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Abstract 27 

Background: Compared with visual torque-onset-detection (TOD), threshold-based TOD 28 

produce onset bias, which increases with lower torques or rates of torque development (RTD). 29 

Purpose: To compare the effects of differential TOD-bias on common contractile parameters in 30 

two torque-disparate groups. Methods: Fifteen boys and 12 men performed maximal, explosive, 31 

isometric knee-extensions. Torque and EMG were recorded for each contraction. Best 32 

contractions were selected by peak torque (MVC) and peak RTD. Visual-TOD-based torque-time 33 

traces, electromechanical delays (EMD), and times to peak RTD (tRTD) were compared with 34 

corresponding data derived from fixed 4-Nm- and relative 5%MVC-thresholds. Results: The 35 

5%MVC TOD-biases were similar for boys and men, but the corresponding 4-Nm-based biases 36 

were markedly different (40.3±14.1 vs. 18.4±7.1 ms, respectively; p<0.001). Boys‒men EMD 37 

differences were most affected, increasing from 5.0 ms (visual) to 26.9 ms (4 Nm; p<0.01). Men’s 38 

visually-based torque kinetics tended to be faster than the boys’ (NS), but the 4-Nm-based 39 

kinetics erroneously depicted the boys as being much faster to any given %MVC (p<0.001). 40 

Conclusions: When comparing contractile properties of dissimilar groups, e.g., children vs. 41 

adults, threshold-based TOD methods can misrepresent reality and lead to erroneous conclusions. 42 

Relative-thresholds (e.g., 5% MVC) still introduce error, but group-comparisons are not 43 

confounded. 44 

Key words:  EMD; RTD; RFD; Torque kinetics; Onset bias; Children  45 
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Abbreviations 46 

ANOVA –  Analysis of variance 47 

EMG – Electromyography 48 

EMD – Electro-mechanical delay 49 

HSD ‒ Honest significant difference 50 

MVC – Maximal voluntary contraction 51 

RFD – Rate of force development 52 

RTD – Rate of torque development 53 

RTDpk – Peak rate of torque development 54 

TOD – Torque-onset determination 55 

Tq – Torque 56 

tRTD – Time to peak rate of torque development 57 
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Introduction 66 

The capacity to rapidly generate force, or torque (Tq), is widely recognized as vital to 67 

important aspects of physical performance and health (de Ruiter et al. 2006; Domire et al. 2011; 68 

Krosshaug et al. 2007; Tillin et al. 2010; Tillin et al. 2013a). In studying rapid force or Tq 69 

generation, detecting the onset is central to the quantification of the timing, coordination, and 70 

kinetics of muscular contractions.  71 

Visual (‘manual’) inspection of Tq traces is widely regarded to as the ‘Gold Standard’ of Tq-72 

onset detection (TOD; e.g., (Tillin et al. 2010)). Although subjectivity (e.g., (Staude and Wolf 73 

1999) and lower reliability (Thompson et al. 2012) have been pointed out as possible drawbacks 74 

of visual TOD, the magnitude of the associated errors is typically very small. Tillin et al. (Tillin et 75 

al. 2013b) reported both intra- and inter-observer visual TOD variability of  less than 2 ms. Thus, 76 

the chief drawback of visual TOD is the high time investment required when large numbers of 77 

contractions must be analysed. 78 

 Consequently, automated, computer-based methods have been introduced to expedite 79 

TOD. The most ubiquitous has been the threshold approach, designed to overcome signal/baseline 80 

noise. Most methods use a threshold Tq level just high enough to clear the highest noise level in 81 

the trace’s baseline. Typically, such thresholds are defined as a certain absolute Tq value (e.g., 82 

(Asai and Aoki 1996)), a set number of standard deviations of baseline noise (e.g., (de Ruiter et 83 

al. 2004; de Ruiter et al. 2006)), or a percentage of peak Tq (Tqpk) (e.g., (Aagaard et al. 2002; 84 

Andersen and Aagaard 2006)). Tq onset is then determined as the first Tq data point to emerge 85 

above that threshold (Figure 1). However, while fast and unquestionably-objective, such methods 86 

are subject to considerable systematic bias. Threshold-determined onsets always occur later than 87 

the actual ones (Figure 1) and the resulting biases typically range from ~20 ms (Pain 2003) to as 88 
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much as ~330 ms (Soda et al. 2010). Even the smaller biases can have far-reaching consequences 89 

for interpreting the initial stages of Tq development (de Ruiter et al. 2006; Domire et al. 2011; 90 

Krosshaug et al. 2007; Tillin et al. 2010; Tillin et al. 2013a). Most obvious would be systematic 91 

lengthening of the derived electro-mechanical delay (EMD) and shortening of Tq kinetics 92 

parameters such as the times to peak rate of Tq development (tRTD), or to any level of attained 93 

Tq (e.g., to 30%MVC). For a general review of threshold-methods’ effects on TOD, see the recent 94 

review by Maffiuletti et al. (Maffiuletti et al. 2016) 95 

[ Figure 1 ] 96 

Onset bias increases with increasing baseline noise due to the necessarily higher thresholds. 97 

Biases further increase with lower rates of Tq development (RTD) such as in slower vs. faster 98 

contractions.  In test-retest situations, or when comparing groups of similar contractile 99 

characteristics, such biases are relatively constant and the effect on a study’s construct validity 100 

may be acceptably small. However, when dissimilar conditions or groups are compared, the onset 101 

bias may have profound effects. A salient example of this is child‒adult comparisons, which have 102 

been receiving increasing attention (Cohen et al. 2010; Dotan et al. 2013a; Dotan et al. 2013b). 103 

Children produce much lower absolute torques than adults and substantial differences persist even 104 

when size-normalized torques are compared. Moreover, children’s peak RTD (RTDpk) values, 105 

both absolute and Tq-normalized, are also typically lower and their Tq kinetics slower (Cohen et 106 

al. 2010; Dotan et al. 2013a; Dotan et al. 2013b; Mitchell et al. 2011). 107 

Thus, the purpose of the present study was to quantify and compare the effects of different 108 

typical TOD methods on boys‒men comparisons of commonly derived parameters of explosive 109 

muscular contraction. We hypothesized that children’s lower maximal torque will result in greater 110 
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onset bias compared with men, particularly when using a fixed-threshold TOD. This larger bias 111 

will result in apparent faster initial torque kinetics.  112 

 113 

Methods 114 

Participants 115 

Fifteen prepubertal boys (Pubertal maturity stage 1; Tanner 1962) and 12 adult men were 116 

recruited for the study. All were healthy with no known conditions that could affect their 117 

performance in any way. Their physical characteristics are summarized in Table 1. The 118 

participants were all informed of the study’s procedures and risks, and they, or their parents, 119 

signed an informed consent form in compliance with the study’s approval by the institutional 120 

Research Ethics Board. 121 

[ Table 1 ] 122 

Study’s Design 123 

Each participant performed maximal, explosive, isometric knee-extensions with Tq and 124 

electromyographic (EMG) signals simultaneously recorded for each contraction. Data acquisition 125 

and analysis are detailed below. In short, EMG onset, visually-determined Tq onset, RTDpk, and 126 

Tqpk (MVC) were determined. A representative Tq trace was derived for each participant and 127 

EMD and tRTD were calculated. Threshold-derived Tq-onset biases were determined for the 4 128 

Nm and 5% MVC levels and threshold-specific EMD and tRTD values calculated. 129 

The 4 Nm-threshold was chosen to represent typical thresholds used to clear baseline noise. 130 

Thresholds have been set as high as 7.5 Nm in other studies (e.g., Andersen & Aagaard 2006) and 131 

thus our 4-Nm threshold is a conservative one. The 5% MVC-threshold was used to correct 132 

(normalize) for the large group differences in Tqpk. We are aware that thresholds are often defined 133 
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as n standard deviations of baseline noise. This, however, translates to a fixed threshold unless the 134 

dynamometer or testing conditions are different for the compared groups. This was not the case in 135 

the present study. 136 

The 5% MVC mean closely approximates the boys’ 4-Nm threshold, but is much higher than 137 

that in the men, thus making method comparisons more directly evident. 138 

Torque Measurement 139 

Tq testing was performed on a Biodex System III isokinetic dynamometer (Biodex, Shirley, 140 

NY) with the participant’s dominant leg (determined as the preferred leg to kick a ball). The 141 

participants were seated on the dynamometer’s chair with 80º hip flexion and 90º knee flexion 142 

(where 0° is full extension in both joints). The participant was stabilised using Velcro straps 143 

across the torso and pelvis and the shank was secured to the dynamometer’s lever arm using 144 

inextensible, unpadded Velcro straps three centimetres superior to the most proximal point of the 145 

lateral malleolus. The axis of rotation of the lever was aligned with the lateral epicondyle during 146 

contraction. 147 

At least three submaximal and two maximal (MVC) explosive isometric contractions were 148 

part of the warm-up and habituation that preceded testing. Participants performed eight 3-s 149 

isometric MVCs separated by at least 30 s. They were instructed to perform each contraction as 150 

fast and as hard as possible. To maximise motivation, verbal encouragement and visual feedback 151 

from the dynamometer’s monitor were provided throughout all trials. The Biodex scaling function 152 

was used to maximize the signal-to-Tq ratio (i.e., the function changes the ratio so that both men’s 153 

and boys’ disparate torques effect similar, highest possible voltage response). 154 

EMG Recording 155 
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EMG signals were recorded from the vastus lateralis and biceps femoris muscles using 156 

Delsys 2.1 bipolar surface electrodes (Delsys Inc., Boston, MA, USA) following standard 157 

(Hermens et al. 1999) skin preparation. A reference electrode was placed on the spinous process 158 

of the 7th cervical vertebra. 159 

EMG and Torque Data Acquisition and Analysis 160 

The EMG and Tq signals were captured synchronously by a 16-bit A/D converter (BNC-161 

2110, National Instruments) and recorded in the EMGworks Data Acquisition System (Delsys 162 

Inc., Boston, MA, USA). EMG signals were sampled at 1000Hz and band-passed filtered (20‒163 

450Hz) using the Bagnoli-4 bioamplifier (Delsys Inc., Boston, MA, USA). Tq signals from the 164 

Biodex were also sampled at 1000Hz with at least 1s of resting baseline data recorded prior to any 165 

given contraction. The entire Tq trace was then low-pass filtered at 6Hz. EMG onset was 166 

determined as the point where the EMG signal reached +2 SDs of the mean baseline activity of 167 

the first 500 ms of the EMG record and stayed above that level for at least 100 ms. 168 

All eight contractions were first scrutinized via their respective EMG and Tq traces so as to 169 

eliminate those which did not comply with required characteristics. Reasons for rejection 170 

included: unstable baseline, presence of significant agonist or antagonist activity prior to the 171 

actual contraction, and improper execution (i.e., markedly low Tqpk or RTDpk compared with 172 

other trials). For each of the remaining contractions, Tqpk and RTDpk were calculated as 173 

percentages of the highest Tqpk and RTDpk, respectively, attained by the participant in all 174 

contractions. A composite score was calculated as the sum of the Tqpk and RTDpk percentages. 175 

Out of those, the three contractions with the highest composite score were averaged and used for 176 

further analysis. Only those contractions in which both Tqpk and RTDpk exceeded 80% of the 177 

series’ maxima were considered (see also: Mitchell et al. 2011). EMG and Tq data were analyzed 178 

using MATLAB (The MathWorks, Natick, MA, USA). 179 
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Torque-onset Determination 180 

Tq onsets were determined by visual inspection for each of the 1‒3 selected contractions of 181 

each participant. Times to reach given percentages of MVC were determined and averaged. The 182 

time-to data were calculated for each percentage unit within the first 10% and then every ten 183 

percent from 10 to 100% MVC. Group means were then calculated for each percentage point. The 184 

RTDpk value was determined for each contraction from the 2nd derivative of the original Tq trace. 185 

Times to RTDpk were calculated from the visually-determined Tq onsets and then averaged per 186 

participant and per group. In conjunction with the synchronized EMG trace, EMD (time from 187 

EMG- to Tq-onset) was individually determined and group means were calculated. 188 

Comparative threshold-determined Tq onsets 189 

Three TOD methods were compared in this study. In addition to visual TOD, two threshold 190 

methods were examined:  a. A fixed, absolute threshold of 4 Nm, identical for both men and boys, 191 

represented typical baseline-noise-clearing thresholds;  b. A relative, Tq-normalizing threshold of 192 

5% MVC (means = 4.3, 12.9 Nm for the boys and men, respectively). 193 

To determine the Tq-onset shifts (biases) produced by the 4 Nm- and 5% MVC-threshold-194 

based methods, a 6th-order polynomial best-fit Tq-time curve was calculated for each participant 195 

from his respective 0‒10% MVC mean time-points (mean R2 values for the derived curves were 196 

0.99993 and 0.99992 for the men and boys, respectively). From those polynomial equations, times 197 

to 4 Nm and 5% MVC were individually calculated and then group-averaged. Figure 2 is a 198 

schematic representation of this procedure. 199 

[ Figure 2 ] 200 

Statistical analysis  201 
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Group differences in physical characteristics (Table 1) were examined using separate 202 

independent t-tests.  203 

Torque onset biases relative to visual determination were submitted to a 2-Group (Men, 204 

Boys) by 2-TOD method (4 Nm, 5% MVC) mixed ANOVA with repeated measures on the final 205 

factor. EMD data were submitted to a 2-Group (Men, Boys) by 3-TOD method (Visual, 4 Nm, 206 

5% MVC) mixed ANOVA with repeated measures on the final factor. The time-to-tRTD data 207 

were submitted to a 2-Group (Men, Boys) by 3-TOD method (Visual, 4 Nm, 5% MVC) mixed 208 

ANOVA with repeated measures on the final factor. The time-to-%MVC data (i.e., time to reach 209 

10, 20, 30, 40, and 50% MVC) for the visually determined, 4-Nm threshold, and 5% MVC 210 

threshold were submitted to three separate 2-Group (Men, Boys) by 5-% MVC mixed ANOVA 211 

with repeated measures on the final factor in order to determine the time biases between the 212 

groups depending on the onset determination method used. TOD was excluded as a factor in the 213 

latter analysis. For each participant, the %MVC data is identified at the same location on the 214 

torque trace and the type of TOD-method horizontally translates all the time-to-%MVCs by a 215 

constant amount, thus resulting in the same between-subject variance for each TOD-method. The 216 

comparison of relevance is whether there are detectable differences between Men and Boys 217 

reaching their %MVC when using each TOD method separately. 218 

Tukey’s HSD with alpha set at 0.05 was used to decompose any main effects or significant 219 

interactions involving more than two means. Data were analyzed using SPSS version 23.0 and are 220 

reported as means with standard deviations. 221 

 222 

 223 

Results 224 
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Peak torque (MVC) was three times greater among the men (257.4±91.2 Nm) than among the 225 

boys (85.6±39.0 Nm), t(25)=6.33, p<0.001. 226 

Figure 3 presents the threshold-derived onset biases relative to the visually-determined Tq 227 

onsets. There were main effects of Group, F(1, 25)=10.45, p<0.004, TOD-method, F(1, 228 

25)=36.67, p<0.001, and a significant interaction of Group and TOD-Method, F(1,25)=47.78, 229 

p<0.001. The onset bias was shorter for the 4 Nm method among men than for the 5% MVC 230 

method for men or either TOD-method for the boys. The 5% MVC method for men, the 4 Nm for 231 

boys, and the 5% MVC method for boys produced similar onset biases. Of importance is that the 232 

4 Nm method produced shorter bias for the men than the boys. 233 

 [ Figure 3 ] 234 

Analyses of the EMD revealed a main effect of TOD-Method, F(2,50)=219.01, p< 0.001, and 235 

a significant interaction of Group and TOD-Method, F(2,50)=19.44, p<0.001. For the boys, using 236 

the two threshold methods (4 Nm & 5% MVC), EMD values were similar, but produced longer 237 

EMD than the visually derived method (Figure 4a). In the men, all three methods produced 238 

different EMD values that increased from the visually determined to the 4 Nm method and then 239 

increased again to the value of the 5% MVC method. EMD values were shorter for men than boys 240 

for both the 4 Nm and 5% MVC methods. However, EMD was similar for men and boys using 241 

the visually determined method. 242 

[ Figure 4 ] 243 

Figure 4b depicts tRTD calculated from each of the three determination methods for both the 244 

boys and men. Analyses of tRTD revealed a main effect of TOD method, F(2,50)=219.01, 245 

p<0.001, and a significant interaction of Group and TOD method, F(2.50)=19.44, p<0.001. 246 

Overall, tRTD was longer in the visually-determined onset method compared with the two 247 

threshold methods. Additionally, the 4 Nm method resulted in longer tRTD than the 5% MVC 248 
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method. In the men, all three methods again produced different tRTD values that decreased from 249 

the visually determined to the 4 Nm method and then decreased again to the values of the 5% 250 

MVC method. For the boys, the visually determined method resulted in longer tRTD than the two 251 

threshold methods that produced statistically similar times. When comparing the men and boys, 252 

the 4 Nm method produced similar tRTD, but the 5% MVC and visually determined methods 253 

produced shorter tRTD values for the men compared with the boys. 254 

Figure 5 depicts the first 100 ms of the men’s vs. the boys’ Tq-kinetics (Tq-time plots) as 255 

derived from Tq-onset determinations by the visual, 4 Nm, and 5% MVC TOD methods. The 256 

analyses of the time to %MVC for the 4 Nm method revealed a main effect of Group, 257 

F(1,25)=7.96, p<0.009, and a main effect of Percentage, F(4,100)=504.76, p<0.001. There were 258 

only main effects of Percentage for the analyses of the visually determined, F(4,100)=504.76, 259 

p<0.001, and 5% MVC methods, F(4,100)=504.76, p<0.001 (top and bottom charts, respectively). 260 

Using the 4 Nm method, it took the men 14.9‒18.0 ms longer than the boys to reach a given 261 

%MVC during the first 100 ms (middle chart). There were no differences between men and boys 262 

using either the visually determined or 5% MVC method. 263 

[ Figure 5 ] 264 

 265 

Discussion 266 

The present study reaffirmed the magnitude of the threshold-induced Tq-onset bias previously 267 

shown in adults (de Ruiter et al. 2006; Thompson et al. 2012; Tillin et al. 2013a; Tillin et al. 268 

2013b) and extended the findings to children. More importantly, the study demonstrated the 269 

different magnitudes of these biases in men and boys, and that they can lead to fundamental 270 

misinterpretation of results and erroneous conclusions regarding relative rates of force/torque 271 
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development. Such effects can be consequential not only in child‒adult comparisons, but in any 272 

comparison where one group’s maximal Tq or RTD is considerably different than that of the 273 

reference group (typically, healthy adult-male participants). While our compared ‘special’ group 274 

consisted of young boys, similar biases are to be expected when testing the elderly, the infirm, or 275 

even when comparing males to females, athletes to non-athletes, etc. Moreover, similar biases 276 

ought to be expected when comparing contractile characteristics of slower- vs. faster-contracting 277 

muscles within the same individual. 278 

Considering the observed absolute magnitude of threshold-based Tq-onset biases [from ~20 279 

ms (Pain 2003) to much higher (~330 ms, (Soda et al. 2010))], it is perplexing that, to-date, 280 

threshold-derived Tq-onset bias has not received much more attention. This may partly be due to 281 

the fact that relevant research typically employs repeated measures of pre‒post treatment-effects 282 

on a given group of participants, or compares groups with similar contractile characteristics (e.g., 283 

two groups of adult men). In such cases, biases may be dismissed as systematic quantitative errors 284 

that similarly affect all groups and may have little or no qualitative consequence on outcome 285 

validity. We have demonstrated not only that large quantitative distortions may result when using 286 

threshold TOD methods on weaker or slower participants (e.g., children), but that highly 287 

significant qualitative errors may result from comparing dissimilar groups. 288 

Compared with the visual TOD, the 4 Nm-threshold method overestimated EMD by 37% 289 

(18.3 ms) in the men, and by twice as much (73%, 40.3 ms) in the boys. Not only does a bias of 290 

such magnitude place many individual values outside an acceptable physiological range, but it 291 

renders the comparison between the two groups fundamentally invalid. For example, while the 292 

visually-derived boys‒men EMD difference of 5 ms was small (and statistically insignificant), it 293 

quintupled by using the 4 Nm-threshold method (to ~27 ms, p<0.01; Figure 4a). 294 
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While the boys’ visually-based tRTD (like EMD) tended to be longer than the men’s, the 295 

boys‒men difference (unlike EMD) did not increase under any of the threshold methods, but 296 

rather decreased. This is due to the fact that while EMD is lengthened by threshold-derived onset 297 

biases, tRTD is shortened by them. That is, the boys’ slightly-longer visually-derived tRTD being 298 

shortened more by their larger onset bias compared with the men. Although group differences 299 

were not statistically significant with either of the two threshold methods, both resulted in 300 

significant tRTD shortening. The 4 Nm-threshold method underestimated tRTD by 19% (18.4 ms; 301 

p<0.05) in the men and 28% (30.3 ms; p<0.001) in the boys (Figure 4b). 302 

When using a fixed-threshold method (e.g., 4 Nm), the resulting onset biases may be of great 303 

physiological significance. However, the qualitative misinterpretation and misrepresentation of 304 

the findings could be qualitatively more consequential, as is clearly evident by the torque-kinetics 305 

comparisons depicted in Figure 5. The reference, visually-based boys-vs.-men plots (top chart) 306 

show the boys as having slightly slower kinetics. While that difference did not reach statistical 307 

significance (likely due to high variability and small group sizes) it conforms to previous findings 308 

of significantly slower Tq kinetics of boys compared with men (Cohen et al. 2010; Dotan et al. 309 

2013a; Dotan et al. 2013b; Mitchell et al. 2011; Waugh et al. 2013).When derived via the 4 Nm-310 

threshold method, however, the interpretation is reversed (Figure 5, middle chart) and the boys 311 

appear as reaching any MVC fraction faster than the men. For example, they reach 10%MVC 312 

twice as fast and attain ~7% greater relative Tq at 60 ms (compared with the corresponding 313 

visually-based value of ~‒2.5% MVC). 314 

The findings of this study have important implications in evaluating the accuracy and often 315 

the validity of previous research findings. Asai and Aoki (Asai and Aoki 1996) compared 316 

‘contraction delay’ (akin to EMD) in men and 6-year-old boys, using a fixed threshold of ~1.1% 317 

of the boys’ MVC. Based on our findings (Figure 2) and the fact that the boys were much younger 318 
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and likely had lower MVCs than our boys, the estimated boys‒men onset-bias difference must 319 

have exceeded 10 ms. Presumably, this contributed to the boys’ exceptionally-high and physio-320 

logically questionable 140-ms contraction delay and likely also added ~20% to the reported ~50-321 

ms boys‒men difference.  322 

In a study by Waugh et al. (Waugh et al. 2013), EMD and RFD values were quantified in 5‒323 

10-year-old children and adults, using a fixed-threshold method of +3SD baseline noise. The 324 

resultant Tq-onset biases could have artificially increased the reported EMD values. As RFD 325 

typically increases with age (Cohen et al. 2010; Dotan et al. 2013a; Dotan et al. 2013b; Mitchell 326 

et al. 2011), we suggest that overestimation of EMD was largest among the youngest children. 327 

Indeed, Waugh et al.’s mean adult EMD (50.4 ms) was similar to ours (50.1 ms), their 328 

corresponding 9‒10, 7‒8, and 5‒6 year-old values were 74.5, 77.4, and 96.0 ms, respectively, 329 

compared with 55.1 ms for our 8.6±0.6 year-old boys. Moreover, segmental RFDs were 330 

calculated between Tq onset and 50, 200, and 400 ms of contraction. Since the children’s onset 331 

biases were presumably larger than the adult biases, their RFDs were measured from later points 332 

and thus over steeper segments of their respective force-time curves. Namely, adults and children 333 

were compared over dissimilar time-windows along the force-time curve, likely resulting in 334 

overestimation of the children’s RFDs. We suggest, therefore, that the reported age-related RFD 335 

differences were likely underestimated.  336 

A recent study compared isometric leg-extension Tq and RTD of young vs. elderly men 337 

(Jenkins et al. 2014). A fixed, 3Nm-threshold was used for Tq-onset and segmental RTD 338 

determinations, similar to those used by Waugh et al., above (Waugh et al. 2013). The authors 339 

concluded that elderly men differ from their younger counterparts in peak Tq, but not in RTD. 340 

Since RTD (RFD) has previously been shown to be lower in the elderly (e.g., (Hakkinen et al. 341 

1998)), we argue that, as with children (Figures 2, 3), the elderly’s Tq-onset bias was larger than 342 
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that of the younger men. Therefore, as in Waugh et al.‘s child‒adult comparison (Waugh et al. 343 

2013), the elderly’s segmental RTD likely corresponded to later time-windows along the torque-344 

time curves. This resulted in the elderly’s artificially higher RTD values and presented as similar 345 

RTD values for the two groups. 346 

To avoid differential-bias issues, the 5% MVC-threshold aimed to normalize the men‒boys 347 

disparity in peak Tq by setting a fixed fraction of each individual’s MVC. Indeed, while it could 348 

not eliminate the onset biases, inherent to all threshold-based TOD methods, those did not 349 

statistically differ between men and boys and directly corresponded with the visually-based 350 

reference values (Figures 4, 5). Since the boys’ mean 4 Nm and 5% MVC threshold values 351 

happened to be very similar (Figure 2), there were no differences in their corresponding effects on 352 

either EMD (Figure 4), or tRTD (Figure 4b). In the men, on the other hand, the 5% MVC 353 

threshold constituted  torques considerably greater than 4 Nm and consequently effected greater 354 

deviations from the visually-derived values than those of the 4-Nm-based values, in both EMD 355 

(Figure 4a), and tRTD (Figure 4b). Thus, the use of relative, normalizing thresholds, such as the 356 

5% MVC, is more appropriate than the use of fixed thresholds (e.g., 4 Nm) in comparing 357 

disparate groups of participants, such as children vs. adults. Most previous studies have not used 358 

normalized Tq-onset thresholds (e.g., 5% MVC). This may be reflective of the relative scarcity of 359 

disparate-group comparisons, but may also be indicative of the lack of appreciation of the 360 

potential misinterpretation of findings. 361 

It should be noted that, while the use of a normalizing threshold does avoid much of the 362 

differential bias associated with disparate-group comparisons, it does not eliminate the onset bias 363 

itself. Fixed thresholds (e.g., 4 Nm), are typically designed to just clear baseline noise and they 364 

thus minimize the loss of potentially relevant data. With normalizing threshold methods, the 365 

stronger group’s threshold is, by definition, correspondingly higher than baseline noise. In our 366 
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study’s example, the segment on the men’s Tq trace, between the boys’ 4.3-Nm and the men’s 367 

12.9-Nm 5%-MVC-thresholds (Figure 2), constitutes data loss not due to baseline noise. 368 

Conclusions: This study demonstrated that the method by which Tq onset is detected can 369 

have important implications on comparisons between men and boys and, in general, between any 370 

two groups of markedly dissimilar contractile characteristics (e.g., Tq, RTD), particularly when 371 

absolute, fixed thresholds are used (e.g., 4 Nm). Implications may not be only quantitative, but 372 

could result in qualitatively-erroneous conclusions.  A relative, normalizing threshold (e.g., 5% 373 

MVC) is preferable to a fixed-threshold for disparate-group comparisons, although it does not 374 

eliminate the potentially-important quantitative misrepresentations of torque kinetics and 375 

contractile parameters. Therefore, it is recommended that whenever practically possible, visual 376 

torque-onset determination be employed. When this is impractical, proper consideration of onset-377 

bias effects should be given in analysing and interpreting results. 378 

 379 

 380 

 381 

 382 

 383 

Acknowledgements 384 

The authors wish to thank the participants and, when appropriate, their parents/guardians 385 

without whom this study could not be carried out. The study was supported by the Canadian 386 

Institutes of Health Research (Grant #199944).  387 



18 

References 388 

Aagaard P, Simonsen EB, Andersen JL, Magnusson P, Dyhre-Poulsen P. Increased rate of force 389 

development and neural drive of human skeletal muscle following resistance training. J Appl 390 

Physiol 2002;93:1318‒26 391 

Andersen LL, Aagaard P. Influence of maximal muscle strength and intrinsic muscle contractile 392 

properties on contractile rate of force development. Eur J Appl Physiol 2006;96:46‒52 393 

Asai H, Aoki J (1996) Force development of dynamic and static contractions in children and 394 

adults. Int J Sports Med 17:170‒4 395 

Cohen R, Mitchell C, Dotan R, Gabriel D, Klentrou P, Falk B. Do neuromuscular adaptations 396 

occur in endurance-trained boys and men? Appl Physiol Nutr Metabol 2010;35:471‒9 397 

de Ruiter CJ, Kooistra RD, Paalman MI, de Haan A. Initial phase of maximal voluntary and 398 

electrically stimulated knee extension torque development at different knee angles. J Appl 399 

Physiol 2004;97:1693‒701 400 

de Ruiter CJ, Van Leeuwen D, Heijblom A, Bobbert MF, de Haan A. Fast unilateral isometric 401 

knee extension torque development and bilateral jump height. Med Sci Sports Exerc 402 

2006;38:1843‒52 403 

Domire ZJ, Boros RL, Hashemi J. An examination of possible quadriceps force at the time of 404 

anterior cruciate ligament injury during landing: A simulation study. J Biomech 405 

2011;44:1630‒2 406 

Dotan R, Mitchell C, Cohen R, Gabriel D, Klentrou P, Falk B. Child‒adult differences in the 407 

kinetics of torque development. J Sports Sci 2013a;31:945‒53 408 



19 

Dotan R, Mitchell CJ, Cohen R, Gabriel D, Klentrou P, Falk B. Explosive sport training and 409 

torque kinetics in children. Appl Physiol Nutr Metabol 2013b;38:740‒5 410 

Hakkinen K, Newton RU, Gordon SE, McCormick M, Volek JS, Nindl BC, Gotshalk LA, 411 

Campbell WW, Evans WJ, Hakkinen A, Humphries BJ, Kraemer WJ. Changes in muscle 412 

morphology, electromyographic activity, and force production characteristics during 413 

progressive strength training in young and older men. J Gerontol 1998;53:B415‒23 414 

Hermens HJ, Freiks B, Merletti R, Stegmann H, Blok J, Rau G, Dissenhorst-Klug C, Haag G. 415 

European Recommendations for Surface ElectroMyoGraphy, SENIAM project 1999  416 

Jenkins ND, Buckner SL, Cochrane KC, Bergstrom HC, Palmer TB, Johnson GO, Schmidt RJ, 417 

Housh TJ, Cramer JT. Age-related differences in rates of torque development and rise in 418 

EMG are eliminated by normalization. Exp Gerontol 2014;57:18‒28 419 

Krosshaug T, Nakamae A, Boden BP, Engebretsen L, Smith G, Slauterbeck JR, Hewett TE, Bahr 420 

R. Mechanisms of anterior cruciate ligament injury in basketball: video analysis of 39 cases. 421 

Am J Sports Med 2007;35:359‒67 422 

Maffiuletti NA, Aagaard P, Blazevich AJ, Folland J, Tillin N, Duchateau J. Rate of force 423 

development: physiological and methodological considerations. Eur J Appl Physiol 424 

2016;116:1091‒116 425 

Mitchell C, Cohen R, Dotan R, Gabriel D, Klentrou P, Falk B. Rate of muscle activation in 426 

power- and endurance-trained boys. Int J Sports Physiol Perform 2011;6:94‒105 427 

Pain MT. Identifying reaction times in sprint starts: a comparison of wavelet analysis and custom 428 

algorithms. Int J Comp Sci Sport 2003;2:129‒31 429 



20 

Soda P, Mazzoleni S, Cavallo G, Guglielmelli E, Iannello G. Human movement onset detection 430 

from isometric force and torque measurements: a supervised pattern recognition approach. 431 

Artif Intell Med 2010;50:55‒61 432 

Staude G, Wolf W. Objective motor response onset detection in surface myoelectric signals. Med 433 

Eng Phys 1999;21:449‒67 434 

Thompson BJ, Ryan ED, Herda TJ, Costa PB, Walter AA, Sobolewski EJ, Cramer JT. 435 

Consistency of rapid muscle force characteristics: influence of muscle contraction onset 436 

detection methodology. J Electromyogr Kinesiol 2012;22:893‒900 437 

Tillin NA, Jimenez-Reyes P, Pain MT, Folland JP. Neuromuscular performance of explosive 438 

power athletes versus untrained individuals. Med Sci Sports Exerc 2010;42:781‒90 439 

Tillin NA, Pain MTG, Folland J. Explosive force production during isometric squats correlates 440 

with athletic performance in rugby union players. J Sports Sci 2013a;31:66‒76 441 

Tillin NA, Pain MTG, Folland JP. Identification of contraction onset during explosive 442 

contractions. Response to Thompson et al. "Consistency of rapid muscle force 443 

characteristics: influence of muscle contraction onset detection methodology" [J 444 

Electromyogr Kinesiol 2012;22(6):893‒900]. J Electromyogr Kinesiol 2013b;23:991‒4 445 

Waugh CM, Korff T, Fath F, Blazevich AJ. Rapid force production in children and adults: 446 

mechanical and neural contributions. Med Sci Sports Exerc 2013;45:762‒71 447 

  448 



21 

Figure Legend 449 

Figure 1 ‒  Onset bias in the Threshold torque-onset detection method 450 

Figure 2 ‒  Determination of the 4 Nm- and 5% MVC-threshold-derived torque onsets (onset  451 

biases) for the men and the boys, relative to the visually-determined onset (0 on the X 452 

axis). The plots and associated MVC values are group means. Actual determinations 453 

were derived from individual data. 454 

Figure 3 ‒  Threshold-effected torque-onset biases, relative to the visually-determined reference 455 

values. Note the absolute magnitude of the biases (men: 18.4 ms; boys: 40.3 ms) and 456 

the resultant, large boys‒men difference (21.9 ms) with the 4 Nm threshold method.                 457 

* = p<0.001  458 

Figure 4 ‒  4a:  EMD values based on visually- vs. threshold-determined torque onsets. Note the 459 

particularly-large visual-vs.-threshold differences in the boys relative to the men.  460 

4b:  Times to RTDpk based on visually- vs. threshold-determined torque onsets. Note 461 

that differences are opposite of what they were in EMD (Fig.4a) due to the opposite 462 

effect of the onset bias.  § = p<0.01,  * = p<0.001   463 

Figure 5 ‒  Men‒boys Tq-kinetics differences (initial 100 ms), based on torque-onset 464 

determinations by the visual method (top chart), the 4 Nm-threshold method (centre 465 

chart), and the 5% MVC-threshold (bottom chart). Torque (Y axis) is expressed as 466 

%MVC to normalize the large strength differences between the two highly disparate 467 

groups. Note that while the reference (visual) method depicts the men as possessing 468 

slightly faster torque kinetics, the 4 Nm-threshold-derived plots suggest the boys as 469 

having much superior kinetics. The boys‒men differences virtually disappear when 470 

the Tq-kinetics plots are based on the normalizing 5% MVC-threshold. 471 

  472 
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Table 1  ‒  Physical characteristics of the participants, presented as mean ±SD (range).  473 

 474 

 Men Boys 

n 12 15 

Age,  years 
21.6 ±1.6 

(19.4 − 23.7) 

8.6 ±0.6 * 

(8.0 − 10.1) 

Body mass,  kg 
84.5 ±7.1 

(75.4 − 95.0) 

32.0 ±5.3 * 

(24.7 − 41.9) 

Height,  cm 
182.0 ±5.9 

(174.6 − 193.6) 

133.0 ±5.2 * 

(123.6 − 142.1) 

 475 

* ‒ Men vs. boys p<0.001 476 


