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1. Abstract 35 

Purpose. The aims of the present study were to 1) examine the effect of body mass (BM) on eccentric 36 
knee flexor strength using the Nordbord, and 2) offer simple guidelines to control for effect of BM on knee 37 
flexors strength.  38 
 39 
Methods. Data from 81 soccer players (U17, U19, U21, senior 4th French division and professionals) and 40 
41 Australian Football League (AFL) players were used for analysis. They all performed one set of three 41 
maximal repetitions of the bilateral Nordic hamstring exercise, with the greatest strength measure used for 42 
analysis. The main regression equation obtained from the overall sample was used to predict eccentric knee 43 
flexor strength from a given BM (moderate TEE, 22%). Individual deviations from the BM-predicted score 44 
were used as a BM-free index of eccentric knee flexor strength. 45 
 46 
Results. There was a large (r = 0.55, 90% confidence limits: 0.42;0.64) correlation between eccentric knee 47 
flexor strength and BM. Heavier and older players (professionals, 4th French division and AFL) 48 
outperformed their lighter and younger (U17-U21) counterparts, with the soccer professionals presenting 49 
the highest absolute strength. Professional soccer players were the only ones to show strength values likely 50 
slightly greater than those expected for their BM. 51 
 52 

Conclusions. Eccentric knee flexor strength, as assessed with the Nordbord, is largely BM-dependent. To 53 
control for this effect, practitioners may compare actual test performances with the expected strength for a 54 
given BM, using the following predictive equation: eccentric strength (N) = 4 x BM (kg) + 26.1. 55 
Professional soccer players with specific knee flexors training history and enhanced neuromuscular 56 
performance may show higher than expected values. 57 

Keywords: hamstring strength; injuries; Australian Football League; soccer; association football.  58 



2. Introduction 59 

Hamstring muscle injuries are the most prevalent injury type in most football codes (e.g., soccer, rugby 60 
union, Australian Football League, AFL), and are notorious for their high recurrence rate.1 While still a 61 
matter of debate, it is believed that a large proportion of injuries occur during the terminal swing phase of 62 
high-speed running, when the hamstrings (i.e., knee flexors) are required to perform a forceful eccentric 63 
contraction.2 While hamstring strain is clearly multifactorial (e.g., muscle strength imbalance, poor 64 
flexibility, muscle fatigue, inadequate warm-up, previous strain/inadequate rehabilitation),1 lower levels of 65 
eccentric hamstring strength have been suggested to increase the risk of future hamstring injuries,3 66 
indicating the potential significance of eccentric strength (training) for hamstring strain avoidance.4  67 

When it comes to the assessment of players’ eccentric hamstring strength, isokinetic dynamometry is 68 
generally considered as the gold standard measure.5 However, the high cost of the device and its lack of 69 
portability in the field are important limitations to its widespread use. Handheld dynamometers have been 70 
suggested as a valid field-based alternative,6 but their use still requires qualified and highly skilled 71 
operators. To overcome these latter limitations, Opar et al.7 have recently developed a novel field testing 72 
device for the assessment of hamstring eccentric strength called the Nordbord7, based on the commonly 73 
employed Nordic hamstring exercise. The Nordbord allows, in ambulatory conditions and within less than 74 
2 minutes per player, the assessment of maximal eccentric knee flexor strength (i.e., force in Newtons 75 
captured by load cells used as a measure of strength) and between-limb imbalances. The device is with no 76 
surprise receiving an exponentially increasing interest in the field today, and some interesting applications 77 
have recently been published. For example, Opar et al. have shown that there may exist an eccentric knee 78 
flexor strength threshold (i.e., 265 N) in AFL players, below which injury risk may be substantially 79 
increased.8 80 

While this device has been shown to provide reliable measures of eccentric knee flexor strength (CV = 81 
~8%7), the possible influence of body mass (BM) on the measured eccentric strength has not yet been 82 
examined. In fact, for most neuromuscular-related types of measures, including hamstring strength,9 muscle 83 
mass is generally beneficial for performance.10 Understanding the effect of BM on eccentric knee flexor 84 
strength when using the Nordbord has important implications when comparing players differing in body 85 
size and/or when monitoring individual players over long periods of time where changes in BM can occur. 86 
Additionally, because of the upper body inclination when leaning forward during the Nordic exercise 87 
(Figure 1), heavier and/or taller players with a longer lower-leg lever (distance from knee joint axis of 88 
rotation to the ankle strap) may apply higher levels of force to the dynamometers, which may, in turn, be 89 
interpreted as a greater eccentric knee flexor strength, independent (at least partially) of players’ true 90 
strength. If BM was to substantially affect the Norbord measures, practical guidelines may be required to 91 
correctly interpret potential injury risk in players differing in BM (i.e., the 256 N threshold8 may be easier 92 
to reach for heavier players, independent of their actual eccentric strength). While knee flexor strength per 93 
unit of BM (i.e., N/kg) has been used to account for differences in BM,8 whether such a normalization is 94 
completely effective to remove the effect of BM is still unknown. For example, when using allometric 95 
scaling, the normalization of lower limb muscle strength is often optimal when using fractions (e.g., 96 
N/kg0.67)11 or multiples (e.g., N/kg1.15)12 of BM.  97 

The aims of the present study were therefore to: 1) examine the effect of BM on eccentric knee flexor 98 
strength assessed with the Nordbord in football players differing in age and playing standards, and 2) offer 99 
simple guidelines to control for the possible effect of BM on eccentric knee flexor strength.  100 

  101 



3. Methods 102 

Participants and study overview.  103 

Data were collected in six different groups of football players: 21 under 17 (U17); 20 U19 and 10 U21 104 
soccer players representative of an elite French academy competing in the highest youth leagues; 16 senior 105 
soccer players competing in the 4th French division; 14 professional players competing in the first French 106 
and Champions Leagues; and finally, 41 professional AFL players. All data were collected in-season, at 107 
least 4 days after players’ latest match. Players were all familiar with the Nordic exercise, which was 108 
included in their weekly lower-limb strength program at all their respective clubs. These data arose as a 109 
condition of player monitoring in which player activities are routinely measured over the course of the 110 
competitive season;13 therefore, ethics committee clearance was not required. The study conformed 111 
nevertheless to the recommendations of the Declaration of Helsinki. Data from players with an injury 112 
sustained within the six-month period preceding the study were not included.  113 

 114 

Methodology.  115 

Anthropometry. BM (digital balance, ± 0.1 kg) and the sum of 7 skinfolds (bicep, tricep, subscapular, 116 
supraspinale, abdominal, mid-thigh, calf, as per ISAK recommendations) were assessed within two weeks 117 
of knee flexor strength testing. Percentage of body fat was calculated according to the methods of Withers 118 
et al.14 119 

Eccentric knee flexor strength testing. The device used to determine eccentric knee flexor strength during 120 
the Nordic hamstring exercise, and its reliability, have been described previously.7 Briefly, players knelt on 121 
a padded board, with the ankles secured immediately superior to the lateral malleolus by individual ankle 122 
braces which were attached to custom made uniaxial load cells (Delphi Force Measurement, Gold Coast, 123 
Australia) with wireless data acquisition capabilities (Mantracourt, Devon, UK) (Figure 1). Following a 124 
standardised warm-up (5 min cycling at submaximal intensity, a combination of skipping, high-knees and 125 
butt-kicking drills, 10 forward lounges per leg, 10 weight-free deep squats, 30 s of dynamic stretching per 126 
leg and 2 Nordic hamstring movements with low resistance), participants performed one set of three 127 
maximal repetitions of the bilateral Nordic hamstring exercises. Instructions to players were to gradually 128 
lean forward at the slowest possible speed while maximally resisting this movement with both limbs while 129 
keeping the trunk and hips held in a neutral position throughout, and the hands held across the chest. 130 
Participants were loudly exhorted to provide maximal effort throughout each repetition. A trial was deemed 131 
acceptable when the force output reached a distinct peak (indicative of maximal eccentric strength, Figure 132 
2), followed by a rapid decline in force which occurred when the athlete was no longer able to resist the 133 
effects of gravity acting on the segment above the knee joint.7 As between-leg differences were behind the 134 
scope of the present study, the average strength of left and right legs was used for analysis.15 135 
 136 

Statistical analyses. Data in the text and figures are presented as means with standard deviations (SD) and 137 
90% confidence limits/intervals (CL/CI). All data were first log-transformed to reduce bias arising from 138 
non-uniformity error. Linear regressions were used to examine the relationship between eccentric knee 139 
flexor strength and BM, with %BF used as a covariate. The typical error of the estimate (TEE) for the 140 
eccentric knee flexor strength vs. BM regression was also calculated and expressed in Newton (N), % and 141 
standardised units. The following criteria were adopted to interpret the magnitude of the correlation (r, 90% 142 
CI): ≤0.1, trivial; >0.1-0.3, small; >0.3-0.5, moderate; >0.5-0.7, large; >0.7-0.9, very large; and >0.9-1.0, 143 
almost perfect. If the 90% CI overlapped small positive and negative values, the magnitude was deemed 144 
unclear; otherwise that magnitude was deemed to be the observed magnitude.16  145 



With respect to the allometric scaling procedure, knee flexor absolute strength (N) was used as the 146 
dependent variable, and BM (kg) as the independent variable. The following steps outline the procedures 147 
used to construct the model.11,17 First, normality of the dependent variables was assessed in the entire cohort. 148 
Second, a log-linear regression analysis was performed on the independent and dependent variables. The 149 
slope of the regression line (90% CL) was used as the allometric scaling exponent. Third, distribution of 150 
residuals and the assumption of homoscedasticity were tested by the Anderson-Darling normality test and 151 
visual inspection of the residuals. The residual errors should demonstrate a constant variance 152 
(homoscedasticity) and a normal distribution, indicating that the model fits all individuals across the entire 153 
range. Lastly, independence of the power ratio (i.e., allometrically-scaled strength) and independent 154 
variable (i.e., BM) was assessed. For an allometric model to be deemed appropriate there should be no 155 
significant correlation between the allometrically-scaled strength measures and the independent variable. 156 
The equation characterising the relationship between eccentric knee flexor strength and BM was used to 157 
calculate the expected strength for a given BM for each individual. Individual differences in strength from 158 
the expected values (i.e., relative strength) were compared to the smallest worthwhile difference (SWD), 159 
which was set as 0.2 of the TEE.18 For individuals, longitudinal changes or difference vs. group mean are 160 
generally considered as substantial when the probabilities are ≥75%, which occurs when the difference is 161 
greater than the sum of the smallest worthwhile difference (SWD) and the typical error of measurement18 162 
(TE, from reliability studies, = ~8%7).  Between-group differences in anthropometric measures, absolute 163 
and relative eccentric strength were examined using standardised differences, based on Cohen’s effect size 164 
principle. Probabilities were used to make a qualitative probabilistic mechanistic inference about the true 165 
differences between the groups. The scale was as follows: 25−75%, possible; 75−95%, likely; 95−99%, 166 
very likely; >99%, almost certain.16 167 

 168 

4. Results 169 

The force trace of a representative professional players during three repeated Nordic hamstring exercises 170 
on the Nordbor is shown in Figure 2. For pooled data (n = 122), there was a large correlation between 171 
eccentric knee flexor strength and BM (Figure 3, r = 0.55, 90% CL: 0.42;0.64). Controlling for %BF did 172 
not affect the magnitude of the correlation (partial r for eccentric knee flexor strength and BM = 0.54, 173 
0.42;0.64). The TEE for eccentric knee flexor strength vs. BM was rated as moderate, i.e., standardised 174 
TEE = 0.84 (90% CL: 0.76;0.94), 65 N (59;73), or 22 % (19;42). The linear regression equation describing 175 
the relationship between eccentric knee flexor strength and BM was: eccentric strength (N) = 4 x BM (kg) 176 
+ 26.1.  177 

The different parameters derived from the allometric scaling within each group are shown in Table 1. There 178 
was unclear (U21 and 4th Div) to large (U17, U19 and Pro Soccer) correlations between eccentric knee 179 
flexor strength and BM. The exponent k was clearly group-dependent (range: 0.57-1.51), with an average 180 
value of 0.89 (0.85;0.92) when all players were pooled together. 181 

Players’ absolute eccentric knee flexor strength values are presented in Table 1. Figure 4 shows that the 182 
average absolute eccentric strength observed in the present study (all players pooled together, and in the 183 
Pro Soccer and AFL players specifically) was slightly greater than those previously published. 184 

There was a trend for the heavier and older players (4th Division Soccer, Pro Soccer and AFL) to perform 185 
better than their lighter and younger (U17-U21) counterparts, with the Pro soccer team presenting the 186 
highest absolute strength. While all the other teams showed values within their BM-expected ranges (within 187 
the SWD, Figure 4), Pro Soccer players showed strength values likely slightly (20%) greater than their BM-188 
expected values (Figure 5). 189 



 190 

5. Discussion 191 

In this study we quantified the likely effect of BM on eccentric knee flexor strength when using the 192 
Nordbord device. We also reported some eccentric knee flexor strength values in various football players 193 
differing in age and playing standards. The main results were as follows: 1) when all players were pooled 194 
together, there was a large correlation between eccentric knee flexor strength and BM, 2) the allometric 195 
exponent describing the relationship between eccentric knee flexor strength and BM was population-196 
dependent but in overall, slightly but substantially lower than 1, and 3) the heavier and older players (4th 197 
Division Soccer, Pro Soccer and AFL) performed better than their lighter and younger (U17-U21) 198 
counterparts, with the professional soccer players outperforming the heavier AFL players.  199 

Confirming our initial hypothesis, we observed unclear-to-large correlations between eccentric knee 200 
flexor strength and BM (Table 1). While correlations don’t imply causality, the likely effect of BM on 201 
eccentric knee flexor strength may be linked to the fact that when leaning forward during the Nordic 202 
exercise, players’ BM may affect the force applied to the dynamometers, at least partially independent of 203 
players’ true strength. For instance, the data plotted in Figure 3 suggest that eccentric knee flexor strength 204 
is likely to increase by 4 N per increase in 1 kg of BM (eccentric strength (N) = 4 x BM (kg) + 26.1). One 205 
of the consequences of the present findings is that the use of a unique absolute eccentric strength threshold 206 
value (i.e., 265 N)8 to identify players with increased hamstring injury risk, without taking their own BM 207 
into consideration, may be questionable. The present data (Table 1) showed also that the allometric 208 
exponent that could be used to normalise eccentric knee flexor strength on BM is likely lower than 1, which 209 
suggests that simply dividing eccentric strength by units of BM (i.e., N/kg)8 may not be optimal either. The 210 
various allometric scaling parameters detailed in Table 1 confirm, however, that the relationship between 211 
eccentric knee flexor strength and BM is complex, and may be specific to the group of players considered.11 212 
This athlete and performance specificity is unfortunately a clear limitation in practice, when practitioners 213 
are seeking to standardize their own test measures (e.g. calculation of the allometric exponents for their 214 
specific data set, normalisation process, changes in units that occur with scaling).17  215 

To overcome these latter limitations and offer a simple way to control for the effect of BM on eccentric 216 
knee flexor strength when using the Nordbord, practitioners could use the provided regression equation 217 
(Figure 3) to estimate a player’s expected strength based on his own BM, and compare it with his actual 218 
(measured) performance. As shown in Figure 3, while player B (106 kg) demonstrates one of the highest 219 
level of absolute strength (495 N), in comparison with his BM-expected strength (451 N), his relative 220 
strength (+10%) is actually lower than that of player A (75kg, 429 – 326 N = +32%). When interpreting 221 
these individual differences with respect to the different magnitude thresholds (Figure 3), player A shows 222 
likely largely greater relative strength than his BM-expected value (310 N), while player C, moderately 223 
lower strength (239 N).  In contrast, player B shows values within the range of his expected values (i.e., 224 
within the sum of the smallest worthwhile difference and the typical error of the measure, ± SWD + TE). 225 
It is worth noting that in the present case, when considering a unique eccentric strength measure (1 visit), 226 
and knowing that the minimum difference that can be assessed with a probability of at least 75% = SWD + 227 
TE = 13 N (4%) + 27 N (8%7) = 40 N (12%), only moderate differences vs. BM-expected strength could 228 
be assessed at the individual level (since a moderate standardised difference based on Cohen’s effects is 229 
0.6; 0.6 x TEE = 40 N or 13%).  230 

When looking at between-group differences in eccentric knee flexor strength, there was a trend for the 231 
heavier and older players (4th Division Soccer, Pro Soccer and AFL) to perform better than their lighter and 232 
younger (U17-U21) counterparts, with the professional soccer team presenting the highest absolute strength 233 



(411 ± 65 N, Table 1). Comparison with the literature is impossible for soccer players, but the 371 ± 77 N 234 
observed in our AFL players (86 kg) is very similar to the 372 N (BM not provided)7 or slightly greater 235 
than the 320-330 (81-88 kg)8,15 N reported previously in similar populations (Figure 4). The reasons for the 236 
likely moderately greater absolute eccentric knee flexor strength of the professional soccer players 237 
compared with the other soccer players is not surprising and likely related to their specific training history 238 
on that muscle group at the club.19,20 In fact, high-standard soccer players are often reported to outperform 239 
their lower-standard counterparts in strength-oriented tests, including eccentric knee flexor strength.21 240 
Interestingly, the professional soccer players were the only ones to show relative strength values likely 241 
slightly greater (20%) than those expected for their own BM (Figure 4 and 5). In fact, while being likely 242 
moderately lighter than their AFL counterparts (-7 kg), they showed likely moderately greater strength 243 
values (+40 N, Table 1). The reason for the lower performance of the AFL players compared with their 244 
professional soccer counterparts deserves further investigation, but differences in match demands22,23 and 245 
training methods19,20 within each club may have to be considered. Further analysis of muscle characteristics 246 
(muscles size, fiber types, neural activation) and detailed training history may also help to shed light on this 247 
latter observation. 248 
 249 

6. Practical applications 250 

To compare players differing in BM, or when monitoring individual players over long periods of time 251 
when changes in BM may occur, practitioners can use the provided equation (eccentric strength (N) = 4 x 252 
BM (kg) + 26.1) to estimate a player’s expected strength based on their own BM, and compare it with their 253 
actual (measured) performance. When using a single test measure in individual players, values deviating 254 
from the body-mass expected values by at least 40 N (12%) may be considered as substantially greater or 255 
lower. In players diagnosed as weaker than their BM-expected performance, individualized training 256 
interventions aimed at increasing eccentric knee flexor strength could be implemented.19,20 257 

7. Conclusions 258 

Eccentric knee flexor strength, as assessed with the Nordbord device is largely BM -dependent. To 259 
control for this effect, practitioners may compare actual test performances with the expected strength for a 260 
given BM, using the following predictive equation: eccentric strength (N) = 4 x BM (kg) + 26.1. 261 

 262 
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 329 

Figure 1. Under 17 player performing the Nordic hamstring exercise on the Nordbord.  330 
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 332 

Figure 2. Force trace during three consecutive Nordic hamstring exercises on the Nordbord in a 333 
representative professional soccer player. 334 

  335 



n = 122

r = 0.55 (0.42;0.64)

Ecc Str (N) = 4 x BM (kg) + 26.1

TEE : 65 N (59;73)

Largely greater

Moderately greater

Slightly greater

Largely lower

Moderately lower

Slightly lower

Body mass (kg)

50 60 70 80 90 100 110

E
c
c
e

n
tr

ic
 S

tr
e

n
g
th

 (
N

)

100

200

300

400

500

600
AFL 

U17 Soccer

U19 Soccer

U21 Soccer

4th Div Soccer

Pro Soccer

B

A

C

 336 

Figure 3. Relationship (r with 90% confidence intervals) between eccentric knee flexor strength and body 337 
mass (BM) in the six teams. TEE: typical error of the estimate, with 90% confidence intervals. The different 338 
lines represent threshold for slightly, moderately and largely lower/greater values than BM-expected 339 
strength, based on Cohen’s effect size principle. For individuals, difference vs. group mean are generally 340 
considered as substantial when the probabilities are ≥75%, which occurs when the difference is greater than 341 
the sum of the smallest worthwhile difference (SWD, = TEE/5) and the typical error of measurement (TE, 342 
from reliability studies).  343 
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 345 

Figure 4. Comparison of the present data (all payers pooled together and a selection of two teams, i.e., 346 
Australian Football League players, AFL and professional soccer players, Pro Soccer) with previously 347 
published values in AFL players. The light-grey dots represent individual values from the present study 348 
(Figure 1). Opar et al. MSSE 20158 and Opar et al. Am J Sports Med 2015.15 Data are mean with 90% 349 
confidence intervals. The different lines represent threshold for slightly, moderately and largely 350 
lower/greater values than BM-expected strength, based on Cohen’s effect size principle. 351 
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Figure 5. Difference in measured vs. body mass (BM)-expected eccentric knee flexor strength in the six 354 
teams. The symbols stand for a likely small difference vs. BM-expected knee flexors strength. 4th Div: 4th 355 
French division soccer, Pro: professional soccer 1st French League, AFL: Australian Football League. The 356 
grey area represents the smallest worthwhile difference in eccentric knee flexor strength (see method). 357 
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Table 1. Players’ characteristics, absolute and relative eccentric knee flexor strength as measured with the Nordbord device. 359 

 n Age (yr) Body mass (kg) Body Fat (%) Two-leg  

average strength 

(N) 

Two-leg average BM-

free expected strength 

(N) 

Allometry (exponent k 

and correlation 

coefficient r with 90% 

confidence intervals) 

U17 Soccer 21 16.2 ± 0.6 71.8 ± 11.2 
aabbccddd 

11.0 ± 2.7 
bbcccddd 

306 ± 68 bcccdd 312 ± 45 aabbccddd k = 0.88 (0.76;0.94) 

r = 0.66 (0.38;0.83) 

U19 Soccer 20 18.0 ± 0.6 71.7 ± 6.8 aabbccddd 11.2 ± 1.5 
bbcccddd 

301 ± 72 bcccdd 312 ± 27 aabbccddd k = 1.51 (1.16;1.75) 

r = 0.62 (0.31;0.83) 

U 21 Soccer 10 19.6 ± 0.6 78.9 ± 6.9 dd 11.1 ± 1.5 
bbcccddd 

299 ± 52 ddcccdd 341 ± 27 dd k = 0.57 (0.03;0.85) 

r = 0.30 (-0.30;0;73) 

4th Division 

Soccer 

16 25.2 ± 7.1 78.8 ± 8.0 dd 9.3 ± 2.9 ccddd 336 ± 55 cccd 340 ± 32 dd k = 0.57 (0.19;0.80) 

r = 0.33 (-0;11;0.66) 

Pro Soccer 14 24.6 ± 5.3 79.1 ± 7.5 dd 7.5 ± 0.9 d 411 ± 65 dd 343 ± 30 dd k = 0.95 (0.87;0.98) 

r = 0.58 (0.16;0.82) 

AFL 41 24.3 ± 4.2 86.4 ± 9.3 7.2 ± 0.6 371 ± 77 371 ± 37 k = 0.65 (0.47;0.78) 

r = 0.32 (0.06;0.54) 

All pooled 122 21.6 ± 6.5 79.0 ± 10.5 9.1 ± 2.6 342 ± 78 342 ± 42 k = 0.89 (0.85;0.92) 

r = 0.54 (0.42;0.64) 

 360 

AFL: Australian Football League. The letters refer to substantial differences vs. U21 (a), 4th Division Soccer (b), Pro Soccer (c) and AFL (d), with 361 
the number of letters standing for small (1), moderate (2) and large (3) magnitudes. All substantial differences were at least likely (≥75%). 362 


