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Abstract  19 
 20 

How do I know if an athlete’s power output would be best enhanced by increasing their force or 21 

velocity capabilities? How do I know if an athlete would benefit most from increasing their peak force 22 

or their rate of force development (RFD)? These are two questions strength and conditioning (S&C) 23 

professionals will ponder when planning strength training to support athletic performance.  The 24 

dynamic strength index (DSI) has been proposed as a diagnostic approach to help answer such 25 

questions.  This article discusses the suitability of both the denominator (isometric peak force) and 26 

numerator (jump peak force) metrics, and the DSI ratio itself, to inform programming decisions.  27 

Drawing on biomechanical principles and research exploring the physiology of condition-specific 28 

strength, we outline its disputable underpinnings. Accordingly, alternative diagnostic tools are 29 

proposed.  Together with an understanding of the specific constraints on force production within 30 

target sporting actions, these will in turn, help practitioners make the most informed decision on the 31 

best strength training approach to enhance their athletes’ physical performance.    32 
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Introduction  33 

 34 

The ability to produce and attenuate force at various magnitudes and velocities is critical for 35 

maximizing sports performance (59). Most sporting actions rely on an ability to express force in a 36 

limited time frame, with ground contact times reported to be < 100 ms during the stance phase of 37 

near maximal sprint running (9,73), and 120-300 ms during early accelerative sprint running, cutting 38 

and jumping (1,33,56,67,73). Furthermore, the ability to rapidly re-stabilize joints following 39 

mechanical perturbation is essential to prevent joint injuries, given anterior cruciate ligament ruptures 40 

have been shown to occur within the first 50 ms of ground contact (25,41). Therefore, an athlete’s 41 

rate of force development (RFD) is of high importance for both athletic performance and injury risk 42 

mitigation (37,38).   43 

 44 

Additionally, many sporting actions also rely on an ability to produce force at high movement 45 

velocities and contraction speeds. For instance, hip and knee velocities during sprint running have 46 

been reported in the region of 426-660 rads/s, respectively (58). Thus, both RFD and an ability to 47 

produce force at high muscle shortening velocities are of great relevance to athletic performance. 48 

Further to this, the peak force an athlete can achieve (i.e. their maximum strength) is also important 49 

since this sets the upper limit to which RFD scales to (30), and will influence the full spectrum of the 50 

force-velocity continuum (52). Accordingly, the following are two prominent questions strength and 51 

conditioning (S&C) professionals will ponder when planning strength training to support athletic 52 

performance: 53 

 54 

1. How do I know if an athlete’s power output would be best enhanced through increasing their 55 

force or velocity capabilities? 56 

 57 

2. How do I know if an athlete would benefit most from increasing their peak force or their RFD?  58 

 59 

To maximise comprehension of this article, a table of working definitions are provided in Table 1.  60 

These definitions are important as they help us to delineate the mechanical determinants of force 61 

expression under varying constraints, which in turn, helps practitioners understand the true meaning 62 

of various assessment data. For example, although inter-related, available time-frame and movement 63 

(muscle fascicle shortening) velocity pose different constraints on force production. In other words, 64 

they present different conditions which, to borrow Zatsiorsky’s (74) term, influence an athlete’s 65 

‘strength potential’ in different ways. Force expression in some actions (e.g. those involving 66 

overcoming inertia via a build-up of force from net zero within a limited time-window) will be more 67 

constrained by relative force/RFD (e.g., SJ), while others (e.g. those where there is a pre-existing level 68 

of force already built-up or where the limb is already moving at an angular velocity high enough to 69 

compromise further force production) will be more constrained by the force-velocity relationship 70 

(e.g., CMJ).   71 

 72 

 73 

*** Insert Table 1 about here *** 74 

 75 

 76 
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It has been suggested that an athlete’s strength training history is likely a major factor in determining 77 

whether pursuing maximal strength, fast dynamic strength, or RFD would be most beneficial (64).  This 78 

makes sense considering athlete’s with greater strength training histories will typically have greater 79 

relative force capabilities, which determines acceleration and resultant velocity in locomotive tasks.  80 

However, further strength diagnostics have been proposed to address these questions with greater 81 

rigour (57,61). The Dynamic Strength Index (DSI), in particular, compares an athlete’s peak force within 82 

a dynamic condition (i.e. a jump), with their peak force achieved in an isometric condition (i.e. 83 

isometric mid-thigh pull [IMTP]). For example, if an athlete produced a peak force of 1500 Newtons 84 

(N) in the jump and 2500 N in an isometric task, the resultant DSI (1500 ÷ 2500) would be 0.60. Based 85 

on the original study using 18 male and female athletes conducted by Sheppard et al. (57), it has more 86 

recently been suggested that those with a DSI < 0.6 should focus on ballistic strength training whereas 87 

those with a ratio > 0.8 should focus on maximal strength training (62).  88 

 89 

However, it is important to note the original authors acknowledged the limitations of the ratio (57), 90 

outlining that athletes with low relative strength would likely gain most from developing this, 91 

irrespective of the ratio value. Table 2 exemplifies why the ratio should always be interpreted in 92 

context. For instance, peak force is low in athlete C, despite the ballistic training indication and high 93 

in athlete D, despite the heavy strength training indication. This highlights how consideration of the 94 

component parts is necessary to ensure assumptions of the ratio data are not misleading, which has 95 

been suggested in a recent editorial (10).  96 

 97 

 98 

*** Insert Table 2 about here *** 99 

 100 

 101 

Both the IMTP and isometric squat can be used to obtain an athlete’s maximal force generating 102 

capacity, although they shouldn’t be used interchangeably in practice due to higher peak forces 103 

typically attained in the isometric squat (17,19). Notwithstanding, the IMTP will be referred to for the 104 

remainder of this article, given it seems to be more commonly utilized in DSI research studies (19,39). 105 

The dynamic component is usually represented by either a squat jump (SJ) or a countermovement 106 

jump (CMJ), and dependably yields a lower peak force than the isometric condition.   107 

 108 

The aim of this article is to critique the DSI as a diagnostic tool used to determine: a) whether an 109 

athlete’s power output would be best enhanced through increasing their force or velocity capabilities, 110 

and b) whether increasing their peak force or their RFD would have most benefit. In other words, can 111 

the DSI inform whether pursuing maximal strength, fast dynamic strength or RFD would be most 112 

beneficial to maximise an athlete’s strength potential for given task conditions. Since we highlight 113 

issues with the efficacy of the DSI, alternative tools are then proposed in the practical applications 114 

section. These should assist practitioners in choosing more valid protocols to guide decision-making 115 

on the specific strength qualities lacking in athletes, in the context of the conditions imposed by their 116 

sporting actions.   117 

 118 

Does jump peak force reflect an athlete’s fast dynamic strength capability?  119 

 120 
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As discussed in the introduction, the test typically used to represent the dynamic component of the 121 

DSI is a SJ or a CMJ; therefore, both need to be considered when addressing this question. The SJ push-122 

off is initiated from a fixed static starting position, meaning the athlete is at net force zero at the start 123 

of the propulsive phase.  This static start means the average propulsive velocity is not as high as in a 124 

CMJ (27), where force will be much higher at the start of the push-off to counteract the downward 125 

acceleration of the athlete’s mass (70) (Figure 1).  126 

 127 

 128 

*** Insert Figure 1 about here *** 129 

 130 

 131 

So, does the ability to achieve a higher peak force in either the SJ or CMJ reflect superior fast dynamic 132 

strength? Firstly, it is clear that peak force does not directly equate to ballistic capability (e.g. how 133 

high an athlete jumps), as it does not irrefutably explain take-off velocity in the same way as net 134 

impulse relative to body mass (44) – which is what underpins how high an athlete jumps (5,51). Peak 135 

force and jump height may even be at odds as both variables are confounded by displacement. This is 136 

demonstrated in Figure 2 which compares the force-time, and displacement-time traces of two CMJ’s. 137 

The CMJ displacement-time trace shows a greater displacement (area under the curve) in CMJ-B which 138 

as reflected in the force-time trace, results in a greater net impulse (effective work) despite a lower 139 

peak force. This explains why mean force (SJ: 1560.37 ± 210.18 vs. CMJ: 1186.08 ± 132.69) and peak 140 

force (SJ: 2103.19 ± 378.04 vs. CMJ: 2069.82 ± 258.59) can be higher than in the SJ, despite significantly 141 

lower jump heights (27). Therefore, while jump performance outcome metrics such as jump height, 142 

take-off velocity or impulse will reflect fast dynamic strength capabilities, peak force in isolation does 143 

not. Research undertaken by Suchomel et al. (60) supports this conclusion as they found weak 144 

correlations between jump peak force and the DSI (r = 0.297 in males and r = 0.313 in females, 145 

respectively), while IMTP peak force and the DSI was strongly related (r = 0.848 in males and r = 0.746 146 

in females, respectively). This suggests jump peak force may be somewhat superfluous and it is the 147 

IMTP peak force which has most bearing on the resultant DSI ratio.   148 

 149 

 150 

*** Insert Figure 2 about here *** 151 

 152 

 153 

Does the DSI ratio inform whether maximal or fast dynamic strength should be emphasised?  154 

 155 

As mentioned within the introduction, maximal strength, or the peak force an athlete is able to 156 

achieve, is likely to influence the full spectrum of the force-velocity continuum (52).  Indeed, there is 157 

evidence that maximal strength training will serve to improve power output across the entire 158 

continuum by shifting the whole force-velocity curve to the right (20,21,22,42).  However, as the target 159 

sporting action(s) move closer to the velocity-end of this continuum, the less influence maximal 160 

strength training is likely to have on power output in that task and the more important it becomes to 161 

pursue distinct, speed-related training adaptations (i.e. maximal muscle fibre shortening velocity, and 162 

task-specific coordination). This is the reason why S&C coaches often ponder whether the training 163 

emphasis should be on increasing peak force or fast dynamic strength, particularly in athletes with 164 

substantial strength training histories. The training status of the individual is important because of the 165 
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host of adaptations that increase strength, there are a number which will have a negative effect on 166 

the velocity end of the force-velocity continuum.  These include muscle fibre transformation from type 167 

IIX to type IIA (4) and hypertrophic changes which increase the muscle’s internal moment arm (48).  168 

However, in weak individuals, other adaptations which shift the entire force-velocity continuum to 169 

the right, such as favourable alterations in motor unit recruitment and increases in muscle volume, 170 

may outweigh the negative effects of the aforementioned force orientated adaptations.      171 

 172 

Overlooking the fact we have established jump peak force is not the best reflection of fast dynamic 173 

strength (as per our definition in Table 2), the DSI is proposed to guide the S&C coach towards the 174 

best training strategy.  However, the aforementioned limitations of CMJ jump peak force as a metric 175 

is a threat to the premise of the ‘dynamic strength deficit’, as the peak force exhibited will depend on 176 

their jump strategy (e.g., countermovement depth, etc.) (49).  This makes the generalized 177 

interpretation guidelines (> 0.80 = heavy resistance training; < 0.60 = ballistic training) inherently 178 

flawed. With regards to the SJ, the fixed starting position helps matters somewhat by constraining the 179 

athlete’s strategy, but to strictly control for displacement one would also have to account for 180 

differences in vertical push-off distance as a result of an athlete’s anthropometrics. Notwithstanding, 181 

for this reason the SJ likely offers more value to track or observe change in an individual.   182 

 183 

Researchers have previously hypothesised an association between an athlete’s DSI and the slope of 184 

their force-velocity continuum (53,60).  However, one cannot reliably make inferences about an 185 

athlete’s force-velocity orientation because in order to determine this relationship, one variable (force 186 

or velocity) must be controlled while the other is manipulated (15). Clearly, this is not the case in the 187 

DSI.  Rather, peak force attained in the jump essentially reflects their ability to produce force at the 188 

specific aspect of the force-velocity curve which is afforded by their jumping ability. This may partly 189 

explain why Scheller et al (55) found negligible associations between the DSI ratio and the slope of the 190 

force-velocity profile (r2 = 0.01), together with the biomechanical differences between the jumping 191 

and IMTP tasks. From this perspective, the DSI ratio is a not a discerning metric to evaluate an athlete’s 192 

force-velocity orientation.  However, the IMTP component does offer the basic insight of unveiling the 193 

athlete’s maximal force ceiling/relative strength which may help identify at what point an increased 194 

focus on fast dynamic strength training is justified.     195 

 196 

Does jump peak force reflect an athlete’s RFD capabilities?  197 

 198 

To the authors’ knowledge, and somewhat surprisingly, there is a scarcity of research exploring the 199 

relationship between peak force and RFD during jumping. McLellan et al. (45) reported a strong 200 

correlation at r = 0.63, suggesting RFD may account for ~40% of the variance (r2) in peak force. 201 

Although not exactly the same, Kawamori et al. (40) reported associations between CMJ peak force 202 

and peak RFD in mid-thigh clean pulls at a range of intensities (r = 0.52 at 120% intensity, r = 0.35 at 203 

90% intensity, r = 0.22 at 60% intensity, and r = 0.51 at 30% intensity). The lack of consistency in these 204 

findings is likely a consequence of the erratic and unreliable nature of RFD as a metric (18,46), together 205 

with the methodological differences in how RFD is calculated. For example. McLellan et al. (45) reports 206 

peak RFD calculated from the maximum force that occurred over the first derivative of the force-time 207 

curve and Kawamori et al. (40) reports peak RFD using a 0.002 ms moving time-window. Additionally, 208 

neither study clarified whether this was taken from the braking or propulsive phase, which are not 209 

comparable as peak force would occur earlier in the latter (65). Consequently, the different ways by 210 



6 

 

which RFD is calculated makes it challenging to gain any consistent insight into the relationship 211 

between vertical jump peak force and RFD.   212 

 213 

Given this complexity, it seems logical to revert to first principles. The first limitation we highlight has 214 

been discussed already in the context of dynamic strength – i.e. the metric is confounded by 215 

displacement or jump strategy. A practical way to infer dynamic RFD improvements (i.e. during a 216 

jump), would be to concurrently monitor the metric of ‘time to take-off’, in addition to the force or 217 

impulse from a jump. A reduction in time-to-take-off with no increase in force or impulse would then 218 

indicate the athlete is achieving the same outcome, in less time; therefore, RFD has likely improved.  219 

Clearly, without the metric of time to take-off, this inference is impossible. As was the case for dynamic 220 

strength, the jump type will have a large bearing on the relationship between jump peak force and 221 

RFD.  As previously discussed, the pre-existing high levels of force at the start of the propulsive phase 222 

in a CMJ reflect the fact the muscles have built up a high stimulation during the downward phase to 223 

create pre-tension in the musculotendinous unit. This affords greater joint moments over the early 224 

joint extension, and in turn, the ability to perform more work in the first part of the CMJ push-off 225 

phase (13,14). As a consequence of this, the need for a rapid rise in force at the start of the push-off 226 

phase is negated. Therefore, peak force from a CMJ is likely a poor reflection of an athlete’s RFD 227 

capabilities. In fact, it is viable that the peak force may occur at zero velocity, so the RFD during the 228 

propulsive phase of the jump may even be negative.  229 

 230 

On the other hand, peak force achieved in a SJ will somewhat reflect RFD capabilities, as it will directly 231 

influence the area under the force-time curve during the propulsive phase. However, it is worth noting 232 

that peak force typically occurs earlier (approximately 125-150 ms) in explosive concentric 233 

contractions because the high initial neuromuscular activation persists for longer than in other muscle 234 

activity types (65). This therefore, reduces the ‘impulse advantage’ of a greater RFD, as maximal 235 

strength (peak force) and specifically, the force that can be maintained at the specific aspect of the 236 

force-velocity curve, will have the greatest influence on the area under the force-time curve.   237 

Therefore, if using the SJ as the dynamic component of the DSI, one could theoretically infer some 238 

change in RFD within an athlete over time (assuming the IMTP peak force value remained stable), but 239 

this should be interpreted with caution as any improvements may be explained to a greater proportion 240 

by changes in the athlete’s force-velocity orientation (improved ability to produce greater force at the 241 

velocity-end).    242 

 243 

Does the DSI ratio inform whether peak force or RFD should be emphasised? 244 

 245 

From a contractile point of view, peak force and RFD are inextricably linked, as the latter will scale to 246 

the former (1,26,30). However, from a neural standpoint the two properties can be uncoupled 247 

(6,23,26,29).  Indeed, 300 Hz is required to drive a muscle to its maximal RFD (23), while maximal 248 

voluntary force is usually achieved at much lower frequencies (e.g., 30-50 Hz) (8).  Additionally, 249 

recruitment thresholds are lower in ballistic tasks such as jumping (23,26).  Therefore, on a neural 250 

level, training to enhance RFD would require different adaptations, and as such training approaches 251 

(e.g., increasing motor unit firing frequency at force onset via explosive/ballistic training) than aiming 252 

to develop maximal strength, via neural adaptations (e.g., increases in motor unit recruitment from 253 

high force training), at least in trained individuals  (29,66). This is the reason why S&C coaches often 254 

ponder whether the training emphasis should be on increasing peak force or RFD, particularly in 255 
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athletes with substantial strength training histories.  However, matters are complicated by the fact 256 

while maximal strength and RFD orientated training will induce different functional adaptations, there 257 

are also many shared physiological determinants (e.g. muscle size, muscle contractile properties and 258 

neuromuscular activation – particularly recruitment) (4,26,29,64). Ultimately, the relative influence of 259 

the distinct factors underpinning RFD vs. the shared determinants underpinning both RFD and 260 

maximal strength will depend on the duration and phase of contraction.     261 

 262 

Aside from the matter of specifying task conditions, can the DSI ratio help answer this question? 263 

Authors of a recent study hypothesised that the DSI ratio and a ratio obtained from a comparison of 264 

peak force vs. force at early epochs within an IMTP (referred to herein as relative RFD) embody similar 265 

constructs (49). However, within the component parts of the DSI, the early force time-point from 266 

contraction onset is not fixed, as the peak force in the jump will vary between individuals and thus, 267 

once again, make the interpretation guidelines non-generalisable.  Secondly, the time to take-off in a 268 

SJ and a CMJ has been reported at 415 ms and 448 ms, respectively (2). Granted, force production will 269 

be constrained by velocity here as well as time, but the contraction phase is still likely too long to have 270 

distinct determinants to the IMTP, as peak force has been found to explain 75% of the variance in 271 

explosive force by 100 ms and 90% by 150 ms (30).  Subsequently, this is somewhat of a meaningless 272 

relative RFD inference, as more divergent contraction phases would be needed to represent two force-273 

time points which represent distinct neuromuscular / mechanical capacities (28).   This issue would be 274 

compounded with the use of a CMJ as opposed to a SJ, as while the force at the start of the SJ will be 275 

equal to bodyweight (as long as executed correctly), the values will not be at net zero at the equivalent 276 

point in a CMJ (13,14).   277 

 278 

Therefore, to conclude, the DSI ratio is not a suitable metric to inform the practitioner whether the 279 

athlete would reap most benefit from RFD or maximal strength training emphasis.  However, as 280 

discussed previously, the peak force value taken alone may provide some insight as a high value is 281 

likely to reflect superior relative strength which once adequate may again justify a focus away from 282 

maximal strength, and towards RFD as well as fast dynamic strength.   283 

 284 

 285 

Practical Applications: Alternative Diagnostic Tools 286 

 287 

Determining Training Strategy: Maximal Strength vs. Fast Dynamic Strength Emphasis 288 

 289 

This article has highlighted that the DSI ratio and the associated guidelines are based on disputable 290 

concepts.  A simpler way to evaluate whether an athlete’s power output would be best enhanced 291 

through increasing their force or velocity capabilities, would be to run a load-velocity profile.  This has 292 

the advantage of plotting jump outcome metrics against an independently manipulated load, as 293 

opposed to a force value (used in the DSI) which is inextricably linked to velocity, and confounded by 294 

displacement.  This makes interpretation more straightforward.   Jump height (or take-off velocity) 295 

can be plotted across a spectrum of loading conditions (e.g., body mass (BM), BM+25%, BM+50%, 296 

BM+75%, BM+100%). An athlete who is relatively strong (but does not jump high) may be classified 297 

as velocity deficient, while an athlete who is relatively weak (but jumps high) may be classified as force 298 

deficient. The Bosco Index (16) previously applied the same method to just the two extreme loads 299 

(BW and BW+100%) with higher indexes associated with greater force orientations. Unlike peak force, 300 
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since external load / system mass will not be influenced by propulsive velocity (the athlete’s jumping 301 

capabilities), the data is more comparable between athletes.  302 

 303 

Despite these advantages of load-velocity profiling over the DSI, it is important we accept the profile 304 

as being task-specific. Indeed, there are movement specificities which will influence the relationship, 305 

such as inertia and inclination (52), meaning the most favourable load-velocity curve and associated 306 

load-specific coordination is unique to the sporting action (58,72). Additionally, due to the fact 307 

dynamic strength is exhibited when the limbs are already moving at high velocities, it is highly reliant 308 

on coordination and therefore, the neural adaptations responsible for improvements (motor unit 309 

firing frequency and synchronisation, antagonist coactivation, etc.) may not have benefit to different 310 

movements. This means unless the profile is conducted in the target task (e.g., acceleration load-311 

velocity profile for a 100 m sprinter) the data may lack construct validity. Finally, we must also 312 

acknowledge the possibility of measurement error when using linear position transducers (47). 313 

  314 

Determining Training Strategy: Maximal Strength or RFD? 315 

 316 

Having established that aside from the IMTP component unveiling an athlete’s maximal force ceiling, 317 

the DSI ratio is not a particularly valuable guide to answer this question.  As discussed, obtaining 318 

reliable RFD values can prove challenging (18,46), particularly when force onset identification is 319 

required (e.g. 0-100ms) (18). Therefore, an alternative, practitioner-friendly method to infer RFD may 320 

be to obtain force at specific time points from contraction onset (e.g. force at 100 ms, 200 ms, etc.) 321 

(35,64) and then scale this to the ultimate peak force (within the same isometric task), to infer how 322 

quickly the slope is rising (18, 64, 67) (referred to herein as relative RFD).  The evidence suggests using 323 

an epoch of ≤ 100 ms (6,12,18,23,26,67) as this represents a time-point post contraction-onset where 324 

RFD will have a substantial effect on the net impulse, and where the force value achieved will be 325 

dependent on factors distinct to maximal strength.  The earlier the epoch, the greater influence RFD 326 

is likely to have but reliability appears to suffer at early time-points (CV =20% at 50 ms) (18) during 327 

the IMTP, improving to acceptable CV values (6.5-11%) at 90 ms (31,32,46).  Based on this research, it 328 

is advisable to avoid taking force-time data much before the 100 ms time-point to inform practice 329 

(despite its theoretical value). Figure 3 shows a comparison of relative RFD data across three athletes.  330 

 331 

 332 

 333 

*** Insert Figure 3 about here *** 334 

 335 

 336 

More research is needed to establish normative data for relative RFD to enable the practitioner to 337 

infer an RFD deficit with confidence. Indeed, the threshold for what is considered a ‘deficit’ may 338 

depend on the athlete’s sport and of course demographics such as age and gender. Table 3 339 

summarises relative RFD values from five studies reporting both peak force and force at between 90-340 

100 ms in the IMTP, with mean values ranging from 43-58%. Beckham et al. (7) reported individual 341 

subject data from 12 weightlifters, with a range of relative RFD from 31-57%. Based on the existing 342 

evidence it appears 50% would be a good general benchmark to aim for. However, sport-specific data 343 

should ideally be obtained and practitioners are encouraged to establish their own norms over time, 344 

and monitor meaningful change on an individual basis.     345 
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 346 

 347 

 348 

*** Insert Table 3 about here *** 349 

 350 

 351 

Although the aforementioned reliability challenges are not abolished at 100 ms, should relative RFD 352 

have clear value as a programming tool, practitioners are encouraged to overcome this by using 353 

multiple trials on different days to rigorously check between-day variability, enabling some level of 354 

confidence as to what the true ‘noise’ is for such early force-time windows (68).  355 

 356 

 357 

Logic-Led Approaches 358 

 359 

Should a representative load-velocity profile not be feasible, and relative RFD not be particularly 360 

relevant to the target sporting action, we are left with logic-led approaches. For instance, as long as 361 

adequate group-specific data has been accumulated, the orientation of training focus according to an 362 

athlete’s strengths and weaknesses could even be gleaned without ratio data, which carries inherent 363 

drawbacks (9). This would simply involve contrasting whatever assessments have been chosen (based 364 

on being most relevant to the sporting actions) to gauge force and velocity or ballistic capabilities.  For 365 

example, CMJ positive impulse and IMTP have regularly been used to classify athletes according to 366 

these orientations within golf (11,71). The authors appreciate this does not precisely denote an 367 

athlete’s force-velocity orientation, but it has been suggested that from the available evidence, 368 

directing training to rectify a theoretical force-velocity imbalance should come second to simply 369 

addressing both force and velocity ends of the curve to enhance power (42). Similarly, through simple 370 

regression analysis, practitioners can observe up to what point increases in maximal strength (i.e. peak 371 

force) influence ballistic performance (i.e. jump height or impulse). In turn, when transfer of benefits 372 

seemingly starts to diminish, one could assume an increased focus on ballistic training is justified. 373 

 374 

With all these alternative options in mind, Table 4 outlines alternative tools that could be used to 375 

answer the two questions posed at the start of this article.  Ultimately, it is undeniable that all strength 376 

assessments have a degree of task-specificity, so practitioners are advised to make every effort to 377 

precisely specify the conditions surrounding force production within their athletes’ sport, before 378 

determining which metrics and associated ratio data are valid. RFD is likely to be highly reliant on 379 

maximal strength in tasks with larger time-windows (i.e., > 150 ms), such as jumping and high angle 380 

(i.e., > 60 degrees) changes of direction running. However, maximal strength will be less influential in 381 

tasks with very short time-frames (i.e., < 100 ms) such as maximal sprint running, which will have a 382 

greater reliance on neuromuscular activation and raw (speed-related) contractile properties. 383 

Moreover, fast dynamic strength will be more relevant for sporting actions that utilise non-contractile 384 

tissues to generate and preserve energy (maximal sprint running). Therefore, understanding both the 385 

temporal and mechanical factors in the target task is fundamental to making the most informed 386 

decision on where to focus an athlete’s strength training program.  387 

 388 

 389 

*** Insert Table 4 about here *** 390 



10 

 

 391 

 392 

Conclusion 393 

 394 

The numerator metric of jump peak force creates significant drawbacks to the DSI as a diagnostic tool.  395 

Whereas jump height reflects fast dynamic strength capabilities, SJ or CMJ jump peak force in isolation 396 

does not.  SJ peak force has advantages for observing within-athlete changes in RFD capabilities over 397 

time, but this will still only explain a portion of any change.  The generalised interpretation guidelines 398 

attached to the DSI ratio, are highly disputable, as jump peak force will be dependent on individual 399 

jump strategy (CMJ) or confounded by anthropometric factors (SJ). The DSI ratio does not reflect an 400 

athlete’s force-velocity orientation and there are more efficacious diagnostic tools for informing 401 

strength training strategy.  Although maximal strength, fast dynamic strength and RFD have some 402 

shared determinants, the task conditions constraining force production will determine the relative 403 

importance and reliance on each. It remains advisable to consider an athletes’ maximal force ceiling 404 

as a starting point to forming a strength training strategy, as this is likely to determine the need for 405 

more sophisticated diagnostics. Any further diagnostics should investigate fast dynamic strength and 406 

RFD capabilities separately, as suggested in recent empirical studies (49,60), as these represent 407 

somewhat distinct/condition-specific qualities. 408 
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Table 1. Operational definitions of commonly used terminology in the literature. 

 

Terminology Operational Definition 

Fast Dynamic Strength The ability to sustain repeated application of force despite high and/or 

increasing movement velocity.  Recognised practically as superior 

ballistic performance, (e.g. a vertical jump) or an ability to move at high 

velocity against low-moderate resistance (e.g. sprint cyclist turn over at 

maximum velocity) 

Rate of Force 

Development (RFD) 

The ability to increase muscular force rapidly from a low or resting 

level (also known as RFD).  Practically recognised as an ability to 

produce a ‘burst-like’ contraction to overcome inertia and rapidly 

accelerate an external mass (e.g. head kick in taekwondo) 

Dynamic Strength 

Deficit 

A DSI ratio of < 0.6, suggested by Shepperd et al. (57) to indicate a 

need to shift strength training emphasis towards ballistic methods.  

Rate of Force 

Development Deficit 

(RFD Deficit) 

An inability to produce force within a limited time-window following 

contraction onset, or increase force within a limited-time window from 

a low level, relative to a peak force ceiling (also known as relative RFD)   
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Table 2. Hypothetical DSI calculations.   

 

Test / Metric Athlete A  Athlete B  Athlete C Athlete D 

Jump Peak Force (N) 1700 1500 950 2600 

IMTP Peak Force (N) 2750 1800 2200 3200 

DSI Ratio 0.62 0.83 0.43 0.81 

Categorisation   Low High Low High 

Training Indication Ballistic  Max Strength *Ballistic *Max Strength 

Note 1: Consideration of the component values may influence assumptions made from the ratio 

data in Athletes C and D. Specifically, peak force is low in Athlete C, despite the ballistic training 

indication and high in Athlete D, despite the maximal strength training indication.  
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Table 3. Normative data for relative rate of force development (RFD).  

 

Authors Subject Demographic Relative RFD (%) 

West et al. (72) 39 rugby league players  46% 

Guppy et al. (31) 14 recreational weightlifters 51%* 

Guppy et al. (32) 17 strength & power athletes  43/44%* 

Beckham et al. (7) 12 weightlifters of ranging levels 48% 

Lum et al. (43) 28 endurance runners 55% 

Note: *Force obtained from 90 ms time-point as opposed to 100 ms.  
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Table 4. Alternative strength diagnostic methods to inform strength training strategy 

 

 

Question / Specific Insight 

 

Suggested Diagnostic Tool 

 

 

Limitations 

How do I know if an athlete’s power 

output would be best enhanced 

through increasing their force or 

velocity capabilities? 

Load-Velocity Profiling: Velocity obtained at an 

independently manipulated load - Relative ability to 

produce force from low velocities (high loads) to 

high velocities (low loads) 

Task-Specific  

 
Possibility of measurement error 

when using linear position 
transducers  

 
Essential to consider that jump 

strategy may also change (unless 
using a squat jump on a Smith 

machine, which limits transference) 

How do I know if an athlete would 

benefit most from increasing their 

peak force or their RFD?  

 

Relative RFD Assessment (Isometric force @100 ms 

/ PF): Ability to produce force within a limited time-

window (i.e. rate of force development) in relation 

to a peak force ceiling 

Construct validity - Initial RFD may 

not be relevant to many sporting 

actions 

Note: RFD = rate of force development; Isometric F@100ms/PF = ratio of force taken at 100 ms vs. peak force during an isometric 

task, such as an isometric mid-thigh pull.  
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Figure 1. A comparison of vertical ground reaction forces for the countermovement jump (A) and squat jump (B).  
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Figure 2. Force-time and displacement-time trace comparison for two countermovement jumps.  
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Figure 3. Example data showing a between-athlete comparison for peak force and force at 100 and 300 ms time points Note: “F100:PF” and “F300:PF” are 

expressing the force at these time points as a percentage, relative to the peak force value.   

 

 


