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ABSTRACT

Plantar pressure is related to injuries in the lower extremities and can be influenced
by certain individual factors. However, the pressures of complex but important actions
in team sports, such as rugby scrum, have not yet been analyzed. The aim of the study
was to examine whether there is a relationship between plantar pressure and
individual factors such as age, height, weight or foot size during the rugby scrum
gesture. The plantar pressures of 24 men and 20 women, all healthy rugby players,
were recorded using the BioFoot® system, during various scrum situations. Positive
correlations were found with weight, height and foot height (pearson r>0.33 and
p<0.05), especially in the forefoot and toes area. These results can serve to better
understand the behavior of plantar pressure in a gesture that has not been studied so
far.
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INTRODUCTION

Due to Newton's third law and the action-reaction principle, when a person places his
foot on the ground (to perform any action), reciprocal forces appear between the
person and the ground. In this way, the person exerts a force on the ground that will
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depend on his own weight and the type of movement he makes, and the ground will
exert an equal force at that instant but in the opposite direction, called the reaction
force (1-3). The measurement of these forces is essential to understand the
distribution of pressures exerted on the sole of the foot. Baropodometry is a tool to
explore the behaviour of the plantar footprint. This method identifies support
components and load pressure levels according to established zones (4). Repeatedly
high plantar pressure means increased impact on the adjacent knee and hip joints,
which can lead to injury. and hip joints and may cause overuse or repetitive injuries
due to the accumulation of these micro-impacts (5). It is also known that fatigue-
induced changes in plantar pressure sustained over time can lead to various overuse
injuries and stress fractures due to loss of motion technique and alteration of the
optimal pressure pattern (6). In this sense, plantar pressure analysis is important for
the diagnosis and treatment of different pathologies (7).

In team sports, most of the situations that occur are in a standing situation, with one
or both feet resting on the ground (8). or both feet on the ground. In this case, plantar
pressure analysis also provides both information about the body schema (8, 9) and
information about the performance of the individual (10). There is little research that
has dealt with plantar pressure in rugby, focusing mainly on the running action (11).
However, other very important phases of the game have been left unexamined, such
as the scrum. The rugby scrum is a fundamental component of the sport. It is the phase
in which play is restarted after an infringement due to an opponent's foul or
breakdown, which consists of an organised formation of 8 players from each team, in
which both teams compete for possession of the ball (12, 13). It represents both a
powerful offensive skill, which provides a base for launching attacks, and a defensive
skill, which aims to disrupt the opponent's possession. Given its intense physical nature
and the presence of impacts, the scrum can place very high biomechanical demands
on players' musculoskeletal structures and, therefore, can expose players to the risk
of both acute and chronic (overuse) injuries (12, 13). While scrums may be associated
with a number of potential injury risk factors, there is currently very little scientifically
obtained quantitative data that attempts to identify and describe them. There is a
lack of information on the forces and movements involved in the actual scrum and
consequently little objective knowledge on how performance can be optimised and
injury prevented (13).

The ability to apply force against the ground and against the opposing team during this
phase can be of great interest to players and coaches because of the tactical advantage
it brings (12, 14). The scarce scientific literature reflects that the joints most involved
in the push-off (hip and knee) should be positioned in 90° flexion to maximise their
efficiency in the push-off. The trunk must be in a neutral, strong and stable position
and have coordination of various motor patterns to avoid injury. In addition, the
shoulders must always be in line with (or higher than) the hips, avoiding a downward
thrust that causes the scrum to collapse (15). The position of the feet is personal and
depends on the individual player, but a dorsiflexion of approximately 60° is
recommended (16). Less dorsiflexion can alter the rest of the body structure (17),
worsening the ideal technical position for the thrust (Figure 1) (18). With this ankle
dorsiflexion, most of the pressure of the foot falls on the forefoot, the area from which
the push-off forces start.
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Figure 1: Body image of the anatomical position of the scrum push (black: position
at the starting point, red: position after the forward push).

Differences in anatomical structures and individual anthropometric characteristics
lead to differences in both the kinematics and kinetics of lower limb movement (19-
24). It is therefore possible that individual factors such as age, height, weight or foot
size may influence plantar pressure, in this case in rugby players during a scrum, and
may help to understand the development of pathologies in this sport. The influence of
these factors on this particular scrum gesture has not been studied, but there is some
scientific evidence to suggest that there may be a relationship between weight (25,
26), height (27) and foot size (21) with plantar pressure in general, so it is hypothesised
that these relationships may also occur in this sporting gesture.

In this sense, the aim of the present study was to study whether there is a relationship
between plantar pressure and certain individual factors such as age, height, weight or
foot size during the rugby scrum.

MATERIALS Y METHODS

Participants

The study population were amateur rugby players of regional category, Spanish
nationality and ages between 13 and 45 years. Thus, the sample consisted of 44
athletes (20 females and 24 males; age = 22+6 years; height = 1.70+£0.10 m; weight =
76.6x20.4 kg; foot size = 41+3).

Inclusion and exclusion criteria were:

- Inclusion criteria: healthy rugby players, who played in the 1st, 2nd or 3rd row
position, were within the established age range (13 - 45 years) and played rugby at
amateur level.

- Exclusion criteria: players who were injured or recovering from injury, had a serious
injury in the last year and were not within the age range.

All participants were fully informed about the protocol, the experimental sessions, the
importance of their involvement in the sessions and the risks/benefits associated with
the practice of physical activity,and signed an informed consent prior to their
participation in the project. This study was approved by the University's ethics
committee (UCV/2020-2021/172), complying with the requirements established in the
declaration of Helsinki.
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Protocol

Each participant underwent a single measurement session. First, age and foot size were
asked. Then, athletes were weighed and measured for height following the protocol of
Norton and Olds (28). For weight, a scale with a measurement error of 100 g was used,
and the measurement was taken with as little clothing as possible. Height was
measured using a measuring rod, with the player's feet together, heels, buttocks and
upper back touching the measuring rod, and head positioned in the Frankfort plane
(which is the plane in which the lower edge of the eye socket is in a horizontal line
with the upper notch of the ear tragus). This position was to be maintained throughout
the measurement process, with the measurement being taken at the highest point of
the head during a deep inspiration. Both measurements were always taken at 20:00 h,
taking the measurements at the same place and time and with the same scout, as
recommended in the literature (29).

Next, all players performed a specific and standardised warm-up, established on the
basis of the World RugbyTM ACTIVATE Injury Prevention Exercise Programme (30). This
warm-up consisted of a first part of mobility and muscle activation. This was followed
by exercises involving acceleration, deceleration and changes of direction. Finally, we
moved on to a more specific warm-up where we worked in scrum position, and
emphasised static and dynamic lumbo-pelvic stability work and activation of the core
and neck musculature.

Once the warm-up was over, the players were given a 5-minute rest period while the
test to be performed was explained to them, so that they could perform the
measurements without fatigue. The players then performed a number of scrums. In
each scrum one player was measured and each player performed two repetitions of
the activity. The measurement time was 10 s, which is approximately the time that
elapses in a scrum from the moment the players enter the scrum until the ball is
released and the players separate.

Procedure

The BioFoot® plantar pressure measurement system (IBV, Valencia, Spain) was used
for the plantar pressure analysis. BioFoot® is a footwear system that measures plantar
pressure at the interface between the shoe and the foot. It consists of a pair of thin
(0.7 mm) flexible polyester insoles, each containing 64 piezoelectric sensors 0.5 mm
thick and 5 mm in diameter. The insoles are available in different sizes, allowing a
good match with the shoe surface regardless of shoe size. These insoles are connected
to an amplifier that is attached to each ankle, which in turn is connected to a
transmission module that is attached to the participant’'s waist by means of a belt.
Data is sent from the amplifier to be recorded on a computer and then processed by a
program that displays pressure, contact time and cadence parameters. The system
uses the units of kilopascals (1 kPa = 1/98 kg/cm2). The sampling frequency was 200
Hz, taking 10 s recordings, as explained above (31). Due to material limitations, it was
decided to analyse only the pressure on the dominant foot. The dominant foot of each
athlete was established according to the scientifically validated procedure of van
Melick, Meddeler (32), i.e. by asking the athlete with which leg he/she would kick a
ball. The athletes wore their own shoes for the test. However, despite this difference
in shoes, all athletes performed the measurement with multi-cushioned boots that
were relatively similar in design.
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The sole of the foot was divided into 9 zones, following the division of Huang et al
(33). This division can be seen in Figure 2. The variables analysed for each zone were
peak pressures and mean peak pressures.
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Figure 2: The nine segments into which the foot has been divided.

Statistical analysis and data processing

The variables were collected in an Excel spreadsheet and statistically processed using
the SPSS statistical software SPSS

26 (SPSS Inc., Chicago, IL). Correlations were established between the controlled
quantitative variables (age, weight, height and foot size) and the plantar pressure
patterns. These correlations were established from Pearson's bivariate correlations.
Significant correlations (p<0.05) were classified as weak (+0.2<r<+0.5), moderate
(x0.5=r<+0.8), or strong (r=+0.8) (34).

RESULTS

Tables 1 and 2 below show the Pearson correlations found between age, weight, height
and foot size with peak (Table 1) and mean peak pressures (Table 2). Significant
correlations are highlighted in bold.

Table 1: Correlation coefficient (Pearson's r) and bilateral significance (p-value)
between age, weight, height and height of the foot and the maximum pressures in
the nine foot zones studied. P Max: maximum pressure. H: Hallux or first toe, D:
Rest of toes, MM: Medial metatarsal, MC: Central metatarsal, ML: Lateral
metatarsal, AM: Medial arch, AL: Lateral arch, TM: Medial heel, TL: Lateral heel. *
p-value significant (p<0.05), ** p-value highly significant (p<0.01).

PMaxH PMax D PMax MM PMax MC PMaxML PMax AM PMax AL PMaxTM PMax TL

Correlation coefficient
(Pearson's r) 0,02 0,03 0,35 -0,02 -0,04 0,04 0,05 0,04 0,20
Bilateral significance
(p-value) 0,91 0,86 0,02* 0,91 0,81 0,79 0,76 0,81 0,20
Correlation coefficient
(Pearson's r) 0,36 0,58 0,18 0,07 0,09 0,08 0,01 0,07 0,17

Bilateral significance
(p-value) 0,02* <0,01%* 0,24 0,67 0,57 0,60 0,96 0,65 0,28
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Correlation coefficient
(Pearson's r) 0,20 0,57 0,18 0,04 -0,11 -0,01 0,05 -0,06

0,37

Bilateral significance

Foot size

(p-value) 0,20 <0,01%* 0,23 0,80 0,48 0,94 0,75 0,69 0,01%
Correlation coefficient

(Pearson'sr) 0,31 0,55 0,15 0,07 0,05 0,03 -0,03 -0,06 0,31
Bilateral significance

(p-value) 0,04* <0,01%* 0,33 0,64 0,75 0,84 0,87 0,70 0,04%

Table 2: Correlation coefficient (Pearson's r) and bilateral significance (p-value)
between age, weight, height and height of the foot and the mean maximum
pressures in the nine areas of the foot studied. P Med Max: maximum mean
pressure. H: Hallux or first toe, D: Rest of toes, MM: Medial metatarsal, MC: Central
metatarsal, ML: Lateral metatarsal, AM: Medial arch, AL: Lateral arch, TM: Medial
heel, TL: Lateral heel. * p-value significant (p<0.05), ** p-value highly significant
(p<0.01).

PMedMax
D

PMedMax
MM

PMedMax
MC

PMedMax
ML

PMedMax
AM

PMedMax
AL

PMedMax
™

PMedMaxH T

Correlation coefficient
(Pearson's r) 0,04 0,10 0,22 0,11 -0,08 0,02 0,01 0,05

PMedMax

0,15

Bilateral significance
p-value) 0,80 0,53 0,16 0,48 0,62 0,90 0,96 0,77

0,32

Correlation coefficient
(Pearson's r) 0,33, 0,53 -0,04 0,02 -0,03 0,07 0,13 0,02

Weight

0,21

Bilateral significance
(p-value) 0,03* <0,01** 0,81 0,89 0,84 0,65 0,42 0,89

0,18

Correlation coefficient

. (Pearson's r) 0,14 0,48, -0,10 0,15 -0,28 -0,07 0,07 0,09
Height

0,33

Bilateral significance

(p-value) 0,35  <0,01** 0,50 0,34 0,07 0,64 0,65 0,56 0,03*

Correlation coefficient
(Pearson's r) 0,26 0,54 -0,17 -0,08 0,12 0,02 0,08 0,04

0,26

ECRl b teral significance

(p-value) 0,09] <0,01** 0,29 0,60 0,43 0,90 0,60 0,78

0,09

For age, a weak correlation was found between age and medial metatarsal peak
pressure (r (42) =0.35, p =0.02), but no correlation was found with mean peak pressure
(p = 0.15). With respect to weight, weak correlations were found between weight and
maximum hallux pressure (r (42) = 0.36, p = 0.02) and mean maximum hallux pressure
(r (42) = 0.36, p = 0.02). maximum hallux pressure (r (42) = 0.33, p = 0.03). For weight,
moderate correlations were also found between weight and maximum pressure of the
rest of the toes (r (42) = 0.58; p<0.01), and between weight and maximum mean
pressure of the rest of the toes (r (42) =0.53; p<0.01). In the case of height, a moderate
correlation was found with the maximum pressure of the rest of the toes (r (42) = 0.57;
p<0.01) and a weak correlation with the maximum mean pressure (r (42) = 0.48;
p<0.01). In the lateral heel, correlations were also found between height and peak
pressure and mean peak pressure (r (42) = 0.37; p=0.01) and (r (42) = 0.33; p=0.02),
respectively. Finally, weak correlations were observed between shoe size and peak
pressures at the hallux (r (42) = 0.31, p = 0.04) and lateral heel (r (42) = 0.31, p =
0.04), and moderate correlations at the rest of the toes (r (42) = 0.55, p<0.01).
Moderate correlations were also found between shoe size and mean maximum pressure
in the rest of the toes (r (42) = 0.54; p<0.01) (maximum and mean maximum pressures,
respectively). A summary of these results is shown in figure 3.
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Figure 3: Summary of the correlations observed in the different areas of the foot.
Figure A Peak pressures. Figure B Mean peak pressures (* weak correlation
(x0.2<r<+0.5), ** moderate correlation (x0.5<r<+0.8)).

All observed correlations are positive, i.e. the greater the height, weight or size of the
foot, the more pressure is exerted on that area, as indicated by the correlation
coefficients in Tables 1 and 2.

DISCUSSION

During the scrum push-off there is a large dorsiflexion of the foot (16). In this gesture,
the body weight is mainly supported in the forefoot area, and then the hip and knee
are extended to perform the thrust. Generally, the pressures shown in other areas are
due to repositioning movements in order to be able to push off again. It is therefore
logical that the correlations found in this study are mostly seen in the forefoot and
toes, as in the other areas, the pressure is very low in this sporting gesture.

In sport in general, there is some evidence that some individual factors may be related
to plantar pressure (21, 25-27). However, in the present investigation, in the case of
age, only a weak correlation was found in the medial metatarsal area, and only in the
maximum pressure. From the lack of results in this case and the lack of existing
scientific literature it can be inferred that age is not a relevant factor that can affect
plantar pressure in healthy subjects and in young or adult age. Although during the
developmental stages of childhood, it is possible that plantar pressures may be altered
(35-37); once youth is reached, these pressure parameters remain stable throughout
adulthood.

Weight has classically been directly related to higher plantar pressures (25). Body
weight explains 14% of the variance in peak plantar pressures in both healthy and
diabetic subjects (24). According to some research (38-40), subjects with higher body
weight tend to load less the inside of the forefoot area, which could explain the higher
correlation observed in the lateral part of the forefoot compared to the medial part.
This result was also observed in the present study, where a higher correlation was
found in the area of the rest of the toes than in the hallux area. This weak correlation
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could be caused by a lower plantar pressure on the medial forefoot area, as shown in
previous studies (38-40).

Regarding height, scientific evidence is scarce, but there is one study that observed a
relationship between height and plantar pressure (27). As in the present investigation,
this study showed the existence of certain correlations between height and plantar
pressure (27). study showed the existence of certain correlations between height and
plantar pressures in the forefoot. These correlations were stronger in the area of the
rest of the toes, as were the correlations with body weight. It is believed that taller
subjects and also those with greater body weight have poorer balance and are
therefore forced to exert greater pressure on the lateral forefoot area in order to
rebalance (38-40). This factor is important because, if heavier and taller subjects tend
to exert more pressure in the toe area, this area could be a potential area of risk, as
it is not designed to withstand high pressure over time.

On the other hand, it could be thought that the larger the foot size, the more the
plantar pressures are distributed among all the zones and therefore, the lower the
plantar pressures will be, as well as their ratio (21). However, in the present study,
correlations were also found in the hallux area and the rest of the toes. In the case of
the hallux, this correlation has only been observed for the maximum pressure variable
and it is a weak correlation. However, in the case of the rest of the toes, it is a
moderate correlation, both in the case of the maximum pressure and in the case of
the mean maximum pressure. This higher correlation could also be due to the fact that
people with more shoes tend to be taller and heavier (41, 42), tending to exert more
pressure on the lateral forefoot area than the medial, as discussed above.

This study of plantar pressure has provided further insight into the previously unknown
field of the rugby scrum. The relevance of the pressure of the foot on the forefoot
during this sporting gesture has been demonstrated. This study, like that of Priego
Quesada et al. (43) (carried out in paddle tennis) aims to lay the foundations of
knowledge about plantar pressure in sports in which it had not been applied until now,
as is the case of rugby and paddle tennis.

LIMITATIONS AND FUTURE PATHS

During the development of the study, several limitations were encountered, such as
the assessment of the foot type of each individual participant (cavus, neutral or flat
foot), a factor that could influence the distribution of plantar pressure. Similarly,
differences in sporting level and sporting experience could not be controlled for.
Further studies will be required to corroborate the results obtained. On the other hand,
it was considered to provide all the athletes with the same model of shoes to
standardise the measurement, but it was also taken into account that a new model of
shoes to which the athlete is not accustomed could be counterproductive and could be
used in a different way. to which the athlete is not used to could be counterproductive
and alter their motor patterns (44). Another limitation of the study was the age range
of the participants analysed (13-45 years), as it will not be the same to evaluate a
player who is in a growth phase as compared to one who is already developed. Future
research could narrow the age range in their measurements.

Also, given the results of the present study, future studies should investigate effective
strategies to reduce plantar pressures in the area of the other toes, especially in those
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who are large or heavy. In addition, further research on plantar pressure in rugby (both
in the scrum phase and in the other phases of the game) would be of interest as this
knowledge is necessary to optimise injury prevention, rehabilitation and physical
preparation in this sport. Likewise, it may be of great interest to extend this study to
different environments, leagues or countries, and even to analyse the differences
between men and women, trying to control multiple variables that may affect the
athlete and that this study has not been able to take into account.

The study of factors that may have an effect on plantar pressure may also be
interesting to investigate in order to compare between subjects, to see if the plantar
pressure patterns shown by a single subject correspond to what they should.
Furthermore, this data could be used for industrial footwear design and injury
prevention, adapting or creating specific models according to the individual factors
that have been seen, and avoiding excess pressure in certain areas that are not
designed to support an excessive load.

CONCLUSIONS

The results of the present study show that individual factors such as height, weight
and foot size can influence the plantar pressure of rugby players during the scrum,
specifically in the forefoot and toe area. The correlations observed between these
factors are positive, whereby the greater the height, weight or size of the foot, the
greater the plantar pressure. However, the age of the player does not seem to have a
relationship with plantar pressure. These results may help to better understand the
behaviour of plantar pressure in this particular rugby scrum.
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