson r ranges: 0.45-0.86, all p values < 0.001). Test-retest reliability of the 36 

BHT force-velocity profile was very high as shown with intra-class correlations of 0.94 and 0.99 37 

for peak force and 0.97 and 0.99 for peak power measures. The BHT force-velocity profile can 38 

serve as a tentative substitute in cases that athletes do not have access to an isokinetic device 39 

given the moderate to large correlations between them. Moreover, the BHT force-velocity profile 40 

was shown to be very reliable thus providing coaches and scientists a range of day-to-day 41 

performance variability in this exercise.  42 

 43 

Key words: Assessment; neuromuscular profile; strength and power training; team sports.  44 

 45 
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INTRODUCTION  49 

The barbell hip thrust (BHT) is a bridging exercise used to target the hip extensor and 50 

knee flexors musculature that is growing in popularity among applied practitioners and exercise 51 

scientists (4, 6, 8, 16, 30). This is supported by the increasing number of studies investigating the 52 

BHT biomechanics (3), electromyography responses (6), the immediate (16) and longitudinal (4, 53 

8, 30) effects on athletic performance. For example, a heavy (85% of 1 repetitions maximum 54 

(49)) BHT completed 8-12 minutes prior to a sprinting activity was found to improve sprinting 55 

performance of football and handball athletes (16, 17). Longitudinally, incorporating the BHT 56 

for a 6 to 8 week period was found to improve sprinting speeds (8), and 1RM in BHT and squat 57 

(30). While not all studies observed beneficial effects (4, 30), in light of the growing popularity 58 

of the BHT, its relative ease of use and potential athletic benefits, it is a worthwhile endeavor to 59 

investigate if the exercise can also serve as a performance test. Similar to other exercises that are 60 

used as both training interventions and performance tests, such as the countermovement jumps 61 

(44), bench-press exercises and medicine ball throws (46), the BHT has the potential to be used 62 

as both. In view of the emerging research interest in the BHT exercise and potential in serving as 63 

a performance test, an important first step is to investigate and establish the reliability of the 64 

BHT exercise and investigate whether or not it is correlated other common type of resistance 65 

type exercises.  66 

Reliability, in its simplest sense, refers to the test-retest results in exercise performance 67 

(25, 26). Establishing the test-retest reliability of the BHT will allow coaches and exercise 68 

scientist to calculate the precision of the assessed test and the associated confidence interval 69 

limits, which are necessary to further detect real changes in performances, and to develop an 70 

appreciation for day-to-day performance variability in training and testing. The degree to which 71 
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performance in one test, the one under investigation, correlates with performance of a different 72 

test, which commonly serves as a gold standard in the particular field of research, can serve as a 73 

useful starting point to investigate the new exercise. Measurements of peak concentric torques of 74 

the hip extensors and knee flexors with isokinetic machines are routinely included in athletic 75 

testing (1, 19, 48, 50). Both hip extensors and knee flexion peak torques are strongly correlated 76 

with athletic performance such as sprinting speeds (21), cycling power (41) and jumping 77 

performance (24, 48). However, isokinetic machines are very expensive and of limited 78 

availability. For financial and logistical reasons, many athletes have limited accessibility to this 79 

device, if any at all. Therefore, tests that incorporate similar muscle groups and that correlate 80 

with performance of the isokinetic device test could serve as an affordable and accessible 81 

substitute. Since the hamstrings (knee flexors) and gluteal muscles (hip extensors) are involved 82 

in the BHT exercise as primary hip extensors (5), it is of interest to examine how performance of 83 

these two muscles groups as measured with the isokinetic machines correlates with performance 84 

in the BHT. However, when performing the BHT exercise, the knee is ~90 degrees bent and the 85 

hamstrings length shortens leading to active insufficiency (42) which can increase the 86 

mechanical demands of the gluteal musculature. Accordingly, while BHT performances is 87 

expected to be correlated with the isolated isokinetic test outcomes of both hip extensors and 88 

knee flexors, a stronger relationship is expected with the hip extensors.  89 

Traditional strength assessments, such as determining athlete`s 1RM, can be used to 90 

design the effective load for training purposes aiming to enhancing functional performance. 91 

However, this procedure could be very time consuming when large groups of individuals have to 92 

be regularly assessed (32). In settings where it is not practical or desirable to assess 1RM, 93 

monitoring change in kinetic and kinematic data at submaximal loads may be advantageous. It 94 
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has been widely suggested that prediction of 1RM may be determined from the submaximal 95 

load-velocity relationship (27, 34), simply by measuring the velocity of the moving bar used in 96 

resisted exercises with linear positioning transducers (LPT) employing increasing loads. As such, 97 

1RMs estimation and the load-velocity relationships may be determined. In addition to the 98 

maximal load that can be lifted once, the bar velocity measured during the lifting phase under 99 

different loads allows the creation and monitoring of force-velocity-power (F-V-P) curves and 100 

the derivative mechanical outputs (23). This provides a detailed picture of the athlete’s 101 

mechanical abilities and, potentially reveals weaknesses requiring training implementation. For 102 

example, strength and conditioning practitioners could rely on the F-V-P profiling approach for 103 

more individualized and accurate evaluation, monitoring, and training procedures (44, 45). While 104 

to the best of our knowledge bar velocity during the BHT was not yet examined, this seems to be 105 

a worthwhile effort. To allow for an accurate measurement of vertical bar velocity, the BHT had 106 

to be completed in a smith machine device which allows the bar to move only in one axis.  107 

Accordingly, the goals of this study were twofold. The first was to establish the test-retest 108 

reliability of a BHT test which examines the peak power and peak force in competitive athletes 109 

using LPT technology across two separate days. The second goal was to establish the correlation 110 

between the BHT peak power and force with the peak torques of the hip extensors and knee 111 

flexors across two different velocities in an isokinetic machine.  112 

 113 

METHODS 114 

Experimental Approach to the Problem 115 

This investigation examined the test-retest reliability of the BHT F-V-P profile as well as 116 

its correlations with performance in the isokinetic device using a correlation design. The 117 
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correlation between exercises was assessed over a two-week period during which athletes 118 

randomly completed the isokinetic knee flexors (IKF) and hip extensors (IHE) tests, and the 119 

BHT F-V-P profile test. The tests were separated by seven to ten days of rest. To assess test-120 

retest reliability, 20 athletes performed the BHT F-V-P profile twice, separated by three to four 121 

days of rest. All tests were performed in the same training facilities, at the same time of the day 122 

(16:00-20:00 hours), and in similar ambient conditions of temperature (22.2±0.5°C) and relative 123 

humidity (60±3.5%). Moreover, athletes were instructed to avoid intense training 24 hours prior 124 

to each day of testing, prohibited from consuming any known stimulant or depressant substances 125 

for 24 hours before testing, and instructed not to eat for 2-3 hours before each assessment 126 

session.    127 

 128 

Subjects 129 

Fifty high-level male handball players (age: 24.7 ± 2.9 years; mass: 91.7 ± 7.4 kg; height: 130 

191.7 ± 9.5 cm) volunteered to participate in this study. The players had at least seven years of 131 

handball practice and trained once a day for around 90 minutes, five days per week, undergoing 132 

technical, tactical, strength, and speed training. The athletes also had two years of experience 133 

with both isokinetic and BHT testing procedures. Written informed consent was obtained from 134 

the athletes after they received an oral explanation of the purpose, benefits, and potential risks of 135 

the study. All procedures were conducted in accordance with the Helsinki Declaration and 136 

approved by the Institution's Ethics Committee. 137 

 138 

Procedures  139 

Isokinetic testing 140 
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Bilateral isokinetic testing assessed maximal knee flexors and hip extensors performance 141 

using an isokinetic dynamometer (Biodex “3” generation System, New York, USA). Isokinetic 142 

tests were assessed following a standardized 10 minutes warm-up on a cycloergometer and an 143 

adequate familiarization with the dynamometer in the form of further warm-up by performing 144 

several repetitions at various angular speeds (60-180⁰_s-1). The order between the IKF and IHE 145 

tests was randomized with at least sixty seconds rest period between them. For both tests, the 146 

protocol included five maximal repetitions in concentric modality at both slow (60⁰_s-1) and fast 147 

speeds (180⁰_s-1) with 120 seconds of passive recovery in-between (52). Previous studies have 148 

suggested the choice of these speeds to ensure reliable measures of peak torques (15, 28, 39). 149 

The athletes did not receive visual feedback during the test, while strong verbal encouragement 150 

was provided to ensure maximal and consistent efforts (22). Analysis of the results included the 151 

absolute peak torques in Newton-meters normalized to body weight (Nm·kg-1) that occurred 152 

during the second or third repetition of the tests. Testing of the knee flexion followed the 153 

protocol of Dello Iacono et al., (15) with the athlete tested in a sitting position with the body 154 

stabilized by straps around the thigh, waist, and chest in order to avoid compensations (13). The 155 

range of knee motion was fixed at 95⁰ of flexion from the active maximum extension. The 156 

gravitational factor of the dynamometer`s lever arm and lower segment ensemble was calculated 157 

by the dynamometer, and automatically compensated during measurements. As for the hip 158 

extension test, we adopted the protocol proposed by Harrison and colleagues (Figure 1) (24).  159 

While standing, the athletes were asked to lean over a wedge placed on the chair of the 160 

dynamometer adjusted in a flat position. The chair was raised to the level of the anterior superior 161 

iliac spine so that the mechanical axis of the dynamometer resulted aligned to the anatomical 162 

axis of the hip joint identified in the greater trochanter as established by the International Society 163 
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of Biomechanics (51). For the testing execution, two straps were pulled around the chair and the 164 

lumbar spine, and the tested leg was strapped tightly above the patella.      165 

 166 

Figure 1 about here 167 

 168 

BHT F-V-P profile     169 

In a separate session, the athletes were assessed for BHT F-V-P. In accordance with 170 

Contreras et al., (6) and as recently described by Dello Iacono and colleagues (16), the BHT 171 

exercise was performed by having the participants’ upper back rest on a bench of approximately 172 

40 cm height, with the feet slightly wider than the shoulder width and the toes pointed forward 173 

(Figure 2). The barbell was padded with a thick bar pad and placed over the subjects’ hips. The 174 

athletes first performed a 10-min general warm-up consisting of various dynamic mobilization 175 

exercises for the lower body musculature. Then, three specific warm-up sets with progressively 176 

heavier barbell loads were performed. The BHT F-V-P profile was assessed through the BHT 177 

exercise performed on a Smith machine (Technogym Equipment, Italy) using progressive loads. 178 

Prior to each set, a test administrator instructed the participant to maintain constant downward 179 

pressure on the barbell throughout the execution, to prevent the bar from moving independently 180 

of the body (10). The athletes were instructed to execute three propulsive upward repetitions at 181 

maximal velocity with each load, starting at 50% of their body mass. A load of 20% of body 182 

mass was gradually added in each set until a decrease in BHT peak power was recorded (35). 183 

This was observed after five to six sets on average, resulting in an overall testing time of about 184 

15 min. A 3-min interval was provided between sets with progressive loads.  185 
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To obtain the BHT mechanical measures, a LPT (T-Force, Dynamic Measurement 186 

System; Ergotech Consulting S.L., Murcia, Spain) was attached to the bar on the Smith machine 187 

and the double-differentiation method was followed (23, 35). Specifically, the LPT allowed to 188 

measure the vertical displacement of the barbell. Then, velocity was calculated from 189 

displacement and time [velocity = displacement (s)/time (t)] and acceleration was calculated 190 

from velocity and time [acceleration = velocity (v)/time (t)]. Once the acceleration measures 191 

were obtained, the mechanical variables of interest were computed. Force was calculated by 192 

multiplying the mass of the lifted loads by the acceleration (force = mass × acceleration), and the 193 

power by multiplying force-time by velocity-time values (power = force × velocity) (9, 17, 33).  194 

The LPT data were collected for every trial at 1,000 Hz and then filtered with a 4th order-low 195 

pass Butterworth filter with a cut-off frequency of 50 Hz (2).  196 

For the calculation of the mechanical measures we did not include the body weight as 197 

additional resistance besides the smith machine barbell. It is generally accepted that for lower-198 

body movements, where the whole body mass must be moved in addition to any additional 199 

external load, the resulting velocity, force, and power measures are determined by the athlete's 200 

ability to accelerate the total system mass (i.e., the external load + body mass) (11, 18). 201 

Conversely, for upper-body exercises and others performed with the body partially unloaded due 202 

to a no-antigravitational position (e.g., machine exercises like the leg press and hip-thrust), the 203 

inclusion of body mass is not warranted, and the mechanical work applied to the barbell or 204 

machine is the variable of interest. The lack of clear guidelines, in detailing the exact percentage 205 

of the body mass to be added for an accurate calculation of the mechanical measures, may have 206 

led to discrepancies in reported outputs, causing results misinterpretations and likely limiting the 207 

chances to accurately replicate the testing procedures used in our study (23).  208 



10 
 

 
 

Such uncertainty could be questioned in a future study where a full biomechanical 209 

analysis could be employed for exactly determining the amount of body mass lifted during the 210 

BHT performed in a standardized position, and precisely factoring its effects on the mechanical 211 

responses.  212 

In our study, we considered the BHT peak propulsive force (PFpeak) and power (PPpeak) 213 

for data analysis purposes instead of mean values (Figure 3). This choice may have likely limited 214 

the influence of individual anthropometry, barbell kinematics (e.g vertical displacement) and the 215 

position of the barbell relative to the trunk, hips and knee joints (7). In order to avoid 216 

misinterpretation of the mechanical outputs and taking into consideration the influence of body 217 

mass on its calculation, we normalized the BHT PFpeak and PPpeak values by dividing the absolute 218 

force and power values by the athletes` body mass (BHT relative force = N_kg-1; BHT relative 219 

power = W_kg-1). Following this assessment session, the athletes reported to the training facility 220 

on an additional occasion, separated by three to four days of rest, in order to assess the test-retest 221 

reliability of the BHT F-V-P test.  222 

Figure 2 about here 223 

Figure 3 about here 224 

 225 

Statistical Analyses 226 

All data are presented as means ± standard deviation (SD) and confidence interval 227 

(95%CI). The Shapiro-Wilk test was used to ensure normal distribution of the results. To reduce 228 

the overall numbers of comparisons, the average peak torques of both legs within the same 229 

muscle group, tested under the same velocity in the isokinetic device, were averaged to a single 230 

value. For example, the left and right peak concentric torques of the knee flexors tested at 231 
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180⁰_s-1 were averaged for the statistical analysis. The isokinetic intra-test outputs reliability and 232 

inter-day BHT F-V-P profile test-retest reliability were examined using the Coefficient of 233 

Variation (CV%) and Intra-Class Correlation Coefficient (ICC) with 95% CI, respectively. CV% 234 

values ≤ 10% were considered acceptable (2). Based on the 95% CI of the ICC estimate, values 235 

less than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90 were indicative 236 

of poor, moderate, good, and excellent agreements, respectively. The sensitivity of the 237 

mechanical outputs obtained from the BHT F-V-P profiles was assessed by comparing the 238 

smallest worthwhile change (SWC) and standard error of measurement (SEM) with 95% CI. As 239 

a result, variables were considered sensitive if the SEM was less than or equal to SWC (40). 240 

Linear relationships among the isokinetic tests scores and the BHT mechanical outcomes were 241 

assessed using Pearson’s correlation coefficients. To avoid possible confounders, this procedure 242 

was followed only in cases in which the left to right torques ratio was >10% as measured with 243 

the isokinetic tests. The 10% cut off was decided upon in view of literature suggesting that 244 

musculoskeletal abnormalities occur at the 10% strength asymmetry mark (14) as well as a 245 

greater risk of suffering from injuries (47). The qualitative magnitude of associations was 246 

reported according to Hopkins et al., (26) with thresholds of 0.1, 0.3, 0.5, 0.7 and 0.9 for small, 247 

moderate, large, very large and extremely large correlations. The level for statistical significance 248 

was set at P < 0.05. Statistical analysis was performed using Jamovi statistics software (Version 249 

0.8).  250 

 251 

RESULTS 252 

Forty-nine athletes completed the study’s requirements. One athlete was excluded from 253 

the analysis due to a between leg difference > 10% in the isokinetic testing scores. Excellent 254 
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agreements between the test and retest trials of the BHT F-V-P profile were found with the ICCs 255 

ranging between 0.94-0.99, and 0.97-0.99 for the PFpeak and PPpeak measures, respectively (see 256 

figure 4). The CVs% of the isokinetic tests, the PFpeak and PPpeak measures ranged between 3.76-257 

4.45%, 1.22-1.99% and 0.81-1.64%, respectively, indicating high intra-test reliability. SEM 95% 258 

CI of the PFpeak and PPpeak scores, expressed as percentage changes (%), ranged between 0.33-259 

0.42 N_kg-1 and 0.29-0.38 W_kg-1, respectively. SWC of the PFpeak and PPpeak scores were 0.5 260 

N_kg-1 and 0.65 W_kg-1, respectively, indicating a good confidence about the sensitivity of these 261 

measures. The correlations between the isokinetic testing scores and the BHT F-V-P profile 262 

mechanical outcomes computed by Pearson`s correlation coefficient showed moderate to large 263 

correlations as shown in Figure 5.  264 

 265 

Figure 4 about here 266 

Figure 5 about here 267 

DISCUSSION  268 

The goals of this study were to establish the test-rest reliability and of a newly developed 269 

performance test that quantifies the mechanical outputs of the BHT exercise as well as to 270 

examine if performance in the BHT exercise correlates with performance measured with the 271 

Isokinetic device among trained athletes. Very high test-retest correlations were detected 272 

between days in both the BHT PFpeak and PPpeak scores (Figure 4). Further, performance in the 273 

BHT showed moderate to strong correlations with peak concentric torques of IKF and IHE, 274 

respectively (Figure 5). As such, PFpeak and PPpeak scores measured with the BHT can be 275 

considered as reliable and associated with performance in commonly used exercise tests.  276 



13 
 

 
 

In view of the growing research and applied interest in the BHT exercise, examining the 277 

exercise utility as a performance test by establishing the reliability and correlations with 278 

commonly implemented exercises were two important initial attainments. Having an 279 

appreciation of day-to-day performance variability is of value. It allows scientist and coaches to 280 

assess performance outcomes in a more sensitive and accurate manner. The test-retest results in 281 

this study are encouraging (Figure 4) also considering that the SWCs scores of both PFpeak and 282 

PPpeak were consistently greater than the noise or uncertainty as measured by the SEM. This 283 

reasonably suggests that SWCs of the mechanical measures in BHT performance can be easily 284 

detected and potentially reflect a real change rather than random fluctuations. This result may 285 

partly be explained by the relative ease of completing the exercise, and the reduced degrees of 286 

horizontal movement of the barbell. In addition, the athletes` experience with the BHT exercise 287 

and testing procedures may have contributed in reducing the error in the test.  288 

The moderate to strong correlations between the BHT and performance in the isokinetic 289 

device is also a finding with practical value. In situations where athletes do not have access to an 290 

isokinetic device for testing purposes, the BHT F-V-P could serve as a tentative substitute. 291 

Moderate to large relationships (r range: 0.68-0.86) were found between hip-extensors torques, 292 

as measured with the isokinetic device, and BHT performances. This outcome is similar to other 293 

studies examining the relationships between isokinetic hip extensor torques and jump and sprint 294 

performances in professional male handball, soccer and rugby players (20, 21, 24, 43). Only 295 

moderate correlations were observed (r range: 0.45-0.64) between isokinetic knee-flexors torques 296 

and BHT performance. This finding is not surprising when considering that the knee-flexors are 297 

at a state of active insufficiency reducing their ability to produce forces (5). Since the knee-298 

flexors are at a shortened length and primarily contract through a shorter range (29) as prime 299 
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movers for hip extension and stabilizers of the knee joint during the BHT, other performance 300 

tests that involve concentric and eccentric contractions are better suited to test the knee-flexors 301 

than the BHT. The force production insufficiency in the knee flexor muscles can assist 302 

explaining the weaker correlations between the isokinetic tests and BHT mechanical measures 303 

compared to the hip muscles.  304 

The BHT F-V-P is a relatively time efficient test that can easily assess important physical 305 

qualities with only a few test attempts. In this study, the athletes completed the required trials for 306 

creating their BHT neuromuscular profiles and the associated F-V-P relationships in less than 15 307 

min. While this time period is longer compared to other performance tests that may take a few 308 

minutes to complete, such as the Isometric-mid-thigh-pull and Isometric squats, the BHT F-V-P 309 

provides a large amount of applied and actionable information concerning the hip extensors 310 

muscle groups. It is thus our view that the BHT F-V-P is a worthwhile performance test, 311 

especially among athletes who require powerful hip extensors, such as sprinters. The BHT F-V-P 312 

can be used to determine the optimal individual load which can be used for BHT-based traning 313 

protocols aiming to enhance performance. The importance of using individualized monitoring 314 

and training methods according to an indivual athlete`s neuromuscular profile has received great 315 

interest and support in the recent years (33, 37). The simple diagnostic procedures and 316 

subsequent individualized training interventions, make this approach preferable to the common 317 

approaches that use percentages of 1RM (38). By considering the F-V-P and targeting optimum 318 

training zones (37), it is possible to limit nonfunctional overloading and to pursue optimal 319 

training outcomes (33, 36, 37). Moreover, besides the practical uses for long-term monitoring 320 

and training processes, the F-V-P approach can be implemented in injury prevention and 321 

rehabilitation processes (36). Immediate or even real-time diagnostic and training information 322 
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can enhance decision-making processes regarding the training and/or rehabilitation strategies 323 

(36).  324 

There are a number of limitations concerning the generalizability and practicality of this 325 

study worthy of discussion. First, our procedures employed an "endpoint" approach, where we 326 

examined the mechanics of an "endpoint", in this case the smith-machine barbell, to profile the 327 

exercise performance without factoring the amount of body mass lifted for the mechanics 328 

calculation. Although we recognize that the total system mass model appears to be more 329 

appropriate to describe mechanical responses the BHT exercise, this point was not the central 330 

question of the experiment. We recognize the importance of this evidence, but the reason for not 331 

including the athletes’ body mass in barbell assessments performed with LPT is related to 332 

training purposes. By measuring the bar mechanical outputs without including the individual’s 333 

body mass when working with LPT allows strength coaches and sport scientists to immediately 334 

and adequately determine ranges of loads able to target certain mechanical goals (31). 335 

Nevertheless, a full biomechanical analysis, performed in a laboratory setting, implementing 336 

both measuring kinetic responses associated to the hip-thrust exercise and investigating the 337 

multi-joint kinematical strategy, may provide complete insights about the mechanical profile of 338 

the hip-thrust exercise.  339 

In this regard, we suggest using a beam with internal hinge model for the mechanical 340 

analysis of the BHT exercise. The thigh and trunk anatomical segments can be considered as the 341 

two portions of the beam, and their masses should be considered for determining the total system 342 

mass lifted (the external load + thigh mass + trunk mass), and for accurately computing the 343 

mechanical calculations. While the thigh mass could be fully added to the calculation, the lifted 344 

trunk mass is only partial and highly variable upon the position of the subjects and how he/she 345 
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lies on the edge of the bench. In this context, it would be necessary to firstly determine the center 346 

of trunk-mass position by using a time-consuming motion analysis procedure, and then calculate 347 

its relative mass to be added to the mechanical calculation. This long procedure is unlikely 348 

practical and impossible to be used in field-based scenarios.  349 

Second, the results can mainly be generalized to 1) male athletes 2) who are experienced 350 

with the BHT exercise (~2 years) 3) as completed with a smith machine. The large correlations 351 

observed in this study are likely to be a product of the interaction between the mentioned above 352 

facts, and as such, should be interpreted with a degree of caution. Performing the BHT on a 353 

smith machine allows for a more accurate measurement of F-V-P due to the elimination of 354 

horizontal movement of the barbell. This could also partly assist explaining the observed high 355 

test-retest reliability in this study which would have likely been lower if a free-weight barbell 356 

was used instead. However, from a practical and logistical perspective, smith machines are 357 

relatively expensive and space consuming turning them into a less feasible option for team sports 358 

with limited budgets and space. The linear encoder, while is not space consuming, may be a 359 

financial hurdle for some, although with emerging technologies prices are expected to become 360 

more and more affordable. In light of these limitations, future research concerning the BHT 361 

would benefit from testing other populations (females, and less trained and experienced athletes), 362 

comparing the reliability results of the smith machine to free-weight barbells, and quantifying the 363 

relationship of the BHT with other outcome measures, such as jumping and agility tests.  364 

Coaches and exercise scientists now have access to a working range of test-retest scores of BHT 365 

F-V-P exercise of trained athletes. These values provide initial guidelines allowing coaches to 366 

better understand what variability can be considered a real change in comparison to random 367 

performance fluctuations. The moderate to strong correlations between the BHT F-V-P and the 368 
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isokinetic performance points to the possibility that the BHT F-V-P can be used as a tentative 369 

substitute to isokinetic machine as a training intervention and/or as an episodic test which mainly 370 

targets the hip extensors. Thus, the BHT F-V-P can be used as a performance test which 371 

emphasis the hip extensors alongside other useful tests that have been regularly implemented in 372 

the S&C profession such as the isometric-mid-thigh pull and countermovement jump. By using a 373 

number of different tests emphasizing different muscle groups and movement patterns, a clearer 374 

and more detailed picture of the athletes need will emerge allowing for better and more specific 375 

designs of training interventions  376 

 377 

PRACTICAL APPLICATION  378 

The BHT F-V-P profile could be implemented by practitioners as a reliable, simple and 379 

accessible method to assess, train and monitor athletes, especially those that require strong hip 380 

extensors such as sprinters. This approach could help creating the neuromuscular profiles and the 381 

force-velocity-power relationships of individual athletes thus detecting eventual strength and 382 

weaknesses. This information can then be used to design effective training interventions. The 383 

findings of this study are in accordance with the calls (12) for sport science to investigate 384 

valuable, simpler and timesaving methods to bridge the gap between the science and field 385 

practice.    386 
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 539 

FIGURE LEGENDS 540 

 541 

Figure 1. Start and end position of the isokinetic hip extension exercise 542 

 543 

Figure 2. Start and end position of the BHT exercise  544 

 545 

Figure 3. Plot of the load-force-power outcomes of the BHT exercise. Note: The plot refers to a 546 

subject with a mass of 89 kg who performed 8 consecutive trials with incremental loads. The 547 

plots highlights: Peak force value equal to 28.1 N/kg (black circle), Peak power value equal to 548 

2816 W/kg (black circle) and the corresponding optimum load of 120 kg (dot arrow). 549 

 550 

Figure 4. Individual data points of peak force and power as measured with the BHT F-V-P 551 

across the two testing days. Error bars represent 95% CI and the midline represents the mean. 552 

 553 

Figure 5. Illustrates the correlation between the isokinetic testing scores and the BHT F-V-P 554 

profile mechanical outcomes. Individual data points are presented as well as linear regression 555 
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line with 95% CI around it for visual illustration purposes rather than inferential ones. Each 556 

graph includes the Pearson’s r, p-value and 95% CI. 557 
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