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A review of the biomechanical determinants of rugby scrummaging performance 

 

Abstract 

Introduction: The scrum is a physical contest unique to the game of rugby union, is important 

for determining match outcomes. 

Objectives: This review will describe the current understanding of the kinetic and kinematic 

determinants of successful scrum performance to support coaching interventions and inform 

future research. 

Methods: Literature review  

Results: Individual and combined scrumming forces increase with playing level, but there is 

no concurrent increase in body mass or player strength. There is very little variation in 

individual kinematics between individuals and across levels of play suggesting that there are 

limited possible techniques for successful scrummaging. Live scrum contests are dynamic and 

require constant adjustments to body positions in response to increased compressive force and 

exaggerated the lateral and vertical force components. Skilled performers are able to exert high 

levels of horizontal force while maintaining effective body positions within this dynamic 

environment.  

Conclusions: Success in scrummaging depends on optimisation of joint angles and force 

production at the individual level, and co-ordination of effort at a team level. Analysis 

presented here demonstrates that producing large scrum-specific forces and achieving the 

optimal ‘body shape’ are essential for scrum performance. 

Keywords: scrummage, force, kinematics, kinetics, muscular strength 
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1. Introduction 

In rugby union, a scrum is awarded when a team knocks-on the ball, or to restart play in 

situations when the ball has become unplayable[1]. A scrum is a contest between eight players 

(forwards) from opposing sides who are bound together and push in a coordinated strength 

contest for possession of the ball. Scrums are composed of eight players from opposing sides 

interlocked in a distinctive formation. Players are arranged into three rows: front row (loose 

head prop, hooker and tight head prop); second row (two locks); and the back row (two flanks 

and an eighthman). Props bind to the hooker by gripping their waistband tightly, while the 

hooker will clasps the props around the shoulders gripping onto their jersey below their 

shoulder blades. The second row link together shoulder-to-shoulder and bind to the front row 

by lodging their heads in the gap between the hips of adjoining prop and hooker. Back row 

players will bind onto the second row players. Specifically, flanks will attach themselves to the 

locks and place a shoulder to push onto the prop on their side of the scrum (either loose or tight 

head). The eighth-man will bind between the hips of the second row and maintain a forward 

push. A scrum will commence when the team has assumed their formation and front row 

players from opposing sides interlock in a forceful, yet controlled manner. Typical scrum 

durations are approximately 3 ± 1.4 seconds[2], with 20-30 scrums occurring per game[2-4]. 

Effective scrummaging is a key determinant of team performance. Scrum dominance provides 

a platform for launching attacking plays and allows for the disruption of opponents attacking 

plays. Due to safety concerns, scrumming is highly regulated[5] and as a result frequently 

penalised by referees[6]. Teams with dominant scrums are awarded more scrum-related 

penalties[7], allowing the opportunity to score points gain territory.  

Historically, scrum involvement resulted in a number of catastrophic neck and spinal 

injuries[5,8]. In response, World Rugby have made changes to the rules governing scrums, and 

particularly methods of front row engagement[9,10]. While these changes have been 

demonstrably effective[8], scrum laws continue to evolve. Coaches need to have a clear 

understanding of the determinants of effective scrumming, to allow them to coach effectively 

and adapt appropriately in response to frequent rule changes. 

The purpose of this brief review is to identify, explain and expand on the literature focussing 

on scrummaging force generation to illustrate the current scientific understanding of 

scrummaging performance. The intention of this review is to better isolate key performance 

factors; which may facilitate future research and produce more successful yet safer 

scrummaging performance training programs. 

 

2. Kinetics 

Scrum kinetics have been used as the major scientific objective measure of scrummaging 

performance. Various methods have been employed to quantify the kinetics of the scrum which 

include: instrumented scrum machines[11-16], force platforms[17], and shoulder mounted pressure 

transducers[18-20]. 

2.1. Force components 

The force exerted in the scrum is composed of compressive, lateral and vertical forces[10,16,21,22]. 

The lateral forces have been found to be directed towards the tighthead prop (right)[10] and have 

been attributed to the wheeling of the scrum[16,20]. Vertical or shear force has in turn, been 

associated with scrum collapses and front row players popping out of formation[10,19,20]. Even 

though lateral and vertical forces contribute to scrum contest outcomes, the compressive force 

(forward pushing force) is of most interest to investigators and coaches due to its obvious 

performance implications. The compressive, vertical and lateral forces present during 

scrumming are the result of the kinetic capabilities of the team scrum as a unit, which are in 

turn comprised of the distinct individual kinetic capabilities of each individual player. 

However, combined pack kinetics do not equal the sum of individual kinetics due to 
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compression of soft tissues and cancelling interactions between players within the scrum 

pack[14,15]. 

2.2. Individual force contributions 

Scrum contests are usually won by packs with larger combined compressive forces[23]. 

Assessments of team scrummaging have identified the contribution of various playing 

positions in terms of the total scrummaging forces. Interestingly, front rows contribute the 

largest between 42-46% and locks generate between 21-37%, while loose forwards contribute 

the least, between 21% and 30% of the total scrummaging force[14,24]. 

Although the different playing positions in the scrum contribute varying magnitudes of force, 

they may intend to use the directional components of their forces to varying degrees. For 

example, in addition to the 21-30% contribution to total scrum force, loose forwards also assist 

the tight-five players by improving scrum stability[14,16,20]. du Toit and colleagues[14] showed 

that the largest lateral force application angles were produced by tight-head flankers. Therefore, 

flankers act as a wedge which should assist in developing larger compressive forces and 

maintain the forward direction of their props, as it may be displaced by the second row’s (locks) 

force application angles[14,25].  

Force magnitudes measured from individual studies varies greatly (Table 1). Variations due to 

measurements at different time points, levels of playing proficiency of study participants (both 

in terms of playing position and level of competition) and testing surfaces. Despite this, the 

individual peak force of scrummaging may exceed 3000 N in idealised indoor settings yet is 

slightly lower than 2500 N on natural turf (although the latter have only been assessed in sub 

elite players). Peak forces may be a result of the engagement force, which is significantly larger 

than the sustained force[10,18,21,22]. Thus, a peak force may not truly reflect an individual’s ability 

to exert a similar magnitude during the sustain phase. 

New scrum laws have had a considerable effect on scrummaging kinetics where bind and set 

phases attempt to make the engagement safer by reducing the collision between front rows[6,9]. 

Additionally, the new laws prevent teams from pushing before the ball is fed into the scrum. 

However, from a kinetic perspective this procedure complicates the contest since an initial low-

level contest is introduced prior to the dynamic contest. That is, the scrum must remain steady 

and the packs must exert a certain level of force to keep the scrum stationary. Once the ball has 

been fed into the scrum, teams can actively compete for the ball, which should result in a second 

force peak. Therefore, a team that can sustain a larger force magnitude, during the steady state, 

and actively generate a ‘second shove’ once the ball is fed may be favoured to achieve better 

scrum outcomes than the previous isolated engagement or sustained forces under older rules. 

There are numerous difficulties comparing combined pack scrummaging forces across multiple 

studies. The first issue is the change in scrummaging rules, which have reduced the engagement 

force[18]. However, data presented by Preatoni, Stokes, England, & Trewartha[10], and Cazzola 

et al.[19] illustrate that sustained compressive force remains unchanged regardless of the 

engagement procedure. Therefore, Table 2 reports the sustained compressive forces for pack 

scrummaging. A second concern is the devices used to measure the compressive force. Most 

studies have used static instrumented scrum machines, however du Toit et al.[20] and Cazzola 

et al.[19] used shoulder mounted pressure sensitive pads during live scrums. Based on these 

various collection methods a large range of force values are reported. Specifically, the large 

discrepancies between data reported by Preatoni et al.[10] and Cazzola et al.[19] may be indicative 

of the methodologies employed. Static instrumented scrum machines are less likely to 

overestimate forces, due to their rigidity. However, while shoulder mounted force sensors may 

underestimate force magnitudes due to tissue artefacts between the opposing front rows, they 

give a better description of live scrum contests[18].  

Front row binding involves the interlocking of two rows of three players where their heads will 

be positioned between two opposing players. Due to the binding offset loose-head props will 
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only have one contact point (the shoulder of their opposing tight head prop) which allows a 

greater range of motion and the possibility of generating larger lateral and vertical forces. 

Additionally, front rows experience larger force on their shoulders when scrummaging as a 

pack compared to individually, which can be attributed to the summation of force from the 

locks and loose forwards[20]. 

Despite variations in rules and force measurement techniques, scrummaging force magnitude 

has been found to increase with playing level[10,33], which may result from increasing player 

mass and strength. However, no correlation between either body mass or strength measures 

and maximal horizontal scrummaging forces in professional players exists[17]. Players of 

similar body mass and strength must therefore be using different scrummaging techniques to 

achieve their maximal scrummaging forces[10,17]. These technical parameters may be based on 

movement (kinematic) strategies[10,34] or achieved through the coordination of exerted forces 

within the scrum[20].  

 

3. Kinematics 

Features of an ideal scrum position were introduced by Milburn[24] who suggested that the head 

(and neck), trunk and legs all be aligned parallel to the direction of the intended force. 

Additionally, it was suggested that a greater angle (sagittal plane view) between the trunk and 

legs (hip angle) results in a larger force[24]. Most studies have however been descriptive in 

nature and the following section summarises these findings, with a kinematic description of the 

scrum sequence spanning the preparation, engagement, steady-state (pre-ball feed) and contest 

(post-ball feed) phases. 

3.1. Preparation phase 

The scrummaging sequence begins with the players in a crouched position. During the 

preparation phase, prior to the two front rows engaging, players bind to their opponents by 

gripping onto their jerseys. Front row players are instructed to have their shoulders above their 

hips (when viewed in the sagittal plane) to prevent the scrums from collapsing resulting in their 

trunks being slightly above the parallel relative to the ground[19,24,34]. 

In this preparation phase position, individuals have their feet firmly on the ground with a large 

degree of flexion at the hips and knees. Wider foot stances may influence the generation of 

scrummaging forces[30]. Foot orientation may be slightly everted to allow for a larger ground 

contact area relative to the direction of the imparted force. Most forwards will adopt a parallel 

foot stance on setup, prior to the scrum contest, however a minor offset between the feet may 

be present[13,32]. Importantly, Sayers[34] showed that while starting positions may differ, body 

positions upon engagement are similar. Therefore, the preparation phase of scrummaging may 

only be a result of player preference and their ability to maintain balance prior to scrum 

engagement[17]. 

3.2. Engagement phase 

Upon the call of “set” front row players rapidly extend their hips and knees[34] and in a 

controlled manner collide with their opponents. It is during the engagement phase that the 

generation of maximal compression force is usually exerted[19,21]. Combined vertical force 

components are initially directed downwards but continually shifts upwards as scrummaging 

duration continues[10]. The kinetics of the scrum therefore, closely represent the kinematic 

changes which occur[30].  

du Toit et. al.[14] stated that the front row requires vertical stability before being able to apply 

force. Furthermore, du Toit and colleagues[14] suggested that the front row make a deliberate 

effort to scrum higher up as to prevent the scrum from potential collapse. It can be presumed 

that starting at a lower more flexed position could be beneficial as the player could produce 

more upward force by extending their hips and knees[30]. 
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The sustained force phase follows the engagement phase[10]. Forces during this phase fluctuate 

around a constant magnitude a lot lower than the force during the engagement phase[10]. 

Importantly, the sustained force phase as measured on scrummaging ergometers may not reflect 

the dynamic nature of a live scrum contest. In-line with the most recent law definitions, the 

sustained phase is divided into steady-state (during which force magnitudes are maintained) 

and contest phase (once the ball enters the scrum tunnel and players are required to 

strike/contest for the ball). The latter phase is yet to be replicated/emulated on a scrum machine 

or kinematically evaluated during live scrummaging. 

3.3. Steady-state phase (pre-ball feed) 

The steady state phase which occurs on immovable scrummaging machine reflects the 

sustained force period and individuals remain in a largely isometric position. During the 

sustained phase the lower limbs exhibit a large degree of extension[13,15,30,31,34], and the trunk 

will gradually rise above the horizontal[18,19]. This movement and body position can possibly 

result in players ‘over-extending’ potentially causing the scrum to collapse. Statistically 

significant relationships have been presented between the hip (r=-0.47), knee (r=-0.51) and the 

ankle (r=-0.70) extensions and the individual scrummaging forces[13]. Bayne and Kat[32] 

inferred correlations for ankle dorsiflexion (r=-0.12), trunk extension (r= 0.32) knee (r= -0.63) 

and hip flexions (r= -0.74) angles and compression force. Other researchers have failed to show 

relationships between kinematics and scrummaging performance[15,30]. Collectively, these 

findings do not provide distinct or conclusive relationships between force development and 

scrummaging body positions. Methodological differences, participants’ skill levels and 

ecological constraints may further compound the difficulties finding distinct movement 

patterns related to scrummaging force development. Table 3 collates joint angles from various 

individual scrummaging assessments at maximal sustained force. The similarities in the 

individual kinematics reported suggest that there are limited techniques to scrummaging. 

Further evidence suggests that proficient players adopt a similar body position over the scrum 

duration[34] with little axial skeleton movement variability[35]. Thus, it is possible that the body 

position optimal for force production is fundamentally safe and effective[8]. Finally, an 

effective scrummaging position may require obtaining individualised optimal length-tension 

relationships in primary muscles rather than attaining particular joint angles. Further research 

into the relative contributions of different muscles, muscle coordination and individualised 

force-tension relationships of major muscle groups to the overall force generation may deepen 

our understanding of muscle force production during scrummaging. 

Regarding the effects of feet positioning adopted during the preparations phase, no significant 

difference in the exerted force were reported irrespective of the foot positions[13]. However, a 

double-peak force pattern is exhibited in the cross-feet position, compared to the single peak 

in the parallel feet position. An offset foot stance will result in larger lateral forces on the side 

of the lead leg, which diminished the total compressive force of the scrum[32] and may cause 

the scrum to wheel. Additionally, these increased lateral forces may cause excessive spinal 

rotation experienced by the individual players, as the hip may act as a pivot around which axial 

rotation of the trunk can occur. 

3.4. Contest phase (post-ball feed) 

The findings above focussed on static body positions during individual scrummaging. 

However, the scrum is dynamic and requires adjustments in body positions in response to the 

scrum contest. Measuring kinetics during live scrum contests are difficult, as the motion is 

dynamic, and the scrum cannot realistically be contested against an immovable object. Similar 

to scrum machine kinetics, shoulder mounted force sensitive device recorded significantly 

lower sustained forces during a live scrum compared to the live engagement[20]. Although, 

greater fluctuations in the force may exist. During a scrum contest, players attempt to step 

forward. This will produce surges in the compressive force and exaggerate the lateral and 
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vertical force components[32]. Further confounding the issue, when a player strikes for the ball, 

as stipulated by the law, they will remove a foot from the ground. This action will undoubtably 

cause a reduction in the force magnitude. Therefore, in order to maintain the opposing pack 

force, the scrum pack will have to increase their individual force contributions. The latter point 

highlights another gap in the understanding of scrummaging performance. 

 

3.5. Scrum contest complications 

Kinematic analysis of scrummaging poses numerous difficulties. From a data collection 

perspective, it is easier to collect scrum kinematics on individuals compared to an entire pack. 

A solution may be to use wearable inertial sensors[36] or modern video technology that doesn’t 

require surface markers. Kinematic analysis is limited by its predominant use of scrummaging 

force as a performance index. Specifically, testing against an immovable object where 

individual can only perform isometric exertions. Furthermore, contest phases cannot be 

emulated against an immovable ergometer. While this method is ultimately the gold standard 

in measuring scrummaging forces, more representative methods are required to measure pack 

power, forces and velocities. Despite these possible shortcomings, the measurement of 

technical variables identified through kinematic analysis may assist in training drills and aid in 

the development of good technique[35]. Relationships between the generation of scrummaging 

forces and specific body (or joint) positions may however, be difficult to show. It is possible 

that the ability of the muscles to generate torque around these joints, may provide additional 

insight into force generation and performance. 

 

4. Electromyography 

The generation of scrummaging force during the engagement sequence is a result of muscular 

contraction. The majority of muscles investigated in scrummaging studies are predominately 

those acting on the back, hips, knees and ankles. As scrummaging is a measure of strength, 

standardised amplitudes should be related to scrummaging performance. However, Sharp et 

al.[17] reported no significant correlations between EMG activation levels and scrummaging 

forces. A possible reason for this lack of relationship can be attributed to players adopting 

similar positions and reduced movement and EMG variability during machine 

scrummaging[37,38]. Additionally, stronger players may require less muscle activation to 

produce similar force[37]. 

The activation patterns of muscle prior to and during the engagement sequence may reveal 

important muscular contributions to force generation. The following section will briefly 

identify maximal activations at specific time-point before describing the nature of muscle 

activity over the entire scrum effort duration. 

Prior to scrum engagement, the gastrocnemius is largely activated and the vastus lateralis 

reaches maximal activation, as they rapidly extend the knees[17,37]. Back musculature erector 

spinae are largely activated in the preparation phase[17,38,39]. The large muscle activation of 

erector spinae prior to the engagement sequence can be attributed to the crouched position of 

the player prior to engagement[17,39]. Cazzola and colleagues[39] suggested that the muscles of 

the back and neck are primed prior to scrum engagement, which could increase joint stiffness. 

Although the increased joint stiffness may adequately stabilise the trunk to assist in the 

transmission of forces, it may be insufficient to prevent injury. This premise is supported by 

the highly active erector spinae group during sustain force scrummaging[17,38,39]. 

Assessment of the proximal muscles, in particular those of the back and abdomen, reveal that 

abdominal muscles are not greatly activated[38] over the entire duration. Additionally, there is 

minimal activation of the biceps femoris over the entire scrummaging sequence compared to 

the rectus femoris and vastus lateralis[17,38]. More distally, the gastrocnemius experiences large 

activation patterns throughout the scrummaging sequence[38]. 
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An electromyographical assessment obtained during machine scrummaging is not 

representative of those obtained during live scrums, even though kinetics and kinematic 

parameters are closely related[38,39]. The dynamic nature of live scrummaging requires more 

reactive muscle activity. Before being able to effectively apply force, the front row needs to 

establish stability to allow the forces generated by the rest of their pack to be effectively 

transmitted through the scrum onto their opponents. This is confirmed by large erector spinae 

muscle activity of front row players reported during live scrums[39]. 

 

5. Muscular strength and power 

By definition, muscular strength is the ability to exert force on an external object[40], and 

therefore strength must be essential for scrum performance. Scrum forces and player strength 

increase at higher levels of the game[41,42]. Despite this, to date, researchers have failed to 

demonstrate meaningful relationships between strength measures and scrum force production. 

Logically, the largely isometric action of scrum contest suggests that multi-joint isometric 

strength measurements would be the best indicators of individual scrum force production. 

However, Quarrie and Wilson[15] failed to show a relationship between scrum force and 

strength in a modified isometric mid-thigh pull. Similarly, no relationship has been 

demonstrated between vertical jump heights and scrummaging force production[15,30,43,44]. 

Quarrie and Wilson[15] did report weak relationships (r= 0.39-0.41) between individual scrum 

force and maximal isokinetic knee extension torque at two velocities, but Sharp and 

colleagues[17] showed no difference in isokinetic tests across playing levels. Objectively, 

individual scrummaging force is a strength measure, but meaningful associations with other 

more traditional strength measures have yet to be clearly established. 

5.1. Combined pack mass, strength and power 

On a population level, body mass and strength are closely related[45]. Therefore, it is not 

surprising that researchers have shown significant relationships between scrum force and 

combined pack mass[10,13-16,20,24,30]. In the only study to have considered a combined power 

metric, Green et al.,[23] demonstrated that winning scrums also had significantly higher 

combined vertical jump heights. 

However, du Toit et al.,[20] reported that while a significant relationship exists between pack 

mass and combined engagement force, no relationship exists between sustained scrummaging 

force and pack mass. In this case, fat mass may be a confounder because while additional fat 

mass may contribute to engagement momentum, it cannot assist to generate any sustained 

scrummaging force. Additionally, Preatoni et al.[10] reported that increases in the compressive 

force magnitudes in various playing levels were not dependent on pack mass. Finally, Green et 

al.[23] reported no association between combined pack mass and the outcome of numerous 

scrum contests. It is therefore likely that team scrum performance results from the force 

production, and technique and timing capabilities of the players rather than combined player 

mass[10,15,20,24]. However, at an age-group or non-elite level, a difference in mass may be the 

determining factor to scrum success. 

 

6. The role of fatigue 

Scrum performance seems relatively robust to fatigue. Scrum force production has been shown 

to be reduced after repeated scrum efforts interspersed by 20 second rest periods[28] but was 

unchanged when rest periods were increased to 30 seconds[29], following a rugby specific 

fatigue intervention[31], and following repeated sprint activity[28,46]. Similarly, scrum kinematics 

were also unaffected by fatigue[31]. Two explanations for this are that fatigue interventions 

employed in research thus far have been insufficient to induce specific fatigue, or that rugby 

players develop the ability to maintain a competitive scrummaging force, and body positioning 

under fatigued conditions. 
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7. Scrum tactics - exploiting technical performances 

Despite the emphasis on scrum force and body position in this review, in game settings scrum 

outcomes are also affected by tactics. During scrum contests players may employ coached 

techniques that reduce their opponent’s ability to scrum effectively. Ideally, front row players 

should contest directly against their opposite number, that is, the loose-head prop should push 

against the opposing tight-head prop. However, players frequently change height and angles at 

which they push to unsettle their opponent. As an example, loose-head props may attempt to 

“get underneath” their opposing tight-head prop - with the aim to push them up and in towards 

their hooker rather than directly backwards. While illegal, these subtle variations in 

scrummaging technique are notoriously difficult to adjudicate[7]. 

Other tactics employed include the deliberate wheeling of the scrum[14], facilitated by teams 

deliberately changing their foot position[32]. Defending teams have also been known to wait for 

the attacking team to hook the ball (necessitating one player taking a foot off the ground), to 

produce a coordinated shove to take advantage of this moment of instability. While it is likely 

that the scrum with the greater force production capacity will still dominate these contests, the 

skill required for players to maintain force production dynamically adjusting to this highly 

variable system should not be underestimated. 

 

8. Conclusion 

The scrum contest is one of the quintessential parts of a rugby game. Success in this task 

depends on optimisation of joint angles and force production at the individual level, and co-

ordination of effort at a team level. Analysis presented here demonstrates that producing large 

scrum-specific forces and achieving the optimal ‘body shape’ are essential for scrum 

performance. Clear relationships between muscle activation; strength; fatigue and scrum 

performance have yet to be demonstrated. This is likely the result of studying a skill with 

limited available technique options in a largely homogeneous group of players. 

Coaches should use scrum machines to teach individual kinematics, train scrum-specific 

strength and develop team coordination. Live scrum training induces variability in the task that 

it is essential that players learn to manage to be consistently successful in dynamic competitive 

scrums. Individual skill, inter-player timing and familiarity are likely to be factors that can 

positively relate to team scrummaging performance. 

  



10 

 

Author Contributions 

AG was responsible for conception, design, analysis and interpretation of data and for 

preparing the first draft of the manuscript. WM, YC and JT were responsible for critical 

revision of content. All authors approved the final version of the manuscript. 



11 

 

References 

1. World Rugby. Laws of The Game Rugby Union. Dublin: World Rugby, 2018, Law 

19. 

2. Quarrie KL, Hopkins WG, Anthony MJ, et al. Positional demands of international 

rugby union: Evaluation of player actions and movements, J Sci Med Sport, 2013; 

16(4): 353-359. [http://dx.doi.org/10.1016/j.jsams.2012.08.005] [PMID: 22975233] 

3. Roberts SP, Trewartha G, England M, et al. Collapsed scrums and collision tackles: 

what is the injury risk? Br J Sports Med, 2014; 49(8): 536-540. 

[http://dx.doi.org/10.1136/bjsports-2013-092988] [PMID: 24516009] 

4. Fuller CW, Brooks JHM, Cancea RJ, et al. Contact events in rugby union and their 

propensity to cause injury, Br J Sports Med, 2007; 41: 862-867. 

[http://dx.doi.org/10.1136/bjsm.2007.037499] [PMID: 17513332] 

5. Trewartha G, Preatoni E, England ME, et al. Injury and biomechanical perspectives 

on the rugby scrum: A review of the literature, Br J Sports Med, 2015; 49: 425–433. 

[http://dx.doi.org/10.1136/bjsports-2013-092972] [PMID: 24398223] 

6. Stean D, Barnes A, & Churchill SM. Effect of the ‘Crouch, Bind, Set’ engagement 

routine on scrum performance in English Premiership Rugby, Int J Perform Anal 

Sport, 2015; 15(3): 1202-1212, [http://dx.doi.org/10.1080/24748668.2015.11868862] 

7. Jones C, Hennessy N, & Hardman A. What’s Wrong with the Scrum Laws in Rugby 

Union? Judgment, Truth and Refereeing, Sport, Ethic Philo, 2017; 

[http://dx.doi.org/10.1080/17511321.2017.1377759] 

8. Hendricks S, Lambert MI, Brown JC, et al. An evidence-driven approach to scrum 

law modifications in amateur rugby played in South Africa, Br J Sports Med, 2014; 

48: 1115-1119. [http://dx.doi.org/10.1136/bjsports-2013-092877] [PMID: 24550209] 

9. Bradley EJ, Hogg B and Archer DT. Effect of the PreBind Engagement Process on 

Scrum Timing and Stability in the 2013–16 Six Nations. Int J Sports Physiol Perform, 

2018; 13: 903-909. [http://dx.doi.org/10.1123/ijspp.2017-0531] [PMID: 29283695] 

10. Preatoni E, Stokes KA, England ME, et al. The influence of playing level on the 

biomechanical demands experienced by rugby union forwards during machine 

scrummaging, Scand J Med Sci Sport, 2013; 23: e178-184. 

[http://dx.doi.org/10.1111/sms.12048] [PMID: 23362799] 

11. Green A, Dafkin C, Kerr S, et al. The calibration and application of an individual 

scrummaging ergometer, Sport Eng, 2016; 19(1): 59-69. 

[http://dx.doi.org/10.1007/s12283-015-0188-0] 

12. Preatoni E, Wallbaum A, Gathercole N, et al. An integrated measurement system for 

analysing impact biomechanics in the rugby scrum, Proceedings of the Institution of 

Mechanical Engineers, Part P: Journal of Sports Engineering and Technology, 2012; 

226: 266–273. [http://dx.doi.org/10.1177/1754337111435200] 

13. Wu WL, Chang JJ, Wu JH, et al. An investigation of rugby scrummaging posture and 

individual maximum pushing force, J Strength Cond Res, 2007; 21: 251–258. 

14. Du Toit DE, Venter DJL, Buys FJ, et al. Kinetics of rugby union scrummaging in 

under-19 schoolboy rugby forwards, S Afr J Res Sport Phys Edu. Recreation, 2004; 

26: 33-50. 

15. Quarrie KL and Wilson BD. Force production in the rugby union scrum, J Sport Sci, 

2000; 18(4): 237-246. [http://dx.doi.org/10.1080/026404100364974] [PMID: 

10824640] 

16. Milburn PD. The kinetics of rugby union scrummaging, J Sport Sci, 1990; 8: 47-60. 

[http://dx.doi.org/10.1080/02640419008732130] [PMID: 2359151] 

https://doi.org/10.1136/bjsm.2007.037499
https://doi.org/10.1136/bjsm.2007.037499
https://doi.org/10.1136/bjsports-2013-092877
https://doi.org/10.1136/bjsports-2013-092877
https://doi.org/10.1177%2F1754337111435200
https://doi.org/10.1177%2F1754337111435200
https://doi.org/10.1080/026404100364974
https://doi.org/10.1080/026404100364974
https://doi.org/10.1080/02640419008732130
https://doi.org/10.1080/02640419008732130


12 

 

17. Sharp T, Halaki M, Greene A, et al. An EMG assessment of front row rugby union 

scrummaging, Int J Perform Anal Sport, 2014; 14: 225-237. 

[https://doi.org/10.1080/24748668.2014.11868717] 

18. Preatoni E, Cazzola D, Stokes KA, et al. Pre-binding prior to full engagement 

improves loading conditions for front-row players in contested Rugby Union scrums. 

Scand J Med Sci Sport, 2016; 201(26): 1398–1407. 

[http://dx.doi.org/10.1111/sms.12592] [PMID: 26607050] 

19. Cazzola D, Preatoni E, Stokes KA, et al. A modified prebind engagement process 

reduces biomechanical loading on front row players during scrummaging: a cross-

sectional study of 11 elite teams, Br J Sports Med, 2015; 49: 541–546. 

[http://dx.doi.org/10.1136/bjsports-2013-092904] [PMID: 24505041] 

20. Du Toit DE, Olivier PE, and Buys FJ. Kinetics of full scrum and staggered scrum 

engagement in under-19 schoolboy rugby union players, S Afr J Res Sport Phys 

Edu. Recreation, 2005; 27: 15-28. 

21. Preatoni E, Stokes KA, England ME, et al. Engagement techniques and playing level 

impact the biomechanical demands on rugby forwards during machine-based 

scrummaging, Br J Sports Med, 2014; 49(8): 520-528. 

[http://dx.doi.org/10.1136/bjsports-2013-092938] [PMID: 24511085] 

22. Cazzola D, Preatoni E, Stokes K, et al. The effect of a pre-bind engagement technique 

on the biomechanical characteristics of rugby scrummaging across multiple playing 

levels, Br J Sports Med, 2014; 48: 578–578. [http://dx.doi.org/10.1136/bjsports-2014-

093494.49] 

23. Green A, Dafkin C, Kerr S, et al. Combined individual scrummaging kinetics and 

muscular power predict competitive team scrum success, Euro J Sport Sci, 2017a; 

17(8): 994-1003. [http://dx.doi.org/10.1080/17461391.2017.1343387] [PMID: 

28675124] 

24. Milburn PD. Biomechanics of Rugby Union Scrummaging: Technical and safety 

issues. Sport Med, 1993; 16(3): 168-179. [http://dx.doi.org/10.2165/00007256-

199316030-00002] [PMID: 8235190] 

25. Saletti D, Chicoulaa G, Raszoudowsky M, et al. Kinematic and dynamic responses of 

the scrum, Comput Methods Biomech Biomed Engin, 2013; 16(1): 204-205. 

[http://dx.doi.org/10.1080/10255842.2013.815927] [PMID: 23923910] 

26. Hot P, Millet GP, Chevalier R, et al. Effect of the Running Intensity on the 

Scrummaging Force in Rugby, Sci Sports, 2004; 19(3): 139-141. 

[http://dx.doi.org/10.1016/S0765-1597(03)00174-6]  

27. Mensaert S, Sharp T and Vanwanseele B. Influence of playing level on the kinematics 

and kinetics of the rugby scrum. In Proceedings of the 33 International Conference of 

Biomechanics in Sports (ed F Colloud, M Domalain & T Monnet), Poitiers, France. 

(2015). 1094 – 1097.  

28. Morel B, Rouffet D, Bishop D, et al. Fatigue induced by repeated maximal efforts is 

specific to the rugby task performed, Int J Sports Sci Coa, 2015; 10: 10–20. 

[http://dx.doi.org/10.1260/1747-9541.10.1.11] 

29. Morel B and Hautier CA. The neuromuscular fatigue induced by repeated scrums 

generates instability that can be limited by appropriate recovery, Scand J Med Sci 

Sport, 2017; 27(2): 209-216. [http://dx.doi.org/10.1111/sms.12646] [PMID: 

26799622] 

30. Green A, Kerr S, Olivier B, et al. A lower body height and wider stance are positively 

associated with the generation of individual scrummaging forces in rugby, Int J 

Perform Anal Sport, 2017b; 17(1): 177-189. 

[http://dx.doi.org/10.1080/24748668.2017.1309094] 

https://doi.org/10.1080/24748668.2014.11868717
http://dx.doi.org/10.1136/bjsports-2014-093494.49
http://dx.doi.org/10.1136/bjsports-2014-093494.49
http://dx.doi.org/10.1136/bjsports-2014-093494.49
http://dx.doi.org/10.1136/bjsports-2014-093494.49
https://doi.org/10.2165/00007256-199316030-00002
https://doi.org/10.2165/00007256-199316030-00002
https://doi.org/10.2165/00007256-199316030-00002
https://doi.org/10.2165/00007256-199316030-00002
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinematic+and+dynamic+responses+of+the+scrum
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinematic+and+dynamic+responses+of+the+scrum
https://doi.org/10.1080/10255842.2013.815927
https://doi.org/10.1080/10255842.2013.815927
https://doi.org/10.1016/S0765-1597(03)00174-6
https://doi.org/10.1016/S0765-1597(03)00174-6
https://doi.org/10.1260%2F1747-9541.10.1.11
https://doi.org/10.1260%2F1747-9541.10.1.11
https://doi.org/10.1080/24748668.2017.1309094
https://doi.org/10.1080/24748668.2017.1309094


13 

 

31. Green A, Kerr S, Olivier B, et al. Psychological and physiological fatigue does not 

correspond to decreased scrummaging performance over a simulated rugby match, S 

Afr J Sports Med, 2017c; 29: 1-6. [http://dx.doi.org/10.17159/2078-

516x/2017/v29i0a1701] 

32. Bayne H and Kat C. The influence of foot position on scrum kinetics during machine 

scrummaging, J Sport Sci, 2018; [http://dx.doi.org/10.1080/02640414.2018.1479102] 

[PMID: 29790433] 

33. Quarrie KL and Hopkins WG. Changes in player characteristics and match activities 

in Bledisloe Cup rugby union from 1972 to 2004, J Sport Sci, 2007; 25(8): 895-903. 

[http://dx.doi.org/10.1080/02640410600944659] [PMID: 17474043] 

34. Sayers M. Kinematic analysis of high-performance rugby props during scrum 

training. In Science and Football VI (ed T Reilly and F. Korkusuz), (2007). pp. 46-51. 

New York: Routledge. 

35. Cerrito A, Evans K and Milburn P. Reliability and validity of an electromagnetic 

tracking system to measure cervical spine kinematics during Rugby Union scrums, J 

Sci Med Sport, 2017; 20S: 61–66. [http://dx.doi.org/10.1016/j.jsams.2017.09.323] 

36. Swaminathan R, Williams JM, Jones MD, et al. A kinematic analysis of the spine 

during rugby scrummaging on natural and synthetic turfs, J Sport Sci, 2016; 34(11): 

1058-1066. [http://dx.doi.org/10.1080/02640414.2015.1088165] [PMID: 26375051] 

37. Yaghoubi M, Lark SD, Page WH, et al. Lower extremity muscle function of front row 

rugby union scrummaging, Sport Biomech, 2019; 18(6):636-648 

[http://dx.doi.org/10.1080/14763141.2018.1452972] [PMID: 29768096] 

38. Cochrane DJ, Harnett K, Lopez-Villalobos N, et al. The Effect of Repetitive Rugby 

Scrummaging on Force Output and Muscle Activity, Sport Med Int Open, 2017; 1: 

E89–E93. [http://dx.doi.org/10.1055/s-0043-108192] [PMID: 30539091] 

39. Cazzola D, Stone B, Holsgrove TP, et al. Spinal muscle activity in simulated rugby 

union scrummaging is affected by different engagement conditions, Scand J Med Sci 

Sport, 2016; 26: 432–440. [http://dx.doi.org/10.1080/14763141.2018.1452972] 

[PMID: 29768096] 

40. Suchomel TJ, Nimphius S and Stone M. The importance of muscular strength in 

athletic performance, Sports Med, 2016; 46(10): 1419-1449. 

[http://dx.doi.org/10.1007/s40279-016-0486-0] [PMID: 26838985] 

41. Smart DJ, Hopkins WG and Gill ND. Differences and changes in the physical 

characteristics of professional and amateur rugby union players, J Strength Cond Res, 

2013; 27(11): 3033-3044. [http://dx.doi.org/10.1519/JSC.0b013e31828c26d3] 

[PMID: 23603998] 

42. Argus CK, Gill ND and Keogh, JWL. Characterization of the differences in strength 

and power between different levels of competition in rugby union athletes, J Strength 

Cond Res, 2012; 26(10): 2698-2704. 

[http://dx.doi.org/10.1519/JSC.0b013e318241382a] [PMID: 22105055] 

43. Duthie G, Pyne D and Hooper S. Applied Physiology and Game Analysis of Rugby 

Union, Sports Med, 2003; 33(13): 973-991. [http://dx.doi.org/10.2165/00007256-

200333130-00003] [PMID: 14606925] 

44. Robinson, P.D., & Mills, S.H. Relationship between scrummaging strength and 

standard field tests for power in rugby. In Proceedings of XVIII International 

Symposium on Biomechanics in Sports (ed Y. Hong), Hong Kong, China, 2000, pp. 

980-981. Hong Kong: The Chinese University of Hong Kong. 

45. Fontera WR. Hughes VA, Lutz KJ, et al. A cross-sectional study of muscle strength 

and mass in 45- to 78-yr-old men and women, J Applied Physiol, 1991; 71(2): 644-

650. [http://dx.doi.org/10.1152/jappl.1991.71.2.644] [PMID: 1938738] 

https://doi.org/10.1080/02640410600944659
https://doi.org/10.1080/02640410600944659
https://doi.org/10.1016/j.jsams.2017.09.323
https://doi.org/10.1016/j.jsams.2017.09.323
https://doi.org/10.1080/14763141.2018.1452972
https://doi.org/10.1080/14763141.2018.1452972
https://doi.org/10.1519/JSC.0b013e318241382a
https://doi.org/10.1519/JSC.0b013e318241382a
https://doi.org/10.2165/00007256-200333130-00003
https://doi.org/10.2165/00007256-200333130-00003
https://doi.org/10.2165/00007256-200333130-00003
https://doi.org/10.2165/00007256-200333130-00003
https://doi.org/10.1152/jappl.1991.71.2.644
https://doi.org/10.1152/jappl.1991.71.2.644


14 

 

46. Jougla A, Micallef JP and Mottet D. Effects of active vs. passive recovery on repeated 

rugby-specific exercises, J Sci Med Sport, 2010; 13: 350-355. 

[http://dx.doi.org/10.1016/j.jsams.2009.04.004] [PMID: 19560972] 

 

https://doi.org/10.1016/j.jsams.2009.04.004
https://doi.org/10.1016/j.jsams.2009.04.004


15 

 

Table 1: Individual scrummaging force magnitudes, playing levels and ground compositions from recent publications. 

Study 

Individual 

force 

magnitude (N) 

Body mass 

(kg) 
Playing level Measurement of maximal force 

Ground 

composition 

Quarrie & Wilson [15]  1370 ± 280 96.9 ± 9.8 Premier club peak Synthetic matting 

Hot et al. [26] 1466 ± 244 96.9 ± 10.1 Club elite NS NS 

Wu et al. [13]  1171 ± 277* 85.5 ± 9.61 National peak Indoor 

Sharp et al. [17]  4493 ± 151 112.1 ± 6.5 Professional peak Synthetic matting 

Sharp et al. [17]  3091 ± 653 101.4 ± 9.3 Senior amateur peak Synthetic matting 

Sharp et al. [17]  3362 ± 788 99.1 ± 6.0 Junior amateur peak Synthetic matting 

Mensaert et al. [27] 3205 ± 3093  NS Junior amateur peak Indoor 

Mensaert et al. [27] 3076 ± 1014 NS Senior amateur peak Indoor 

Mensaert et al. [27] 5010 ± 1195 NS Professional peak Indoor 

Cazzola et al. [19]  2800 ± NS 102.4 ± 15.0 University 1st XV peak Indoor 

Morel et al. [28] 1609 ± NS 90.9 ± 9.8 Elite u-23 mean sustained over 5 seconds Synthetic track 

Green et al. [11] 2254 ± 649 101.0 ± 14.1 Club amateur/university peak Natural turf 

Morel & Hautier [29] 1741 ± 207 103.3 ± 11.8 Elite u-23 peak during engagement phase Artificial turf 

Green et al. [23] 2274 ± 636 99.0 ± 18.2 Club amateur/university peak Natural turf 

Green et al. [30] 2458 ± 455 103.0 ± 12.1 Club amateur/university peak Natural turf 

Green et al. [31] 1720 ± 363 106.2 ± 13.3 University 1st XV peak Indoor 

Bayne & Kat [32] 2290 ± 410 100.7 ± 15.0 Club amateur/university 
mean sustained resultant force 

over 9.5 seconds 

Natural turf 

Sprinting blocks  

Clayton et al. (2019) 1114 ± 41 NS Club amateur/university mean sustained over 5 seconds NS 

NS: Not specified within text 

* calculated from percentage of average body mass and converted to force  
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 1 

Table 2: Pack playing levels, weights and sustained compressive forces during team 2 

scrummaging 3 

 4 

  

Playing 

level 

Pack weight 

(N) 

Sustained compressive force 

(N) 

Milburn [16] 
High school 5588 3370 

University 6726 4160 

Quarrie & Wilson [15] 
Premier 

rugby 
7570 ± 350 7234 ± 726* 

du Toit et al. [14] High school NS 6848 ± 1140 

du Toit et al. [20] High school 6406 ± 235 6146 ± 1337 

Preatoni et al. [10] 

(crouch touch set call) 

School 6685 ± 637 4900 ± 1300 

Women 6326 ± 257 4800 ± 500 

Academy 7771 ± 197 5900 ± 800 

Community 8262 ± 325 5800 ± 400 

Elite 8523 ± 143 8000 ± 700 

International 8749 ± 165 8300 ± 1000 

Cazzola et al. [19] 

(crouch touch set call) 
Elite 8378 ± 275 3800 ± 1200 

Cazzola et al. [19] 

(prebind) 
Elite 8379 ± 275 3800 ± 1400 

NS: Not specified within text 5 

* Authors state that packs were able to exert 66% of the peak impact force during active 6 

scrummaging (sustained force). 7 

 8 

  9 



17 

 

 10 

Table 3: Kinematics of individual scrummaging attempts at maximal sustained force. 11 

 Sample size Hip (°) Knee (°) Ankle (°) 

Quarrie & Wilson [16] 56 123 ± 24 107 ± 13 78 ± 11 

Wu et al. [13]* 10 121 ± 7 101 ± 18 62 ± 16 

Mensaert et al. [27] 28 162 ± 73 101 ± 40 85 ± 25 

Green et al. [30] 25 114 ± 17 144 ± 16 73 ± 16 

Green et al. [31] 12 103 ± 33 124 ± 16 89 ± 18 

Bayne & Kat [32]* 29 126 ± 17 129 ± 14  89 ± 7 

*feet in the parallel position 12 

Hip and knee angles have been adjusted to report the degree of extension (full extension 13 

denoted by 180°). 14 
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 16 


