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Abstract 38 

Introduction:  39 

With their potential positive outcomes, hamstring eccentric exercises are becoming 40 

increasingly popular within training regimes, with Nordic Hamstring Exercise (NHE) 41 

being the most common. NHE is said to be a focused eccentric-type exercise and 42 

successful within training programmes to improve eccentric strength and muscle 43 

activation. The way an athlete focuses their attention when undertaking such strength-44 

based activities, has the potential to influence strength-based developments. Where 45 

attentional focus has been referred to the process in which athletes allocate mental 46 

resources to cues, stimuli or states, it has been suggested that an external focus of 47 

attention has been beneficial in terms of movement economy. However, it has yet to 48 

be shown whether attentional focus influences muscle activation when techniques 49 

such as NHE are performed. Furthermore, the aim of the study was to compare the 50 

acute effects of attentional focus has on muscle activation and joint knee angle during 51 

a Nordic hamstring exercise.  52 

Method: Twelve physically active recreation football players (age 25 ± 3 years) 53 

performed a 3 sets of Nordic hamstring exercises whilst undergoing 3 different 54 

attentional focus conditions, (External Muscle Contraction, External Upright Posture 55 

and Control). Measures of the Bicep Femoris and Semitendinosus were measured for 56 

peak EMG (EMGpk) and optimal knee angle (2D Video analysis) were untaken. After 57 

each condition participants were asked three specific questions designed to assess 58 

use of the respective attentional foci during task execution. Data analysis utilised 59 

SPSS (IBM, SPSS).  All descriptive statistics were calculated and presented as mean 60 

± standard deviation (SD). 61 

Results: 62 

All three conditions had no significant difference in muscle activation for the bicep 63 

Femoris with external upright posture (38.49 ± 9.94 EMGpk), external muscle 64 

contraction (38.67 ± 8.18 EMGpk) and the Neutral group (37.55 ± 9.35 EMGpk) When 65 

looking at the semitendinosus, again there was no significance with the three 66 

attentional focus conditions for muscle activation, External upright posture (51.89 ± 67 

10.38 EMGpk), External muscle contraction (49.27 ± 7.56 EMGpk) and the Neutral 68 

group  (49.66 ± 10.28 EMGpk). Similarly, knee angle remained constant throughout 69 



the 3 attentional focus conditions for the Bicep Femoris, Neutral (102.71 ± 5.48°), 70 

External muscle contraction (103.16 ± 7.23°) and External upright posture (103.72 ± 71 

4.71°) and for the Semitendinosus, Neutral (103.16° ± 5.36), External muscle 72 

contraction (103.55 ± 5.48°) and the External upright posture (104.27° ± 5.05). Post 73 

Manipulation checks highlighted that “To what extent were you focused on the 74 

movements of any part of your body?” resulted in a score of 3.83 ± 1.03, “To what 75 

extent were you focused on hamstring muscle contraction as you executed your 76 

NHE?” resulted in a scored 3.92 ± 1 and “To what extent were you focused on 77 

maintaining an upright posture as you executed your NHE?” resulted in a scored 78 

of 3.58 ± 0.5, highlighting minimal differences noted between conditions. 79 

Discussion: Although the findings highlighted that there were no changes in muscle 80 

activation or knee angle during the NHE, the study highlights when NHE are performed 81 

they cause a high muscle activation in both the bicep femoris and semitendinosus. 82 

The results suggest by performing this type of exercise, it can be an effective tool in 83 

injury prevention programmes, in addition to reducing the risk of injury. 84 
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1.0 Introduction 148 

1.1 Hamstring  149 

 150 

Hamstring injuries are one of the most reported lower limb injuries, with a high 151 

incidence and re – injury rates across several sports (Bourne et 2015, Ekstrand et al, 152 

2015, Ekstrand et al, 2016). These injuries can be typically viewed as overuse 153 

mechanism such as exposure to a high training load or volume over an extended 154 

period of time, acutely meaning a direct result of an impact or traumatic event with a 155 

sudden feeling of pain (Wing et al, 2020). A hamstring injury can be viewed as chronic 156 

or repeated injury of the same muscle site and is said to be due to a reduction of 157 

function or a lack of appropriate healing and rehabilitation of the area (Wing et al, 158 

2020). Many hamstring injuries sustained can be serve in nature, taking longer than 159 

28 days to recover (Ekstrand et al, 2011) and can cause a signification loss of athletes 160 

playing times, becoming detrimental to the performance of them team, and potentially 161 

a subsequent financial loss for sporting clubs (Hickey et al, 2014). Hickey et al, (2014) 162 

reported that an Australian football team estimated that hamstring injuries only could 163 

cost up to $245 ,842 per season, and increase of 71% from 2003. Due to the 164 

increasing prevalence of hamstring injury and the subsequent financial implication for 165 

teams, focus of hamstring research in the recent years has aimed at analysing the 166 

associated risks that predispose athletes to sustaining these hamstring injuries.  167 

Hamstring injuries can be classified as either non modifiable and modifiable (Liu et al, 168 

2012). Typically, non-modifiable risk factors associated with hamstring injuries are age, 169 

and a history of sustaining these types of injuries (Freckleton et al, 2013), whereas, 170 

modifiable risks factors are those that can be changed through training interventions 171 

which consist of fatigue, reduced eccentric strength, high-speed running load and 172 

flexibility (Wing et al, 2020). Evaluation of hamstring injuries has led to prevention 173 

programmes being developed that focus on eccentric hamstring strength, such as 174 

Nordic hamstring exercises (Seagrave et al, 2014, Van der Horst et al, 2017). 175 

Research has shown that when injury prevention programmes consist of NHE, injuries 176 

prevalence has reduced by 65% (Arnason et al, 2008), as well as a significant 177 

reduction of lost playing time (Seagrave et al, 2014). 178 



The hamstring muscle is a biarticular muscle complex consisting of 4 different 179 

muscles: the muscle long head, bicep femoris, semitendinosus and the 180 

semimembranosus. These muscles are responsible for both knee flexion and hip 181 

extension which is vital for physical activities such as sprinting, jumping and walking 182 

(Schoenfeld et al, 2010). Moreover, this highlights the importance for athletes to have 183 

a greater hamstring muscle strength and power as this reduces the risk of weakness 184 

of the hamstrings, low – hamstring to quadricep ratio and an imbalance of activation 185 

between the different hamstring muscles which are the main causes for injury 186 

(Schoenfeld et al, 2015). Two of the main muscles in the hamstring are the 187 

semitendinosus and the bicep femoris, the bicep femoris has a physiological cross 188 

area and an intermediate fascicle length compared to other muscles in the hamstring 189 

(Woodley et al, 2005). Meanwhile the semitendinosus a much thinner physiological 190 

cross composed of long fibrils, as well as a large number of sarcomeres (Kubota et al, 191 

2007). The semitendinosus is fusiform muscle which has long fibre lengths and a high 192 

number of sarcomeres which indicates the muscle may be well suited to produce 193 

strong eccentric contractions such as Nordic hamstring exercises (Guruhan et al, 194 

2021). Moreover, the semitendinosus has a greater sagittal plane movement than the 195 

other hamstring muscles in the knee due to its greater moment arm biomechanics 196 

(Lieber et al, 2002). Considering each muscle in the hamstring is biomechanically and 197 

anatomically distinct this means they are expected to have different activation profiles 198 

during exercises. Therefore, it’s important to have a greater understanding of the 199 

activation profiles of the different muscles to manage postinjury strengthening profiles, 200 

in addition to injury prevention programmes (Guruhan et al, 2021). 201 

Hamstrings are known to be the most prevalent muscle group to suffer a non-contact 202 

injury within sport, with an estimated overall injury incidence of 1.2-4 injuries per 1000 203 

hours of athlete exposure (Roe et al, 2016) and are responsible for 40% of muscle 204 

injuries within football (Askling et al, 2003). Injury intervention programmes which 205 

consist of eccentric training have been shown to have an effective reduction of injuries 206 

being sustained due to most muscles of low extremity occurring in the eccentric phase 207 

of the activity (Craddock et al, 2018). 208 

The main cause of a hamstring injury to be sustained is when there is an excessive 209 

strain in the eccentric phase instead of force and duration of activation, and that 210 

elongation speed, before the eccentric contraction can affect the severity of the 211 



hamstring injury (Guex et al, 2013) Furthermore, the likelihood to sustain a hamstring 212 

injury becomes high during the late swing phase, as the hamstrings perform an 213 

eccentric contraction to decelerate the extension. Leading on, this has been 214 

associated with a weak eccentric strength of the muscle which increases the risk of 215 

hamstring injury when performing at high-speed running (Croiser et al, 2002). 216 

 217 

1.2 Nordic Hamstring Exercises 218 

Nordic Hamstring exercises in the past has been referred as the “Russian Hamstring 219 

exercise” (Askling et al, 2007). This type of exercise is partner based and can be 220 

performed with minimal equipment. Nordic Hamstring exercises involve an individual 221 

attempting to resist a forward- falling motion from a kneeling position, whilst utilising 222 

the hamstring muscles to maximise loading in the eccentric phase (Saleh et al, 2016). 223 

Nordic hamstring exercises have been shown to be an effective method to increase 224 

eccentric hamstring strength, in addition to developing higher maximal peak eccentric 225 

hamstring strength torques in comparison to traditional hamstring curls (Mjølsnes et 226 

al, 2004, Cutherbert et al, 2020).  227 

When eccentric training is performed it causes a greater response compared to other 228 

training regimes, eccentric actions such as the Nordic hamstring exercise are more 229 

effective meaning a larger use of muscle strength with a low energy cost (Ekstrand et 230 

al, 2013). Moreover, utilising eccentric training causes an increase in muscle strength 231 

and size, in addition when eccentric loading is performed is promotes an increase in 232 

physiological working length on the muscle meaning it reduces sarcomeres to reach 233 

a critical length (Iga et al, 2012) 234 

Further research has shown that NHE have a greater adaptive response compared to 235 

concentric training when in relation to muscle strength and architecture (Cutherbert et 236 

al, 2020). Which can be explained as the differences in adaptations between types of 237 

contraction are a result of the different mechanisms utilised to generate force, with 238 

concentric actions occurring due to active shortening of the fascicles, meanwhile 239 

eccentric movements are due to the active lengthen occurring (Franchi et al, 2017). 240 

The slow eccentric contractions that occur in NHE provide a stimulus, whereby the 241 

myosin heads are already attached to actin and are forced to detach by lengthening 242 

the cross bridges which can cause muscle damage (Franchi et al, 2017). A previous 243 



study by Opar et al, (2012) showed when NHE were implemented into a training 244 

regime throughout the season, there was a 65% reduction in hamstring injury incidents 245 

compared to teams that did not incorporate into their training sessions, attributed to 246 

an increase in eccentric strength. The increase seen within the fascicle length has 247 

been suggested to shift the angle at which peak torque occurs when eccentric 248 

contractions of the hamstring muscles are being performed (Brockett et al, 2001), a 249 

key mechanism of NHE. When a change occurs in both optimal fascicle length and 250 

force peak angle it has been shown to allow the hamstring muscle to function more 251 

effectively with a greater range of motion without an overstretch of the muscle tendon- 252 

unit (Blazevich et al, 2007). Furthermore, due to torque production it enables an 253 

improvement towards angles of less knee flexion which has been shown to be a 254 

common risk factor for hamstring injuries (Brockett et al, 2001). 255 

Previous literature has shown that when NHE are performed there is an increase in 256 

muscle strength (Mjolnes et al 2004), there is minimal research that addresses the 257 

level of hamstring activation during performance of the NHE (Alt et al, 2023), (Van Der 258 

Tillar et al, 2017). Moreover, if the patterns of muscle activation during hamstring 259 

strength such as NHE were better characterised this would allow practitioners to better 260 

prescribe exercises for injury prevention programmes and rehabilitation sessions. In 261 

addition, the data found could enable a greater design on training programmes aimed 262 

at investigating chronic adaptations which are induced by different exercises such as 263 

the NHE.  264 

1.3 Attentional Focus 265 

Attentional focus in the content of exercise performance and sport, is referred to the 266 

process in which the athlete or performer allocates mental resources to stimuli, cues, 267 

or states (Neumann et al, 2019). Verbal encouragement and instruction have been 268 

extensively used in movement execution settings such as physical exercise 269 

movements associated with sports training, rehabilitation, and performance (Marchant 270 

et al, 2009, Selmi et al, 2023). Research has shown that emphasising such instructions 271 

can have a positive impact on an individual's attentional focus, in addition to the quality 272 

of their movements when in applied settings (Wulf et al, 2007). The study highlighted 273 

the importance of effective verbal instruction that is provided by practitioners and 274 

coaches when directing their clients. This research has been operationalized along 275 

the dimension of attentional direction, where attention is directed either internally 276 



directs their attention to bodily movements or sensations being produced during a 277 

movement such as technique or directs their attention away from their body and 278 

towards their desired movement outcomes such as goal targets (Wulf et al, 2001). 279 

When instructions are explained with an emphasis on external focus it has been 280 

suggested to have a greater positive effect than internally focused instructions in 281 

guiding learning and performance in a variety of tasks and skills such as standing 282 

balance (McNevin et al, 2003) and dart throwing (Marchant et al, 2007). Previous 283 

research by Wulf et al (2001) suggested when internal foci was utilised it causes the 284 

individuals to focus and consciously control their movements which cause constraints 285 

of the motor system, as well as disrupts automatic processes. Meanwhile, external 286 

focus directs the individual's attention towards the movement effect which enables an 287 

automatic process to control the movement in conjunction with the performance 288 

outcome being focused upon (Vance et al, 2004). 289 

Although there is a substantial amount of research which has explored the effects 290 

attentional focus has on an individual's learning and performance, there is limited 291 

research addressing it is use in strength and conditioning settings (Makaruk et al, 292 

2014). Previous studies have investigated how attentional focus has affected 293 

movements such as jumping (Wulf et al, 2009) and exercises such as plyometric 294 

(Makaruk et al, 2012). There is currently a limited amount of research which identifies 295 

how attentional focus effects eccentric movements which aims to perform peak muscle 296 

activation.  297 

 298 
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2.0 Literature Review 300 

2.1 Attentional Focus 301 

Attentional focus in sport performance is commonly referred to the process in which 302 

a performer allocates mental resources to stimuli, cues and states (Neumann et al, 303 

2019). Sport practitioners and coaches typically utilise verbal instructions and 304 

feedback to direct an athlete's attention, as well as improving performance and the 305 

learning process (Porter et al, 2010). When effective cueing is used, it must direct 306 

the focus on the attention to relevant information whilst performing motor skills 307 

(Starzak et al, 2024). An athlete’s attention can be directed into two different 308 

directions, by focusing on the body movement itself which would be regarded as an 309 

internal focus. Meanwhile when an athlete focuses on their movement in the 310 

environment this would be classed as an external focus (Starzak et al, 2024).  311 

In recent years there has been a body of research undertaken on motor skills and 312 

perception, in addition to the effect attentional focus has on performance and how a 313 

performer learning specific sport skills (Ford et al, 2005; Wulf et al, 2007). The 314 

attentional focus research has shown that a simple adaptation in the wording of 315 

instructions and feedback can have a significant impact on the learning and 316 

performance of a motor skill (Wulf et al, 2010). Furthermore, it has been indicated 317 

that instructing performers to focus on the effects of their actions, instead of their 318 

body movements have benefitted both learning and performance (Chiviacowsky et 319 

al, 2010; Lohse et al, 2010). Chiviacowsky (2010) found when the participants 320 

attempted to balance for as long as possible the instructions directing them to the 321 

external markers rather than their feet (internal) resulted in a more effective learning. 322 

The study showed the internal group balanced for 33% of their time, meanwhile the 323 

external group were balanced for 43% of the time showing a greater time when 324 

external instructions were given.  Practitioners within sport commonly utilise 325 

feedback or verbal instructions to effectively direct performers’ attention, as well as 326 

the learning process and enhancing performance (Porter et al, 2010).  327 

Previous research has shown when using psychological strategies such as attentional 328 

focus can influence a greater rate of performance when learning a new skill or exercise 329 

(Radcliffe et al, 2015). An external focus of attention is when attention is directed away 330 

from the athlete’s body and towards desired movement outcomes, which has been 331 



reported to have an enhanced effect on motor learning and control (Wulf et al, 2007).  332 

Meanwhile an internal focus of attention directs attention directs more to the bodily 333 

movements which have been suggested to be vital to an athlete performing a 334 

movement successfully (Wulf et al, 2007). A prospective study has suggested when 335 

internal focus is utilised it can have enhanced benefits in rehabilitation programmes 336 

and movements which are concerned with an increase in muscle activity despite the 337 

less successful movement (Hunt et al, 2017). 338 

When observing previous studies, Wolf et al, (1998) revealed the advantages of 339 

implementing an external focus in comparison to an internal focus when aiming to 340 

learn motor skills. When looking at external focus it consists of concentration on the 341 

intended effect of the movement such as the motion of implement such as tennis 342 

racquet, hitting a target such as a bullseye in darts, in addition an image such as 343 

pendulum type motion of a golf club (An et al, 2024). Meanwhile, an internal focus 344 

consists of a concentration on the body movements such as how an individual moves 345 

their wrists, hips and arms (An et al, 2024). When analysing the effect of attentional 346 

focus when performing a golf swing, a study undertaken by Bell et al, (2012) revealed 347 

when external focus was utilised there was a greater level of performance in relation 348 

to the accuracy and flight of the shot compared to when internal focus was used. 349 

Moreover, when looking at the effect attentional focus has on dart throwing it has been 350 

demonstrated external focus causes greater accuracy of the throw, particularly when 351 

the focus is more distal such as focusing on the bullseye rather than proximal such as 352 

the trajectory of the dart (Mckay et al, 2012). 353 

In the study undertaken by Wulf et al, (1998) the individuals learnt the balancing tasks 354 

more efficiently when an external que was given. Moreover, the subjects were 355 

informed to focus their attention on the wheels of a ski simulator which caused them 356 

to have more of an effective learning than the internal focus instructions to focus on 357 

their feet. Furthermore, in the 2nd experiment in within the study the participants were 358 

told to concentrate on keeping the markers in front of their feet when led to an 359 

increased balance learning compared to the internal instructions to keep their feet 360 

horizontal. These findings are in agreement with a comprehensive meta-analysis 361 

which confirmed the superiority of an external focus in comparison to an internal focus 362 

for both immediate performance and learning (Chua et al, 2021). In addition, this study 363 



revealed that the benefits that occurs when external focus is utilised is independent of 364 

health conditions, age, and the level of expertise an individual attains. 365 

When analysing the optimal theory of motor learning, an external focus has been 366 

shown to be one of three vital factors that influence the effectiveness of motor skill 367 

learning, as well as performance (Wulf et al, 2016). The other two factors that are 368 

proposed are autonomy support and enhanced expectancies for performance. When 369 

all three factors are present it has been suggested they contribute to the fluidity with 370 

which the proposed movement goal is transferred into action and also contribute to 371 

goal action coupling (Wulf et al, 2016). These results are similar to a study undertaken 372 

by Kal et al, (2013) which indicated an external focus not only enhances movement 373 

accuracy compared with an internal focus but also improves movement fluency which 374 

results in a greater neuromuscular efficiency (Greig et al, 2014). 375 

A potential explanation for a faster rate of motor skill learning for the participants as 376 

well as greater performance could be external focus may have positive motivational 377 

consequences.  Wulf et al, (2016) proposed "Movement success resulting from an 378 

external focus can cause an enhanced expectancy for future success". Therefore, this 379 

suggests by implementing an external focus over an internal focus it can result in an 380 

increased level of confidence due to a successful performance which could potentially 381 

lead to a virtuous cycle of good performance, which will then lead to an increase in 382 

self-efficacy (Wulf et al, 2016). The participants thoughts and feelings about future 383 

performance including self-efficacy expectations are a main focus of human motivation 384 

(Bandura et al, 1977). Furthermore, when external focus is implemented, this can 385 

increase the level of performance thus a greater expectation of performance which 386 

can cause additional benefits to motor skill learning and performance (Jenkins et al, 387 

2020). 388 

In this present study the aim was to see the feasibility of utilising more than one 389 

external instruction against no instructions given. Most studies have examined the 390 

utilisation of a single internal focus instruction with a comparable external focus 391 

instruction (Chua et al, 2021). However, the acquisition of a movement such as a jump, 392 

or a throw requires the attention of the individual to be direct at the proper movement 393 

form, in addition to the performance outcome. Moreover, it’s uncommon when trying 394 

to learn a new skill that only a singular instruction will be utilised. Therefore, by utilising 395 



more than one external attentional focus its suggested it will promote a greater 396 

progression when then Nordic hamstring exercise is performed. 397 

 398 

2.2 Nordic Hamstring Exercises  399 

Nordic hamstring exercises have been used in many sport training environments such 400 

as rugby union and football as a method of increasing eccentric hamstring strength 401 

which aims to reduce the incidence of hamstring injuries (Iga et al, 2012), (Small et al, 402 

2009). A Nordic hamstring exercise is a bodyweight only exercise, which requires the 403 

performer to lower their upper body towards the ground whilst at a kneeling position 404 

with a device or partner holding down their ankles which is known as the descent 405 

phase (Marshall et al, 2015). After this process the performer utilises their upper body 406 

to provide propulsion for returning to the starting position of the exercise which is 407 

known as the ascent phase (Marshall et al, 2015). The use of NHE is increasing in 408 

training environments as it doesn’t require any specialist equipment (Marshall et al 409 

2015).  410 

Nordic Hamstring exercises have become a popular strategy for hamstring injury 411 

prevention programmes in football players (Meurer et al, 2017). NHE has been shown 412 

to be an effective tool to increase eccentric hamstring strength, in addition to 413 

developing higher maximal eccentric hamstring strength torques compared to regular 414 

hamstring curls (Mijolsnes et al, 2004). Arnason et al, (2008) demonstrated when 415 

Nordic hamstring exercises were involved in a 10-week injury prevention programme 416 

it enhanced the eccentric knee flexor strength of football players. In the study five out 417 

the 10 Icelandic football teams and six of the 14 Norwegian teams utilised Nordic 418 

hamstring exercises in their strength training program as well as their warmups for the 419 

2002 football season. Arnason et al, (2008) revealed there we no hamstring injuries 420 

reported during eccentric strength training, in addition to hamstring strains were 65% 421 

lower among the teams that utilised eccentric exercises compared to the teams that 422 

did not use the program. In addition to this, research conducted by Lovell et al (2018) 423 

and Ishoi et al, (2018) revealed when Nordic hamstring exercises were incorporated 424 

into the injury prevention programme it caused a positive strength response with the 425 

football players involved. According to a meta- analysis conducted by Al Attar et al 426 

(2018) training programmes that utilise Nordic hamstring exercises reduce the rate of 427 



injuries by 51% for football players from different competitive levels, which supports 428 

the inclusion of this type of exercise in injury prevention programmes. The muscular 429 

strengthening provided by Nordic hamstring exercises is one of the main mechanisms 430 

responsible for the reduction in hamstring injury strains in football (Marshall et al, 431 

2015). 432 

A study undertaken by Petersen et al, (2011) conducted a strength and condition 433 

programme for amateur footballers which consisted of Nordic hamstring exercises 434 

which decreased the rate of new and recurrent hamstring injuries by 60% and 80%. 435 

These findings are further supported by Van Der Horst et al, (2015) which examined 436 

hamstring injuries in amateur football players aged 18-40 years in which they added 437 

Nordic hamstring exercises to an experimental group whilst a group performed their 438 

regular training routine. The study found when this was performed over 13 weeks there 439 

was a significantly lower hamstring injury incidence in the experimental group than the 440 

group that was undertaking the normal training regime. 441 

2.3 Hamstring Muscle Activation  442 

Electromyography (EMG) is well used tool for non-invasive assessment of muscle 443 

function that consists of recording and quantifying the electrical activity associated with 444 

contracting skeletal muscle fibres (Beck et al, 2005). EMG recordings have a variety 445 

of clinical and biomedical applications that can be utilised t0 examine factors relating 446 

to motor control strategies associated with force production as well as neuromuscular 447 

fatigue. The amplitude contents of EMG signal enable information related to muscle 448 

activation to be provided and are influenced by the level of motor unit recruitment, 449 

synchronisation and firing rate (Basmakian et al, 2014). 450 

There have been several studies that have investigated how muscle activation is 451 

affected in the hamstrings when performing different leg movements such as Nordic 452 

Hamstring exercises. However, there’s still a lack of evidence to show the proposed 453 

effectiveness that Nordic hamstring exercises have for preventing hamstring injuries 454 

which compare the differential level of muscle activation in the hamstring muscles 455 

throughout the open knee angles (Monjati et al, 2017).  Previous research undertaken 456 

by Ditrolio et al, (2013) revealed there was a higher amount of muscle activation in the 457 

bicep femoris during Nordic hamstring exercises compared to a traditional maximal 458 



eccentric exercise. In this study the Bice femoris was the only hamstring muscle 459 

analysed. 460 

Moreover, a study undertaken by Marshall et al, (2015) reported there was a significant 461 

decrease in bicep femoris muscle activation but an increase in semitendinosus during 462 

6 sets of 5 repetitions when Nordic hamstring exercises were performed by football 463 

players. Following on, Zebris et al, (2013) found when comparing Nordic hamstring 464 

exercises to the glider exercise muscle activation was significantly higher. The study 465 

found when the Nordic hamstring exercise is performed the movement across the 466 

knee joint causes a greater muscle activation in the semitendinosus compared to the 467 

bicep femoris, which is consistent with another previous study (Bourne et al, 2016). 468 

2.3.1 Nordic Hamstring Exercises and Muscle Activation  469 

Nordic Hamstring exercises are a field-based exercise with a focus on eccentric action 470 

of knee flexor muscles (Brockett et al, 2001). A study undertaken by van Dyk et al, 471 

(2019) which utilised a female and male football team revealed when Nordic Hamstring 472 

exercises were implemented in a pre-training programme this reduced the hamstring 473 

injury rates by half. This preventive measure is related by an increase in muscle 474 

activation in the hamstrings which as there was an increase in fascicle length, as well 475 

as eccentric knee flexor strength (Medeiros et al, 2020). Likewise, a pre training 476 

programme that was conducted for 12 weeks that included Nordic hamstring exercises 477 

decreased injury risk by 82% for all lower limbs' injuries (Al Attar et al, 2017). The study 478 

had similar results which showed an increase in muscle activation in the hamstrings 479 

which led to an increase in eccentric muscle strength, as well as an increase in muscle 480 

length. 481 

Furthermore, a more recent study undertaken by Elerian et al, (2019) measured 34 482 

active male footballers that utilised Nordic hamstring exercises within the pre- training 483 

programme. The results from the study had comparable results to the previous two 484 

studies as it indicated a greater muscle activation than the control that did their usual 485 

training regime. The research indicated the players that performed Nordic hamstring 486 

exercise had a higher eccentric strength which meant the players could withstand the 487 

high lengthening force on muscle fibres (Van Hooren et al, 2017). However, there is 488 

still a limited amount of research into the use of Nordic Hamstring exercises in pre 489 

training regimes, therefore more research is needed comparing the effect of Nordic 490 



hamstring exercises has on muscle activation compared to concentric hamstring 491 

exercise in injury prevention programmes.  492 

Although Nordic Hamstring injuries have been shown to elicit adaptations that reduce 493 

the risk of a hamstring injury, however the compliance of Nordic hamstring exercises 494 

in professional football teams are low despite a high occurrence of hamstring injuries 495 

in football. A reason for low compliance in football teams could be due to the high 496 

dosages that are prescribed in the interventions that have been conducted. Moreover, 497 

in professional football for men, fewer than one fifth of team's report being compliant 498 

with the hamstring injury prevention programme that consists of NHE (Bahr et al, 499 

2015), (Chesterton et al, 2021).  Many teams utilise a programme of a shorter duration, 500 

in addition to lower training volume which facilitates the implementation in the busy 501 

periods of the season (Amundsen et al, 2022).  502 

2.3.2 Attentional Focus and Muscle Activation  503 

Attentional focus is a well-known aspect of motor learning and has been shown to 504 

have implications to the fitness professional. Research has indicated that 505 

performance-oriented tasks are enhanced when external focus of attention is adopted 506 

by an individual (Schoenfeld, 2016). Wulf et al (2007) analysed over 50 studies which 507 

represented more than 90% of the studies showed superior movements in motor 508 

learning with the participants used an external focus compared to an internal focus. In 509 

addition, the studies highlighted there were additional benefits seen across a variety 510 

of outcome measures and activities which lends strong support for the utilisation of 511 

external focus when the aim is to enhance performance (Schoenfeld, 2016).  512 

When evaluating resistance training, the performance- based superiority of an external 513 

focus has contributed to an enhanced economy of movement which has been 514 

associated with a greater force production, however it has been shown to reduce 515 

muscular activity (Marchant et al, 2009). This can be explained as the study did not 516 

record the EMG of the triceps, meanwhile previous research demonstrated associated 517 

increases in EMG activity in the triceps is in correlation with the bicep EMG activity 518 

when an internal attentional strategy is utilised. Therefore, such effects show an 519 

interference between the agonist and antagonist muscle groups during such 520 

movements (Vance et al, 2004). Moreover, a more economical movement pattern has 521 

been shown to facilitate a better skill acquisition, and it may not enhance muscle 522 



development (Schoenfeld, 2016). When the target for the individual is to have a 523 

greater muscle activation, indirect evidence has suggested internal focus may be the 524 

best method for this. When athletes perform strength training it has been suggested 525 

there is an importance of developing a “mind muscle connection” when training 526 

(Marchant et al, 2009). Therefore, this method utilises internal focus which consists of 527 

visualizing the target muscle, whilst directing the neural drive to the muscle when the 528 

athlete is performing the movement. A number of studies have revealed a greater 529 

muscle activation when participants were coached to use an internal focus of attention 530 

(Wolf et al, 2007; Lewis et al, 2009; Karst et al, 2004; Schoenfeld, 2016). 531 

A study undertaken by Lewis et al, (2009) suggested when young women were 532 

instructed to adapt an internal focus, they were able to achieve a greater mean EMG 533 

activity of the gluteus maximus when performing a hip extension. The instruction 534 

utilised in the study was “use your gluteal muscles to lift your leg whilst keeping your 535 

hamstring muscles relaxed”. Following on from this, the timing of the muscle activation 536 

was altered so the gluteus maximum of the participants was activated significantly 537 

earlier during the hip extension. Likewise, a study undertaken by Bressel et al, (2009) 538 

showed that peak EMG amplitude and were increased significantly in the abdominal 539 

musculature as the participants were told to “brace themselves as they were going to 540 

punched in the stomach” when performing a squat. The evidence shown, suggests 541 

when performing a singular movement such as the Nordic Hamstring exercise that an 542 

internal focus approach will enhance muscle activation than if no instructions or an 543 

external focus was implemented. 544 

3.0 Aims and Hypothesis   545 

 546 

3.1 Aims  547 

The aim for this present study was to investigate the influence attentional focus 548 

instructions have on muscle activation when performing a Nordic Hamstring exercise, 549 

addressing the utility of attention focus cues on an exercise setting. This study aims 550 

to evaluate whether utilising external focused instructions can be beneficial to enable 551 

muscle activation to be more efficient which was previously stated by Vance et al, 552 

(2004). In, addition, an aim of the study was to evaluate whether attentional focus 553 

would affect the angle at which muscle activation was highest. 554 



 555 

3.2 Hypotheses 556 

The hypothesis of the study is when the activation of the hamstring occurs it will be 557 

the greatest when Nordic hamstring exercises are performed at the more extended 558 

knee joint positions. Moreover, when the attentional focus conditions are utilised prior 559 

to each Nordic Hamstring exercise the muscle activation will be higher than the 560 

controlled condition where no verbal instructions have been provided. 561 

  562 



4.0 Methods 563 

 564 

4.1 Participants  565 

 566 

Twelve physically active recreational male football players (age: 25, ± 3 years) 567 

participated in this study (characteristics in table 1). Participants were excluded from 568 

the study if they had sustained a lower limb injury in the previous six months, or if they 569 

had any feeling of muscle illness or pain that could reduce their effort in performing 570 

the Nordic Hamstring exercise.  The participants in the study were asked to refrain 571 

from any lower body strength training during 48 hours before testing to ensure that the 572 

participants did not have the risk of fatigue. Participants provided full informed consent 573 

and completed a health screening questionnaire prior to commencement of the 574 

session.  575 

 576 

Table 1: Characteristics of Participants 577 

Age (Years) 25 ± 3 

Height (CM) 1.78 ± 0.08 

Body Mass (KG) 84.87 ± 11.84 

Body mass index (kg/m2) 26.67 ± 3.41 

Data is presented as mean ± SD 578 

 579 

4.2 Study Design 580 

The study implemented a multimodal design with some observational analysis to 581 

assess the primary aim along with a repeated measures design to assess the 582 

secondary aim. The observational component assessed the knee angle associated 583 

with maximal hamstring muscle activation during the performance of Nordic Hamstring 584 

Exercise. The secondary repeated measures component then explored how different 585 

attentional focus (three levels: neutral, external upright posture, and external muscle 586 

contraction) can affect hamstring muscle activation during the Nordic Hamstring 587 

Exercise.  This study involved 2 study visits each lasting approximately 2 hours.   588 

 589 



4.3 Experimental Protocol  590 

The participants were required to attend the strength and conditioning suite at Leeds 591 

Trinity University on 2 occasions separated by a minimum of 24 hours. Participants 592 

were required to refrain from consuming ergogenic supplements, in addition to alcohol 593 

24 hours before the main trail commenced. The participants were informed to not 594 

perform strenuous exercises for the lower body 24 hours prior to the main trial taking 595 

place.  596 

 597 

4.3.1 Visit One 598 

On arrival at the strength and conditioning suite the study was explained in detail, and 599 

participants were offered the opportunity to ask any questions. Participants then 600 

provided written informed consent. Following this body mass and stature were 601 

recorded (See section 4.4.1).  602 

 603 

Participants were then setup for EMG and video analysis, with relevant markers and 604 

electrodes placed in situ (as per the details below). Once the participant was ready, 605 

they were asked to undertake a standard RAMP protocol warm up (See 4.4.2) and 606 

then they were asked to complete a maximal voluntary contraction (MVC) which was 607 

used to normalise the main trial data (as per the details below). The participants then 608 

conducted the Nordic Hamstring Exercise protocol (as detailed below) and electrical 609 

activity of the bicep femoris and semitendinosus, as well as the angular displacement 610 

of the knee joint of the dominant subject leg were recorded for subsequent later 611 

analysis. The first set of Nordic Hamstring Exercises that were conducted as a 612 

familiarisation to the protocol, this was included to prevent a learning effect being 613 

present which could affect the main trial results, as well as allowing the study to 614 

maintain validity (Currell et al, 2008). As there we no requirements in the study for 615 

participants to have experience in performing Nordic Hamstring exercises, it was vital 616 

they have an opportunity to become familiar with the exercises before main trial testing 617 

had begun. Following a rest period, participants then completed their first set of 618 

experimental Nordic Hamstring Exercises (each participant was randomly allocated to 619 

a set of attentional conditions per trial to eliminate order effect, explained below).  620 

 621 



4.3.2 Visit Two 622 

Following a minimum period of 24 hours, participants revisited the strength and 623 

conditioning suite at Leeds Trinity University to undertake the remaining 2 attentional 624 

focus sessions. Participants were asked to attend this session in the same state that 625 

the attended visit one.  626 

Participants were then setup for EMG and video analysis (detailed below), with 627 

relevant markers and electrodes placed in situ. Once the participant was ready, they 628 

were asked to undertake a standard RAMP protocol warm up and then they were 629 

asked to complete an MVC. The participants then conducted their second set of Nordic 630 

Hamstring Exercises and electrical activity of the bicep femoris and semitendinosus, 631 

as well as the angular displacement of the knee joint of the dominant subject leg were 632 

recorded for subsequent later analysis. Following a rest period, participants then 633 

completed their final set of experimental Nordic Hamstring Exercises.  634 

 635 

On completion of this trial participants completed a post experimental manipulation 636 

questionnaire which consisted of them being asked the following items: (a) To what 637 

extent were you focused on the movements of any part of your body (e.g., legs, torso, 638 

arms, hands or head) as you executed your Nordic Hamstring exercise? (b) To what 639 

extent were you focused on your hamstring muscle contraction as you executed your 640 

Nordic Hamstring exercise? (c) To what extent were you focused on maintaining an 641 

upright posture as you executed your Nordic Hamstring exercise? Responses to all 642 

manipulation check questions were provided via a Likert scale ranging from 1 (not at 643 

all) to 5 (very much so). 644 

 645 

The participants were randomly allocated into one of three different subgroups 646 

regarding attentional focus. The first study visit occurred 24 hours before the second 647 

experimental study visit (visit 2), which involved a familiarisation session. The 648 

familiarisation session was included to prevent a learning effect being present which 649 

could affect the main trial results, as well as allowing the study to maintain validity 650 

(Currell et al, 2008). As there we no requirements in the study for participants to have 651 

experience in performing Nordic Hamstring exercises, it was vital they have an 652 

opportunity to become familiar with the exercises before main trial testing had begun. 653 

 654 



4.4 Experimental Procedures 655 

 656 

4.4.1 Anthropometric measures 657 

 658 

The participant's standing height was measured using HM200P stadiometer (Charter 659 

Electronic Co, LTD, Taichung, Taiwan). To record measurements of the participant’s 660 

height they were instructed to stand with their back, buttock and heels against the 661 

stadiometer, which was checked to ensure this was completed correctly by the 662 

researcher. The stadiometer headboard was lowered onto the top of the participants 663 

head compressing their hair. Following on, the height was measured to the nearest 664 

0.1cm. The participant’s body mass was measured using a Seca- digital floor scale 665 

(Seca, LTD, Birmingham, UK) to the nearest 0.05kg. The measurements for both 666 

body mass and height were made with the participants wearing light sportswear and 667 

without wearing shoes. 668 

4.4.2 RAMP Warm Up 669 

 670 

The participants completed a standardised warmup which consisted of a ten-minute 671 

submaximal cycle at an intensity of 10-12 on the RPE scale. Once completed the 672 

participants performed 8 repetitions of dynamic stretching exercises which included 673 

legs swings, hip curls and backward and side hip bending followed by 10 repetitions 674 

of strength body weight exercises consisted of heels rises, squats, jack-knife sit ups, 675 

hip bridges, and hip extensions (Sarabon et al, 2019).   676 

 677 

4.4.3 Electromyography (EMG)   678 

Surface Electromyography (EMG) was utilised within this study which is the recording 679 

of electrical activity in the skeletal muscle.  680 

 681 

4.4.3.1 Electromyography Acquisition  682 

Prior to the placement of the electrodes, the site was prepared by removing excess 683 

hair to avoid physical interference of the ionic exchange and reduce background noise, 684 

similar to methods recommended by Delsys (Konrad et al, 2006, Reaz et al, 2006). 685 

Once this process has been completed, the participant’s dominant leg was fitted with 686 

wireless surface EMG sensors (Delsys Trivingo Avanti). The EMG sensors were 687 



placed upon the bellies of the bicep femoris and semitendinosus muscles of the 688 

dominant leg via palpitation of the relevant muscle groups. The sensors were placed 689 

on the participant’s leg with an interelectrode distance of 2cm in accordance with 690 

SENIAM (Surface ElectroMyoGraphy for the Non-Invasive Assessment of Muscles). 691 

The electrodes were placed parallel to the longitudinal axis of muscle fibres on the 692 

participant’s contracted muscle taking muscle migration during the exercise into 693 

consideration. The sites selected were the midpoint on the line between ischial 694 

tuberosity and the medial epicondyle of the tibia for the semitendinosus.  While the 695 

other electrode was placed on the midpoint on the line between the ischial tuberosity 696 

and the lateral epicondyle of the tibia.  697 

The EMG system was run at a sampling rate of 2000Hz over a wireless network, 698 

connected to a host laptop for real-life time display, as well as storage of the results 699 

for data analysis. The signals of the sensor were amplified with a low pass frequency 700 

of 20hz and a high pass frequency of 400hz with a common mode rejection ratio of 92 701 

dB. The filtering frequency limits were based on the recommendations of DeLuca et al 702 

(2010) to limit any intrinsic and extrinsic noise which could affect the signal.   703 

 704 

4.4.3.2 EMG data processing 705 

 706 

When the data was collected, the EMG data was analysed using Delsys EMGworks 707 

analysis. The EMG data from the movement of the Nordic Hamstring exercise were 708 

put through an amplitude analysis which rectified the raw EMG signal and converted 709 

all negative amplitudes into positive amplitudes which provided a data set that mean 710 

values were taken from instead of having a raw signal with a mean of 0. Therefore, 711 

this showed the peak amplitude of muscle activation for each repetition the participant 712 

performed. Following on, the data analysis was to filter the data using a Butterworth 713 

filter with a 5 Hz cut off frequency, as well as a band pass filter as this was most 714 

suitable for the data. Therefore, this enabled RMS analysis to be undertaken using an 715 

MVIC trial which normalised the data, which resulted in the data to be displayed as a 716 

percentage instead of volts which enabled a comparison between participants to 717 

occur. The signals were smoothed by utilising a low frequency Butterworth filter, with 718 

a 5 Hz cut-off frequency (Bartlett et al, 2007). Furthermore, the participants performed 719 

five repetitions of Nordic hamstring exercises for two sets. The joint torques were 720 



calculated using a (2D) inverse dynamic model which will be built with a segmental 721 

method (Winter et al, 2009). This generated the EMG outcome variables.  722 

 723 

4.4.3.3 Electromyography analysis  724 

 725 

Following the collection of the EMG during the main procedures, each electromyogram 726 

had its mean offset subtracted to limit any contamination which could have been 727 

caused by background noise. In addition, each graph was analysed for any further 728 

sign of contamination such as motion artifacts and crosstalk. These methods that were 729 

utilised were in accordance with previous research (DeLuca, 2010, Halaki et al, 2012). 730 

If a motion artifact appeared which typically occurs during EMG acquisition as stated 731 

by De Luca et al, (2010), then the false peak was cropped out of calculation window, 732 

meaning it was ignored during the assessment of peak muscle activation. In the study 733 

EMG peak was utilised, as motion artifacts were manually ignored instead of using 734 

moving averages which have been shown by Konrad et al (2006) to be at a higher risk 735 

of contamination of motion artifacts.  736 

 737 

4.4.4 Two- Dimensional Video Analysis 738 

 739 

4.4.4.1. Camera set up 740 

 741 

Two- dimensional (2D) video analysis was utilised to establish the knee angle of the 742 

dominant leg at the point of maximum muscle activation. A Casio EX- ZR700 was used 743 

to record the movement. The camera was placed at side of the participant’s dominant 744 

leg and was positioned parallel (90 degrees) to the movement frame to avoid distortion 745 

or error in video processing. The frame rate used for the camera was 240 fps, 746 

meanwhile the sampling rate was 1/1000. 747 

 748 

4.4.4.2 Video preparation 749 

Each participate was required to wear 3 limb markers throughout the protocol. These 750 

were placed on the knee (lateral condyle of tibia), the hip (greater trochanter) and the 751 

ankle (lateral malleoli), to allow for joint angle of the knee to be determined. The 752 

participants were required to wear sports clothing such as shorts which enabled 753 



access to the relevant joint centres. If the participants could not wear shorts, then tight-754 

fitting clothing was used if it did not distort the marker from the true limb movement.  755 

 756 

4.4.4.3 Video data processing 757 

 758 

The collected video files were uploaded into the Dartfish 22 analysis software 759 

(Dartfish, Switzerland). The knee angle was measured at the time point of peak muscle 760 

activation which was determined by the start of the movement when the knee starts to 761 

bend, and it ended when the participant’s hands made contact with the ground which 762 

is typically between 6-10 seconds. Furthermore, the hip, knee, and ankle markers to 763 

create the outcome variables. This was repeated for each of the participant dominant 764 

leg muscles for each Nordic Hamstring Exercise. 765 

 766 

4.4.5 Maximum Voluntary Isometric Contractions 767 

 768 

Maximum Voluntary Isometric contraction (MVIC) is a standardised, objective, and 769 

sensitive tool for the measurement of muscular strength (Meldrum et al, 2007). A MVIC 770 

is a used commonly in research as a reference point for EMG amplitude and for force 771 

production (Burden et al, 2010). This method monitors levels of isometric strength and 772 

was utilised to identify maximal voluntary muscle activity to normalise EMG data. 773 

 774 

An MVIC for the participant’s hamstrings were performed following the warmup (see 775 

section 4.4.2). The MVIC that was utilised, required the participants to lie face down 776 

on the floor whilst pulling as hard as they could with their dominant leg on a tightened 777 

ratchet that was attached to an immoveable structure at 130-degree flexion. The 778 

contractions were performed with an adjustable dynamometer (Konrad, 2006).  Each 779 

participant performed preparation contractions at 50% and 75% of their maximal effort, 780 

before performing a 5 second maximal contraction. One repetition for the MVIC was 781 

performed, where verbal encouragement was provided throughout the however no 782 

attentional focus was utilised. The MVIC for the participants were obtained on both 783 

days of testing to ensure a suitable baseline recording could be gathered.  784 

 785 

4.4.6 Nordic Hamstring Protocol  786 

 787 



The following protocol was used for this specific study, based upon the method utilised 788 

by Mjolsnes et al, (2004). The participants started the exercise in a knelt position while 789 

securing their legs by the ankle. After the participant began to lean forward at the 790 

knees whilst maintaining their hip joint in an extended position. Participants were told 791 

to resist the falling motion for as long as possible by engaging their hamstring muscles. 792 

However, if a participant couldn’t do this then they were told to maintain the tension in 793 

their hamstrings even if they were falling or had fallen. The participants were then 794 

asked to utilise their hands to both break their fall and return their torso to the starting 795 

position which aimed to minimise the concentric contraction of the hamstring during 796 

the movement.  First the participants performed an identical exercise protocol to the 797 

one that will be used within in the study. This gave the participants an exposure to the 798 

perform the Nordic hamstring exercise to enable them to become familiar with the 799 

technique which enabled the study to be valid and prevent a learning effect (Currell et 800 

al, 2008). Once completed the main protocol was measured and performed for 3 sets 801 

of 5 repetitions. There were 10 minutes seated rest period between sets.  During each 802 

set, participants undertook 1 of the attentional foci activities (as described above).  803 

 804 

4.4.7 Attentional focus 805 

 806 

The respective attentional foci were induced via explicit instruction (Bell and Hardy, 807 

2008). The content of the experimental treatment package differed across focuses 808 

groups.  The explicit instructions were drawn heavily from Wulf et al, (2000), whereby 809 

the participants were asked to concentrate on one specific aspect of skill execution. In 810 

addition, the intervention package borrowed heavily from Beilock et al, (2002), where 811 

attempts were made to induce attentional foci by posting pertinent questions during 812 

the testing phase.   813 

 814 

Each participant undertook 3 attentional focus conditions (described in 4.4.7.1), these 815 

were randomly assigned to an order for each participant to ensure that there was no 816 

order effect. On visit 1 participants completed 1 condition with the remaining 2 817 

conditions completed on visit 2.  818 

 819 



4.4.7.1 Attentional Focus Conditions 820 

 821 

4.4.7.1.1 Neutral Condition 822 

 823 

During this condition, no coaching instructions were given, allowing the participants to 824 

perform a neutral attention (Wulf et al, 2013). The participants were informed of the 825 

purpose of the exercises, although they were instructed to perform the exercise as 826 

hard possible.  827 

 828 

4.4.7.1.2 External focus condition - Contraction of Muscle 829 

 830 

During this condition, participants were explicitly instructed to focus on contraction of 831 

hamstring muscles when undertaking the Nordic Hamstring Exercises. Participants 832 

within this group were also asked to repeat the phrase hamstring muscle activation 833 

further promote an external focus. They were reminded of these instructions after 834 

every third rep.  835 

 836 

In accordance with recommendations from Beilock et al. (2002), once participants had 837 

completed their external focus condition, they were asked on a scale of 1 (not at all) 838 

to 5 (very much so) “to what extent did you focus on hamstring muscle activation during 839 

that exercise?” 840 

 841 

4.4.7.1.3 External Focus Condition – Upright Posture 842 

 843 

During this condition, participants were explicitly instructed to focus on maintaining an 844 

upright posture when completing the Nordic Hamstring Exercise. In addition, 845 

participants were asked to repeat the phrase maintain posture. They were reminded 846 

of these instructions after every third rep.  847 

 848 

Once participants had completed their external focus condition, they were asked on a 849 

scale of 1 (not at all) to 5 (very much so) “to what extent did you focus on maintaining 850 

an upright posture during that exercise?” 851 

 852 



4.4.7.2 Post Experimental Manipulation Check   853 

 854 

As per Bell & Hardy (2008), participants were asked three specific questions designed 855 

to assess use of the respective attentional foci during task execution. More precisely, 856 

all participants answered the following items:  857 

(a) To what extent were you focused on the movements of any part of your 858 

body (e.g., legs, torso, arms, hands, or head) as you executed your Nordic hamstring 859 

exercise?  860 

(b) To what extent were you focused on hamstring muscle contraction as you 861 

executed your Nordic hamstring exercise?  862 

(c) To what extent were you focused on maintaining an upright posture as you 863 

executed your Nordic hamstring exercise?  864 

Responses to all manipulation check questions were provided via a Likert scale 865 

ranging from 1 (not at all) to 5 (very much so).  866 

 867 

4.5 Data Analysis 868 

 869 

Once the outcome variables were measured and they were analysed using SPSS 870 

(IBM, SPSS). All descriptive statistics were calculated and presented as mean ± 871 

standard deviation (SD). Prior to any formal analysis the statistical assumptions for 872 

normality and homogeneity of variance were assessed. Following this the primary 873 

outcome, assessing the association between maximal hamstring muscle activation 874 

and knee angle was assessed using a paired sample analysis.  In addition to this the 875 

effect of attentional focus on maximal hamstring activation (across 3 levels) was 876 

assessed using a repeated measures ANOVA analysis with a Bonferroni adjustment. 877 

Mean differences were presented with adjusted 95% confidence intervals (CI) with 878 

significance being assessed at P <0.05. As part of this analysis, the association 879 

between the post experimental manipulation check and maximal hamstring muscle 880 

activation was assessed using linear regressions to assess how the quality of the of 881 

the attentional focus manipulation affect.  882 

  883 



5.0 Results  884 

5.1 Attentional Focus on Muscle Activation  885 

The results of the effects of attentional focus strategy of had on the three kinetic 886 

variables are reported in figures 5.1, 5.2, 5.3. The post manipulation check is reported 887 

in figure 4. There were no significant differences for peak muscle activation during the 888 

three attentional focus conditions for the bicep femoris (p=0.88). In addition to this, 889 

there was no significant differences for peak muscle activation during the three 890 

conditions for the semitendinosus (p=0.55). All three conditions had no significant 891 

difference for the bicep femoris with external focus = 38.49 ± 9.94 EMGpk External 892 

focus muscle contraction = 38.67 ± 8.18 EMGpk and the Neutral group = 37.55 ± 9.35 893 

EMGpk When looking at the semitendinosus, again there was no significance with the 894 

three attentional focus conditions, External focus upright posture= 51.89 = ± 10.38 895 

EMGpk, External focus muscle contraction = 49.27 ± 7.56 EMGpk and the Neutral 896 

group = 49.66 ± 10.28 EMGpk. 897 

 898 

 899 

Figure 1: The effects of attentional focus strategy on peak muscle activation 900 



 901 

5.2 Attentional Focus on Joint Angle  902 

When utilising pairwise comparisons this revealed there was no significant difference 903 

for the joint angle when peak muscle activation occurs for all three attentional focus 904 

conditions for the bicep femoris (p=0.79). Following on, from this when using pairwise 905 

comparisons this showed there no significant different for the joint angle when peak 906 

muscle activation occurs for all three attention focus conditions for the semitendinosus 907 

(p=0.67). The results revealed there no significant difference for all three attentional 908 

focus conditions for the bicep femoris, Neutral group =102. 71 ± 5.48°, External group 909 

= 103.72 ± 4.71° and the Internal group = 103.16 ± 7.23° This was similar with all three 910 

conditions for the semitendinosus, Neutral group = 103.16 ± 5.36°, External group = 911 

104.27 ± 5.05°, Internal group = 103.55 ± 5.48°  912 

 913 

 914 

 915 

Figure 2: The effects of attentional focus strategy on peak joint angle 916 

5.3 Order Effect of Muscle activation  917 

When analysing the data there was no significant difference between the three 918 

conditions for the order effect (p=0.31).  919 



 920 

 921 

Figure 3: The order effect of muscle activation on the attentional focus conditions 922 

 923 

5.4 Attentional Focus Manipulation   924 

All the participants within the study reported to what extent they had completed the 925 

task (Nordic Hamstring exercises) as the combined attention –oriented intervention 926 

package outlined. In addition, the participants were asked three specific questions 927 

designed to assess the use of the respective attentional foci during Nordic Hamstring 928 

exercises. The participants answered the following questions after the five repetitions 929 

of each condition and the responses to all the manipulation check questions were 930 

provided by via the Likert scale ranging from 1 (not at all) to 5 (very much so). 931 

Table 4: Mean responses to question of the post experimental manipulation check 932 
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QUESTION  

SCORE 

 

    

SCORE 

TO WHAT EXTENT WERE YOU FOCUSED ON THE MOVEMENTS OF ANY 

PART OF YOUR BODY? (E.G., LEGS, TORSO, ARMS, HANDS OR HEAD) AS 

YOU EXECUTED YOUR NHE? 

3.83 ± 

1.03 



Results presented as mean ± standard deviation. 933 

  934 

TO WHAT EXTENT WERE YOU FOCUSED ON HAMSTRING MUSCLE 

CONTRACTION AS YOU EXECUTED YOUR NHE? 

3.92 ± 1 

TO WHAT EXTENT WERE YOU FOCUSED ON MAINTAINING AN UPRIGHT 

POSTURE AS YOU EXECUTED YOUR NHE? 

3.58 ± 

0.51 



6.0 Discussion 935 

6.1. Study Aims and Findings 936 

6.1.1 Aims 937 

The purpose of this study was to test two competing focus of attentional focus theories 938 

proposed by Beilock et al, (2004) and Wulf et al, (2001) utilising young active adults 939 

performing Nordic Hamstring exercises. The main aim of the study was to observe the 940 

influence attentional focus instructions had on muscle activation when performing a 941 

Nordic Hamstring exercise, whilst addressing the utility of attention focus cues on an 942 

exercise setting. In addition, the study aimed to evaluate whether utilising external 943 

focused instructions can be beneficial to enable muscle activation to be more efficient 944 

as previously proposed by Vance et al, (2004). Moreover, the study aimed to see if 945 

attentional focus cues effect the angle at which muscle activation was greatest. For 946 

this to occur, each participant completed three trials of the prescribed task under each 947 

of the three conditions (i.e., external, internal and neutral) which totalled 15 trials per 948 

person. Based on the findings of Wolf et al, (2001) the study predicted that directing 949 

external attentional focus rather than minimal instructions given would cause a greater 950 

muscle activation when performing Nordic Hamstring exercises compared to 951 

performing this in a neutral condition.   952 

6.1.2 Findings   953 

The results of the research do not support the hypothesis predicted by Wolf et al, 954 

(2001) which proposed that adopting an external focus que should elicit results that 955 

are superior to trials that were performed in the control group. Many of the trials 956 

performed failed to demonstrate a robust effect of the external focus which is 957 

inconsistent when previous research (Ducharme et al, 2016; Porter et al, 2010). This 958 

could be explained by the order effect as the attentional focus conditions were 959 

implemented in the research, a randomisation process was undertaken where the 960 

three focus conditions were randomly assigned to enable an unbiased comparison of 961 

the three focus conditions. Moreover, it suggests the participants performed the 962 

exercise more frequently, leading them to become more familiar with the testing 963 

environment which could have affected the different conditions (Milley et al, 2021).  964 



In a study undertaken by Cerrah et al, (2014), muscular activation differences between 965 

amateur players and professional football players were assessed when performing a 966 

countermovement jump, revealing that  the professional footballers had a greater 967 

muscle activation than the amateur players due to a greater knee flexor and stronger 968 

hamstrings when performing the countermovement jump and suggested this was due 969 

to the professional players having a greater exposure to the exercise. When analysing 970 

the data it revealed when the participants were taking off to jump there is when peak 971 

muscle activation occurred for the bicep femoris in both groups. However, in the take 972 

off stage the professional players had an average of 20% MVIC meanwhile the 973 

amateur players recorded 12-15% MVIC which shows a higher result for the 974 

professional players. Therefore, this can explain why the muscle activation in the third 975 

trials were higher as they had previously performed the Nordic Hamstring exercise 976 

which caused the participants to be more familiar with the technique of the exercise. 977 

Although there was no significant difference with muscle activation (as seen in Figure 978 

1) in the three conditions the post task questionnaire provides an insight into the 979 

participant’s experiences of the instructions that were provided in table 4. The three 980 

types of attentional focus utilised did not influence the physical demands or levels of 981 

perceived mental during the exercise. However, the external muscle instructions were 982 

rated higher compared to the neutral group, within post manipulation checks, 983 

suggesting the external instructions were easier to follow meaning there was 984 

difficulties when minimal instructions were given in the neutral group which scored 985 

lower. These findings do agree with previous research which highlights preferences 986 

for external focus instructions (Wulf et al, 2001). It’s suggested that utilising internal 987 

and minimal instructions constraints the motor system by interfering with natural 988 

control processes, meanwhile external instructions seem to enable automatic control 989 

processes to regulate their movements (Wulf et al, 2001) 990 

From a practical perspective, the results within the study may be of substantial 991 

practical importance for athletes that compete in strengthening exercise such as 992 

Nordic hamstring exercises. The findings from the study suggest that adopting an 993 

external muscle contraction instruction may enhance the muscle activation of the 994 

participants which can directly the impact the strengthening of the hamstrings which 995 

would reduce the incidence of an injury to occur (Grgic et al, 2020). In addition, the 996 

findings of the study highlight the importance of utilising cue standardisation when 997 



performing muscular strength exercises (Grgic et al, 2020). If the researcher used 998 

different cues during the research this could impact the participants muscle activation 999 

and could subsequently change the correct interpretation of the data recorded.  1000 

Although, it could be argued the nature of the task could potentially influence the 1001 

participant’s experiences and preferences (Marchant et al, 2007). Tasks such as 1002 

weightlifting and eccentric exercises require fewer external instructions compared to 1003 

alternative exercises such as target based performance and movements of apparatus 1004 

(Marchant et al, 2007). This can make the comparison between external and internal 1005 

focuses difficult in these types of settings, and it could be argued internal instructions 1006 

could be found easier to comply with because of the salience of muscular contractions 1007 

and exertion (Marchant et al, 2009). Furthermore, it may be useful for practitioners 1008 

such as coaches and trainers to develop more concise and accurate external 1009 

instructions to reduce the differences. An example of this could be the use of a 1010 

metaphor or an analogy to induce an appropriate imagery to manipulate an external 1011 

focus when the movement of the does not have obvious effects of the environment 1012 

(Wulf et al, 2007).  In addition, it has also been shown in regard to body- related 1013 

techniques specially adopting external focus instructions can lead to greater learning 1014 

outcomes and motor performance compared to internal focus (Chua et al, 2021).  1015 

During the three conditions there was relatively low levels of mean muscle activation 1016 

(≤60%, as seen in figure 1) when performing Nordic hamstring exercises, however the 1017 

findings from this study indicate the semitendinosus was activated significantly more 1018 

than the bicep femoris when the Nordic Hamstring exercise was performed.  The 1019 

muscle activation for the bicep femoris for all three conditions averaged at 38.2 EMGpk 1020 

meanwhile the average muscle activation for the semitendinosus was 50.27 EMGpk . 1021 

Typically, the maximum force generating capacity of the skeletal muscle of the 1022 

hamstring is dependent on the muscles’ physiological CSA, therefore pennate 1023 

muscles are usually stronger than fusiform muscles (Lieber et al, 2002). Moreover, the 1024 

study indicated that the semitendinosus which is a fusiform muscle and built long and 1025 

thin was more active during Nordic Hamstring exercises than the bicep femoris which 1026 

is generally a bulkier pennate muscle (Woodley et al, 2005). The results are in 1027 

agreement with a previous study by Bourne et al, (2015) which analysed different 1028 

muscle activation patterns in uninjured and injured active men. Although there is a lack 1029 

of evidence to show the mechanism for the selective recruitment of the 1030 



semitendinosus when Nordic hamstrings exercises are performed, it could be 1031 

explained that the differences between hamstring muscle moment arms played a role. 1032 

When looking at the knee, the semitendinosus has a larger sagittal plane moment arm 1033 

than the bicep femoris, which suggest the semitendinosus has a greater mechanical 1034 

advantage which causes a preferential recruitment during the Nordic hamstring 1035 

exercise at the join (Thelen et al, 2005). 1036 

A study undertaken by Ono et al, (2010) revealed preferential recruitment of the 1037 

semitendinosus was observed when the subjects performed an eccentric exercise 1038 

utilising a leg curl machine. This suggests when exercises that involve knee 1039 

movements while the hip joint is in a fixed position is associated to the characteristic 1040 

of hamstring recruitment. Therefore, these previous studies which is an agreement 1041 

with the results from this current study, suggest that when the Nordic Hamstring 1042 

exercise is utilised there is a minimal activation of the bicep femoris compared to the 1043 

semitendinosus that this exercise may not be an optimal exercise for injuries relating 1044 

to running injuries. 1045 

This exercise can increase muscle activation and strength of the hamstrings (Delahunt 1046 

et al, 2016; Bourne et al, 2016).  Bourne et al (2016) showed when performing Nordic 1047 

Hamstring exercises it promoted the elongation of the fascicles of the bicep Femoris 1048 

long head, suggesting if there’s an increase in the bicep Femoris long head for every 1049 

0.5cm increase in the fascicle there is a reduction of 74% probability a football player 1050 

will sustain a hamstring injury (Bourne et al, 2016). These results correlate with a study 1051 

undertaken by Lovell et al, (2018) which indicated when the participants completed 1052 

Nordic hamstring exercises over a 12 twelve week period the fascicle length of the 1053 

bicep Femoris increase by 1.58cm. Based on the two findings, it reveals when the 1054 

fascicle length is increase it causes an increase in eccentric strength in the hamstring 1055 

which will lead to a higher level of muscle activation and can result in a significant 1056 

reduction in hamstring injury.  1057 

However, they indicated it did not promote hypertrophy in the bicep Femoris as they 1058 

found this develops in the semitendinosus. This is in accordance with this present 1059 

study as it represents that muscle activation levels in the semitendinosus nearly 1060 

reached almost 60%, meanwhile the bicep Femoris only reached 30% of the eccentric 1061 

MVIC. In the study undertaken by Delahunt et al, (2016) the results found were similar 1062 



with the average EMG levels for the semitendinosus were 65% of the eccentric MVIC. 1063 

Although, when six weeks of Nordic Hamstring training the participants increased the 1064 

percentage to 80% of the eccentric MVIC (Van Der Tillaar et al, 2017).  In this present 1065 

study some of the participants had experience of performing Nordic Hamstring 1066 

exercises, whilst others had minimal or no experience with this exercise. Therefore, 1067 

this may have influenced the muscle activation between the participants within the 1068 

three conditions during the exercise. However, a study undertaken by Ribeiro – 1069 

Alvares et al, (2023) found when utilising a four-week NHE training programme for 1070 

amateur adult footballers there was an increase in their eccentric knee flexor, in 1071 

addition to an increase in muscle strength. Moreover, this suggest although the players 1072 

were at an amateur level there has been an increase in muscular strength which 1073 

decreases the risk of hamstring injury. 1074 

During the first phase of the Nordic Hamstring exercise where the movement is 1075 

controlled, the hamstring muscles are resisting knee extension, in addition to 1076 

decelerating the downward movement of the trunk (Monajati et al, 2017). Therefore, 1077 

this causes the hamstring to become highly activated, as well as an eccentric 1078 

controlled muscle action which peaked at 103.2 ± 7.14 degrees is within the bicep 1079 

Femoris. Meanwhile the joint angle was 103.66 ± 7.03 degrees when peak muscle 1080 

activation occurred within the semitendinosus. In addition, when performing the Nordic 1081 

hamstring exercise, the participants perform the exercise slowly and smoothly against 1082 

gravity and must have control of their torso while attempting to resist the fall by 1083 

contracting the muscles, which can explain why the first phase of the Nordic hamstring 1084 

exercise when the downward motion occurs, muscle activation is at its highest. 1085 

(Guruhan et al, 2020). This data represents there is no significant difference between 1086 

the two hamstring muscles as the highest muscle activation occurs approximately at 1087 

the same knee angle (Ditroilo et al, 2013). One possible mechanism that was 1088 

suggested by Hegyi et al, (2019) is the hamstring muscle activation is higher when the 1089 

body is trying to maintain an upper body for a shallow knee angle which supports this 1090 

study’s results. In addition, it has been suggested the hamstring muscles may 1091 

generate internal hip extension torque to keep the upper trunk and pelvis straight 1092 

during the Nordic hamstring exercises (Narouei et al, 2018). By performing Nordic 1093 

Hamstring exercises at a shallow knee flexion, it could assist performers to perform 1094 

eccentric exercise in lengthened positions which has been shown to have a positive 1095 



effect of preventing hamstring injury severity (Askling et al, 2013). Furthermore, the 1096 

findings of this present study may provide suggestions for a progressive prevention 1097 

injury programme for the hamstrings. A recent study suggested when utilising a 1098 

progressive training intervention with a shallow knee flexion it can cause an increase 1099 

in eccentric strength meaning a lower hamstring injury severity (Presland et al, 2018).  1100 

 1101 

6.2 Strengths, Limitations and Assumptions 1102 

A strength of the study was the study used a control group, which enabled an effect of 1103 

attentional focus had on muscle activation whilst performing Nordic hamstring 1104 

exercises which made the findings more reliable and valid. Another strength of the 1105 

study was there was minimal research regarding the effect attentional focus has on 1106 

muscle activation when eccentric exercises such as Nordic hamstring exercises are 1107 

utilised. Therefore, this research has given us a greater insight into the relationship 1108 

between the conditions which can be used for future research. 1109 

One limitation of the study was the participants that were recruited where between 1110 

ages 20-30 meaning it was young sample. Therefore, future research could recruit 1111 

older participants to observe if there is a difference between the three attentional focus 1112 

conditions when Nordic hamstring exercises are performed.  Another limitation of the 1113 

study was it used a young male sample size that are the typical recreational footballers 1114 

and therefore whilst important for this population group to understand the role of 1115 

attentional focus on movements such as the Nordics and the role of muscle activation 1116 

it limits the scope of the study and therefore further research would be needed to apply 1117 

the findings to larger sample populations. In addition to this, the sample size utilised 1118 

in the study was 12 participants which is a low size. Furthermore, by doing this it could 1119 

have had an insufficient statistical power as it may minimize the spurious findings 1120 

meaning the results may not be a true representation of the population.  1121 

When analysing the use of the EMG, one limitation was when surface EMG is 1122 

utilised it can be prone to cross talk from nearby muscles especially between the 1123 

bicep femoris and semitendinosus (French et al, 2014). In addition, one limitation is 1124 

when a normalisation was used similar to the one in this study this can affect the 1125 

results from the hamstring muscles as it’s not entirely clear whether the MVIC flexion 1126 

can elicit the similar activity for the semitendinosus and the bicep femoris (Rutherford 1127 

et al, 2010). Moreover, another limitation of the study was many eccentric repetitions 1128 



of the same muscle in a single session could lead to a significant level of fatigue, 1129 

which could affect peak torque or the EMG activity that was seen in the results. 1130 

Therefore, this suggests that the study needs to be verified in an experiment that 1131 

consists of trained athletes with a high level of NHE strength. When evaluating the 1132 

EMG activity, it was lower than expected this could be due to hamstring muscle 1133 

selection as only the bicep femoris and the semitendinosus were used when 1134 

measuring muscle activation, however the semimembranosus was not utilised 1135 

meaning the results do not show a true representation of the hamstring muscle 1136 

activity. 1137 

  1138 

6.3 Further Research  1139 

For future research it would be recommended to extend upon the research regarding 1140 

the potential benefits of utilising the different attentional focus and build upon the body 1141 

of work assessing both the internal and external foci. Most recent studies have 1142 

conducted single session designs, therefore long-term benefits for attentional focus 1143 

could also be explored (Wulf et al, 2007; Christina et al, 2014), this in turn will build 1144 

upon the application to implement within the applied setting. In addition to this, transfer 1145 

effects need to be established to determine if attentional focus is beneficial when 1146 

practicing Nordic hamstring exercises in the laboratory can transfer into real life 1147 

training as there wasn’t an effect when performing in a lab- based setting, again 1148 

building on the understanding of how the work can translate into the ‘real world 1149 

approach’. This in turn will develop the literature and enhance the understanding of 1150 

NHE and their benefit to injury prevention programmes. 1151 

Moreover, previous research undertaken by Porter et al (2012) consisted of a survey 1152 

of attentional focus strategies utilised in strength and conditioning settings which 1153 

provides a unique outlook of current attentional focus practises used. Therefore, 1154 

additional research could similarly survey what strategies are utilised for lower limb 1155 

single exercises as this can enable a greater understanding of apparent effects of 1156 

attentional focus on exercise performance, as well as help increase awareness of 1157 

using focus cues in similar settings. Moreover, a future direction would be to compare 1158 

the effect an external focus and internal focus has on NHE, as previous research has 1159 

suggested when an internal focus is utilised when learning a new skill, it has shown a 1160 

greater learning effect than an external focus (Schonefield et al, 2016).  1161 



When analysing the muscle activity of the hamstring it would be recommended to 1162 

measure the activity for all 4 biarticular muscles within the muscle as this will show a 1163 

true representation of muscle activation which may suggest different findings 1164 

compared to the ones found in this present study. 1165 

For future direction it would be recommended that participants that are experienced in 1166 

Nordic hamstring exercises should be utilised instead of amateur participants as this 1167 

will reduce the likelihood of a learning effect to occur. Moreover, within this study 1168 

muscle activation became higher the more the participants performed the exercise 1169 

which could be argued is because they became more familiar with performing the 1170 

exercise the more repetitions that were completed. 1171 

 1172 

6.4. Conclusion 1173 

For several years there have been many studies that have investigated the effect 1174 

attentional focus can have on skilled performance. As stated previously studies 1175 

investigated the effects attentional focus can have on whole body movements such as 1176 

the standing long jump (Porter et al, 2010) and vertical jumping (Wulf et al, 2007). The 1177 

results of the previous research revealed that performance under an external focus 1178 

caused the best measures for the participant compared to the other two conditions. 1179 

As Nordics are a new exercise modality and with the growing demand to utilise 1180 

exercises such as this within sporting settings, it is key to explore this novel area 1181 

further. To the best of our knowledge, this present study is the first to test the effect 1182 

external focus has compared to an internal focus and neutral for the task of performing 1183 

Nordic hamstring exercises. However, the results for the effect of the attentional focus 1184 

conditions were not agreeing with the hypothesis as there were no significant 1185 

differences seen for peak muscle activity between the three conditions.  1186 

In addition, the results of the study reveal when Nordic Hamstring exercise are 1187 

performed at shallow knee angle causes muscle activation to occur in the hamstrings 1188 

at high levels and has been shown to be similar in joint angles when peak muscle 1189 

activation occurred when sprinting (Van der Tillar et al, 2017). Therefore, the results 1190 

in this present study can partly explain potential methods that can be utilised in future 1191 

hamstring prevention programmes. However, joint angles at which the Nordic 1192 



Hamstring exercise is performed should be studied further before being implemented 1193 

into future injury prevention programmes. 1194 

 
 1195 

  1196 
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