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ABSTRACT

A new idea of recovery has been discovered called self-myofascial release. Foam rolling is one of the
self-myofascial approaches that can help to speed up the recovery process. It works by relaxing
contracted muscles, improving blood and lymphatic circulation, and stimulating the stretch reflex in
muscles. However, there is no previous research that studies the comparison of recovery modalities
between foam rolling (FR), massage (M) and passive recovery (PAS) as tools of the recovery process
on youth footballers. The aim of this study was to examine the effectiveness of FR (20 minutes of FR
exercises on quadriceps, hamstrings, adductors, gluteus, and gastrocnemius), M (20 minutes of M on
quadriceps, hamstrings, adductors, gluteus and gastrocnemius) and passive recovery (20 minutes sit
on a bench) interventions performed immediately after a training session on Total Quality Recovery
(TOR), perceived muscle soreness (VAS), jump performance, agility, sprint, and flexibility 24 hours
after the training. During the two experimental sessions, 30 UiTM FC football players participated in
a randomized controlled trial design. The first session was designed to collect the pretest values of each
variable. After baseline measurements, the players performed a standardized football training. At the
end of the training unit, all the players were randomly assigned to the FR, M and PAS recovery groups.
A second experimental session was conducted to obtain the posttest values. As results, CMJ, agility
(Arrowhead) and TOR showed positive effects in the FR group in comparison with the M and PAS
groups at 24 hours after training. Thus, it is recommended that football coaches and physical trainers
working with football players use a structured recovery session lasting approximately 20 minutes based
on FR exercises that could be implemented at the end of a training session to enhance recovery between
training loads.
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INTRODUCTION

Football is a strenuous contact team sport that integrates technical, tactical, and physical skills (Stelen
et al., 2005). Match analysis and physiological monitoring have revealed that football encompasses
intermittent bouts of high-intensity actions of short duration, including sprinting, jumping, dribbling,
tackling, and kicking (Rampinini et al., 2011). Time-motion analysis studies reported that during a 90-
min game, an elite player is capable of traversing a distance of 10—12 km, reaching around 80-90% of
their maximum heart rate and 70-80% of their maximum oxygen consumption (Stelen et al., 2005).
Consequently, most of the body's physiological systems experience stress during games and intense
training programs (Reilly & Rigby, 2001), which can make certain players more susceptible to acute
fatigue and overload injuries. This is particularly true during congested fixture periods, when players
are expected to compete and train frequently within a limited timeframe (Nédélec et al., 2012).

Prior research (Ispirlidis et al., 2008; Nédélec et al., 2014) has shown that it takes a minimum of 48-72
hours of rest for metabolic balance, muscle recovery, and reduction in anaerobic performance decline
after a competitive match. This duration of rest may be lengthy when teams are faced with frequent
matches in a short period of time. For instance, indicators of muscle injury at a biochemical level, such
as creatine kinase (CK) and markers of inflammation (Ispirlidis et al., 2008; Nédélec et al., 2014),
remain present for a duration beyond 72 hours; physical performance decrements (as evidenced by the
large decreases in jump and sprint performance, and in isokinetic knee extension and flexion peak
torques) are present for 24-96 hours after competition (Ispirlidis et al., 2008; Nédélec et al., 2014;
Thomas et al., 2017). Hence, the ability to recover from rigorous training and competition is seen as a
crucial factor in achieving success in football (Rey et al., 2019). In order to improve performance and
minimize the occurrence of muscle damage, overtraining symptoms, and lower limb injuries, it is
essential for technical and medical personnel to employ efficient recovery procedures (Rey et al., 2019).

In order to expedite the process of recovery, many postexercise approaches have been proposed and
categorized as either active or passive recovery (Barnett, 2006). The football-specific scientific
literature has examined and discussed on the effectiveness of various recovery procedures (Rey et al.,
2019), such as stretching (Marin et al., 2012; Tessitore et al., 2007), low intensity aerobic activity (Rey
et al., 2012), cold-water immersion (Rowsell et al., 2009), or neuromuscular electrical stimulation
(Taylor et al., 2015). Nevertheless, there are often employed techniques in the field that lack empirical
support specifically in the context of football players (e.g., massage, sauna, foam rolling [FR], and
whole-body cryotherapy) (Rey et al., 2012). Foam rolling is an emerging technique for recovery, which
involves self-myofascial release (Schroeder & Best, 2015). It shares various physiological effects with
massage and has the potential to aid in fatigue recovery. These effects include enhancing arterial
function, improving vascular endothelial function, reducing muscle soreness, and decreasing activity in
the parasympathetic nervous system (Beardsley & Skarabot, 2015).

During self-myofascial release (FR), individuals apply pressure to the affected soft tissue using their
own body mass, which stimulates the Golgi tendon unit and reduces muscular tension (Junker & Stoggl,
2015). As far as we know, there are only a few researches that have examined the impact of FR on the
process of recovery. In general, published research has demonstrated the efficacy of FR (foam rolling)
in promoting recovery by reducing muscle soreness (Casanova et al., 2017; MacDonald, 2013; Pearcey
et al., 2015) and performance improvements in sprint (Pearcey et al., 2015), jump (MacDonald, 2013;
Pearcey et al., 2015), agility (Pearcey et al., 2015), muscle activation (MacDonald, 2013), and passive
and dynamic range of motion (MacDonald, 2013) in comparison with various control conditions.

Athletes and players frequently employ foam rolling as a prominent recovery technique following
competition and training. However, as far as we know, only one study has evaluated the efficacy of
FR for recovery following football-specific training. The aim of this study was to investigate the
efficacy of a foam roller as a recovery tool for male football players. We in particular examined the
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impact of FR on muscular soreness, perception of recovery, sprint performance, agility, vertical jump
height, horizontal jump distance, and range of motion. Assuming the underlying principle of myofascial
release has the potential to expedite the restoration of homeostasis in muscles that have been exercised,
we put forth the hypothesis that engaging in self-massage using a foam roller would elicit more
pronounced recovery-related outcomes when compared to both the massage therapy and control groups.

METHOD
Experimental Approach to the Problem

A randomized parallel study was conducted to assess the effects of three post-exercise recovery
modalities on physical performance and perceived recovery 24 hours following a training session.
Examining football players during their real training period was believed to enhance the relevance and
application of the results. The three modes were as follows: (a) foam rolling (FR), (b) massage (M), and
(c) passive recovery (PAS). During the testing sessions, it was necessary for the participants to wear
identical athletic gear, and the measurements were taken at identical times of day in order to mitigate
the impact of diurnal fluctuations on the chosen variables throughout both experimental sessions. Prior
to the commencement of each testing session, players abided by the aforementioned guidelines that
were formulated to be adhered to before the administration of the test.: (a) not consume any
energy/performance-enhancing drinks or supplements 48 h prior to testing; (b) not consume beverages
containing caffeine or alcohol at least three hours before testing; and (c) not consume food at least two
hours prior to testing. Furthermore, the first experimental session was conducted following a period of
72 hours of rest. Prior to anaerobic testing, all participants engaged in a 10-minute standardized warm-
up routine. This routine consisted of 5 minutes of submaximal running, both with and without changes
in direction, followed by 2 minutes of gentle dynamic stretching (10 repetitions for hamstrings,
quadriceps, and calf muscles) and by short distance accelerations (3 submaximal sprints, progressing to
90% of their maximal velocity for the shuttle distance [30 + 30 m]). This routine was supervised by the
team’s physical trainer before the tests.

Participants

Thirty Universiti Teknologi MARA (UiTM) collegiate football players volunteered for this
study (Mean = SD; age = 20 + 1.1 years; height = 171 £ 4.5 cm; weight = 65 £+ 7.4 kg). All participants
were classified as intermediate football players with 9.5 £ 2.5 years of football training. Subjects were
randomly assigned to experimental (a) foam rolling (FR) group (n=10), (b) massage (M) group (n=10),
and control (¢) passive recovery (PAS) group (n=10) (Table 1). The players consistently engaged in 4-
5 football sessions per week with their team and, on average, spent 10 £ 1.7 hours per week in their
regular training regimen. The team consistently competed in one official match per week. The probe
occurred in the midst of the season. During the investigation, players were engaging in five weekly
training sessions. Only players who completed the entire training session were taken into account for
inclusion. The exclusion criteria were injuries that caused the individual to miss one or more football
matches or training sessions in the month leading up to the commencement of data collection. None of
the participants had previous experience of rigid FR exercise protocol. Before taking part, the
investigator provided all participants with information regarding the advantages and potential risks
associated with participating in the experiment. All participants then read and signed a written informed
consent statement, expressing their voluntary intention to participate. Human ethics clearance was
granted by the Institutional Ethics Committee prior to the completion of any testing procedures.
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Procedures

Two consecutive experimental sessions were conducted during the in-season period. The
participants were instructed to arrive well-rested at the same time each evening for both experimental
sessions, which were separated 24 hours apart. The first session was intended to obtain the player's
subjective evaluations and anthropometric measurements (pretest). Immediately after, all players
engaged in a regular football training session which lasted for 60 minutes. The session comprised of
various activities, including a 7-minute session of continuous dribbling and passing combination play,
a 6-minute small-sided game, two sets of 12 intervals of 15-second sprints with 15-second intervals of
passive rest between each repetition, and 5 minutes of passive recovery between sets and two sets of
15-minute-high intensity positional games. In order to maintain consistent training intensity between
the FR and control groups, players were instructed to rate their perceived effort (RPE) on Borg's 0-10
scale at the end of the session. The session duration was used to calculate an RPE-load value by
multiplying each individual RPE value. Following the completion of the training unit, all players were
assigned to either the FR group, M group or the passive recovery (PAS) group by a random selection
process. A second experimental session was conducted to get the post-test values. Players performed
the same test, administered in the same order as in the first trial.

Jumping, sprint velocity, agility and flexibility are considered as determining factors of
professional football players (Stelen et al., 2005). These indicators were used in this study as simple
and reliable measures of performance. Before the tests the players performed a 15 min structured warm-
up adapted from Olsen et al. (2005) to prevent lower limb injuries, during which they carried out transit
mobility, technique, balance, and power exercises. After the warm-up, the players performed 5 tests,
administrated in the same order throughout the study: (a) countermovement jump (CMJ); (b) standing
long jump (SLJ); (c) 20 m sprint; (d) Arrowhead agility test; and (e) sit and reach. Participants were
habituated to these tests, routinely administrated during the football season. For each test, players were
allowed 2 trials, with a 3 min recovery period between. The best trial was used for subsequent analysis.

Vertical Jump Performance

CMJ was performed on a force plate (SWIFT EZJump Mat, Australia), which calculates the
height of the jump. For the CMJ, from a standing position with the hands fixed on the hips, the football
players were required to bend their knees to a freely chosen angle and perform a maximal vertical thrust
(Rodacki et al., 2002). Participants were instructed to keep their body vertical throughout the jump and
to land with knees fully extended. Any jump that was perceived to deviate from the required instructions
was repeated.

Horizontal Jump Performance

SLJ test required participants to stand at the back of a line marked on the ground together with
feet slightly apart. A pair foot take-off and landing was used, together with arms yet bending regarding
the knees in imitation of provide foregoing drive. The participants attempted in conformity with jump
as far as possible, landing with both feet without falling backwards.

20-m Sprint Test

The 20 m sprint was performed on the field. This test involves running over 20 meters of a
single maximal sprint, with recorded time. Participants were given to practice before the test started.
Start with one foot in front of the other from a stationary position. The front foot has to be either on or
behind the start line. This starting position should be held for 2 seconds before starting and there should
be no rocking movements are required. This test used the stopwatch to record the timing. The timing
started after the participants from the first movement and the timing stopped after the chest of the
participants passed the finishing line. Each player was granted two attempts, with a two-minute interval
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of rest in between. Throughout the two experimental sessions, the participants were instructed to wear
the same footwear in order to minimize the impact of varying sporting equipment on performances.

Arrowhead Agility Test

The arrowhead agility test was measured by using a stopwatch. The participants are allowed to
position their front foot 20 cm away from the starting point. When they are ready, the player needs to
sprint as fast as they can around the marker, from the starting point to the middle marker (A), turn to
the side (B), then sprinted around marker (C) and lastly sprint back to the starting point. Time will be
started and taken once the running begins. The participants will run either on the left side or right side
depending on the trial. Two trials are needed for each side. The order will be alternated to avoid any
effect of fatigue on the other side.

Flexibility (Sit-and-Reach) Test

The sit-and-reach test was applied to evaluate the progress in lumbar and hamstring flexibility.
The sit-and-reach test was conducted using the protocol proposed by Wells and Dillon (1952). Two
trials were conducted, with a 30-second interval between each trial.

Perceptual Measures

Two different perceptual measures were administered before the training session and 24 hours
after. The Total Quality Recovery (TQR) scale proposed by Kenttd and Hassmén (1998) was used to
evaluate the player’s general perception of recovery. Additionally, players rated their muscle soreness
level on a visual analog scale (VAS) from 1 to 7 (1 = very, very good; 2 = very good; 3 = good; 4 =
tender but not sore; 5 =sore; 6 = very sore; and 7 = very, very sore) (Morgan et al., 1988) using palpation
of the belly and the distal region of relaxed knee extensors and flexors in order to assess delayed onset
muscle soreness. The players had been familiarized with the instruments for one week prior to the
beginning of the study.

Recovery Modalities

The recovery protocols were performed immediately at the end of the first experimental training
session (approximately 5 min after the training session). The participants in the FR group, using a high-
density foam roller, performed five different exercises, targeting muscle groups most used in soccer
(quadriceps, hamstrings, adductors, gluteus, and gastrocnemius). Players were instructed to begin with
the foam roller at the most distal portion of the muscle and to place as much of their body mass as
tolerable on the foam roller at all times. Players were advised to roll their body mass back and forth
across the foam roller as smoothly as possible at a cadence of 50 beats per minute (Pearcy et al., 2015).
The participants performed each of the five exercises on both the right and left legs for two 45-s bouts
each with a 15-s rest. Total FR time was 20 minutes. The FR protocol was supervised by two of the
investigators.

The massage protocol adapted and modified from Arabaci (2008) was for recovery modalities
of massage. The massage protocol was performed chronologically on each participant to ensure
consistency and reliability. The massage procedure focused on the anterior and posterior sides of both
legs. The massage was applied on the same muscle group (quadriceps, hamstrings, adductors, gluteus
and gastrocnemius) as foam rolling. The lubrication assists the sports massage therapist to easily
maneuver the hands on the skin surface and to reduce friction which may agitate the participant’s skin.
According to Arabaci (2008), a sufficient amount of oil would be enough to give comfort during the
application of massage without irritating the skin or hair on the lower limb. Total M time was 20
minutes. The M protocol was conducted by two experienced masseurs from a professional football club.
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During the passive recovery, the players were instructed to sit on a bench for 20 minutes,
according to the duration of the FR and M protocols. The players were instructed to not engage in any
other form of recovery procedure (i.e., PNF, cold water immersion, etc.) during the two experimental
sessions.

Statistical Analyses

Data were presented as means £ SD. A 0.05 level of confidence was selected throughout the
study. Statistical analyses were conducted using the statistical package IBM SPSS Statistic version 25.
A paired samples t-test was performed to evaluate whether there was a difference between the
performance and perceptual variables of UiTM Perlis FC footballers before and after the recovery
intervention. In addition to this testing, for each variable percentage difference in the change scores
between FR, M and passive recovery (PAS) from pretest to posttest was calculated.

RESULTS
Performance Measures

The results in Table 1 indicated that there was significant improvement after post-test when
compared to pretest in AAT (right) performance while showed a significant decrement after post-test
when compared to pretest in CMJ performance for passive recovery. No significant different had been
found in other variables. For foam rolling, there was significant improvement after post-test when
compared to pretest in CMJ, AAT (right) and AAT (left) performance while no different had been found
in other variables. Lastly for massage, there was significant improvement only for AAT (right) and
AAT (left) performance while no different had been found in other variables.

Perceptual Measures
There was significant improvement after post-test when compared to pretest in VAS for passive
recovery and TQR for foam rolling while the other variables were found to be no significant

improvement as being showed in Table 1.

Table 1: Pre-Post Results in Physical Performance Tests and Subjective Ratings After FR, M and PAS in
UiTM FC Football Players

Passive Recovery (N=10) Foam Rolling (N=10) Massage (N=10)
Pre Post p A (%) Pre Post p A (%) Pre Post p OA
values values values (%)
Performance Measure
CMJ (cm)  38.4%5.8 37.246.1 0.02 -3.01 37.4+3.8 39.8+3.2 0.003 6.63 39.2:6.6 40.246.3 >0.05 23
SLJ(m)  2.15:0.21  2.18+0.21 >0.05 1.4 219:0.13  2.30£0.14  >0.05 4.84 215:0.21  2.18+0.21 >0.05 513
20m Spr('g; 3.3:0.2 3.3:0.2 >0.05 0.85 2.240.1 2.3+0.1 >0.05  -1.01 2202 22402 >0.05 39
AAT - "(esf; 8.2£0.5 8.3£0.5 5005 046 8.3£0.3 7.8£0.5 001 575 8103 7.7:0.2 0.001 48
AAT— 53105 8.3+0.5 0.008 0.70 8.4+0.3 7.8+0.6 0.01 -7.04 8.3+0.3 7.8+0.3 0.001 p
Right (s) 5.81
Sit and
Reach  35.649.9 35.649.7 >0.05 0.15 36.2+8.0 37.147.5 >0.05 2.59 35.7+8.5 36.646.5 >0.05  2.59
(cm)
Perceptual Measure
TQR 1542 1241 >0.05  -17.01 1342 150 0.005 1364 1542 1541 >0.05 3.36
VAS 14413 3.3+1.4 0.01 135.71 27420 3.3+1.9 >0.05 2222 2.042.2 23+23 >0.05 15
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DISCUSSION

Several post-training recovery interventions have been suggested to enhance performance, and to avoid
the incidence of muscle damage, the symptoms of overreaching, and the lower limb injuries that result
from the high frequency and intensity of training, despite the lack of scientific agreement regarding
their efficacy (Rey et al., 2012). Thus, the present study was mainly designed to investigate the effects
of immediate post-training foam rolling (FR), massage (M) interventions and passive recovery (PAS)
in UiTM Perlis FC football players on performance and perceptual variables.

Performance Measures

The primary findings of this investigation were found to have significant improvement after
post-test when compared to pre-test for AAT (right) in passive recovery. The possible explanation might
be due to the nature of AAT movement as it need more resting time since it can be considered as high-
intensity exercise. This had been agreed by Van Gelder and Bartz (2011) that agility is as a rapid whole-
body movement with change of running direction in response to a stimulus. Therefore, during passive
recovery, players were required to rest which directly led them having more time for recovery. Apart
from that, there was a significant decrement had been showed in CMJ performance after post-test when
compared to pre-test. Since jumping performance can be defined as can be defined as the explosive
nature of force production (Abdessemed et al., 1999) which requires a minimum of at least 3 minutes
for its full replenishment (Pincivero and Campy, 2004). Due to that, the possible explanation of
performance decrement might be due to recovery time was too long which led muscle to become less
ready to perform the post-test as being recommended by Spencer et al. (2006) as to ensure athlete have
optimal preparation for the following exercise. In contrast, there were no significant improvement had
been found in SLJ, 20 m sprint, AAT (left) and sit & reach. The possible explanation of reducing the
performance might be due to the inability to reduce the blood lactate during recovery session. Previous
study had agreed that, decreasing blood lactate levels following the exercise is a primary marker of
recovery session (Lu et al., 2019). Therefore, since the recovery methods of this study was only sitting
for 20 minutes, the level of blood lactate remaining unchanged or might be slightly reduce since
movement such as walking are more effective in reducing blood lactate levels due to muscle pumping
mechanism (Brown and Glaister, 2014; Gmada et al., 2005).

This current study incorporated many anaerobic tests and identified inconsistencies about the
effect of foam roller exercises on each variable. Foam rolling methods shown to have a significant
improvement after post-test when compared to pre-test for CMJ, AAT (right) and AAT (left). The
finding of this study found to be similar with previous studies by Pearcey et al. (2015) when they found
that the FR group showed significant improvements in vertical jump performance 24 hours following
exercise-induced muscle damage and Rey et al., (2019) as FR had a large benefit in minimizing
decrements in agility performance 24 hours after training (Rey et al., 2019). The possible explanation
might be, since both components can be considered as high intensity movement, the improvement may
have been related to a reduction in reduced pain, increased voluntary activation, and a reduction in
neural inhibition (MacDonald, 2013; Pearcey et al., 2015). In contrast, there were no significant
improvement had been found in SLJ, 20 m sprint and sit & reach. There were several previous studies
that found similar findings with this study where foam roll does not improve power performance (Jones
et al.,2015), a review by Wiewelhove et al. (2019) found that post-rolling recovery exercise-induced
decreases in sprint and no significant different for flexibility after foam rolling session (Couture et al.,
2015). The possible explanation of no improvement for all variables might be due to the consistency of
the pressure given towards the selected area which might become as one of the limitations of this study.
This had been agreed by Couture et al. (2015) that a major factor influencing the results was the pressure
per unit area exerted by the roller onto the tissue, which is influenced by the roller density and diameter.

In addition, this study found to have a significant improvement for massage recovery protocols
after post-test when compared to pre-test for AAT (right) and AAT (left). The possible explanation
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might be due to nature of agility exercise which can be considered as high intensity movement that can
caused muscle damaged. Therefore, previous study by Mancinelli et al. (2006) have the similar findings
where the application of massage can alleviate soreness on agility performance. In contrast, there were
no significant different had been found in CMJ, SLJ, 20 m sprint and sit & reach. This study found to
be similar from previous study by Zainuddin et al. (2005) where it is beneficial in reducing DOMS and
swelling associated with high-intensity eccentric exercise, but for recreational athletes and sports
professionals who use massage should be cognizant of the fact that no positive effects of massage on
recovery of muscle function can be expected. In addition, no different had been found on those variables
might be due to the consistency of massage related to pressure and area which can be considered as one
of the limitations of this study.

Perceptual Measures

The potential for psychological factors influencing the individual’s performance is crucial for
coaches (Tessitore et al., 2007). The TQR scale is a commonly employed approach to evaluate the
recovery and under-recovery status of athletes. It aims to demonstrate the connection between training
and recovery in a practical and non-invasive way (Kenttd and Hassmén, 1998). Earlier research has
shown significant inverse correlations between TQR (Total Quality Recovery) and indicators of muscle
injury, such as CK (creatine kinase). This suggests that TQR could serve as a reliable indicator of the
recovery status of athletes participating in team sports (Osiecki et al., 2015). The results of the present
study showed a significant improvement (p=0.005) in TQR values 24 hours post-training for the FR
group, indicating self-massage with foam rolling can enhance a player’s perception of recovery
significantly more than massage and passive recovery. This data is consistent with earlier literature that
has utilized the TQR scale to evaluate the recovery state following the implementation of various
recovery techniques in football players. In their study, Rey et al. (2019) investigated the impact of foam
rolling as a post-match recovery method on the physical performance and subjective perceptions of
recovery in young football players. The researchers used the TQR method to assess these factors. The
aforementioned study's findings demonstrate that utilizing foam rolling as a recovery strategy has a
significant effect on TQR values. Considering the weight of players' perceptions in football, the findings
of this study have noteworthy practical implications. Therefore, coaches should contemplate
incorporating foam rolling exercises into the cool-down phase to enhance the players' psychological
well-being and their readiness for subsequent training sessions the following day. VAS results in
addition, showed that active recovery modalities; FR and M are able to reduce soreness.

CONCLUSION

In summary, the findings of the present investigation suggest that incorporating post-training FR
exercises may be beneficial for alleviating muscle soreness, improving players' perception of recovery,
enhancing vertical jump performance, and increasing agility in professional football players on the
subsequent day. Football, being a physically demanding and high-intensity team sport, imposes
substantial physical and psychological demands on players during both training and competition.
Therefore, coaches and strength and conditioning professionals must employ appropriate recovery
strategies to optimize players' readiness for upcoming performances. This study shows that
incorporating FR exercises into the cool-down phase for football players is beneficial in reducing
muscle pain, improving the players' perception of recovery, and enhancing anaerobic performance 24
hours after an intense football training session. Considering the importance of players' emotional state,
it might be considered that any measures made to improve the perception of recovery following exercise
could assist football players to train effectively, meet the intended workload, and achieve the desired
level of performance. Therefore, in order to reduce the detrimental effects of football training, coaches
and strength and conditioning experts who work with elite players might construct recovery sessions
lasting around 20 minutes, utilizing FR exercises, to improve recovery between training sessions.
Furthermore, coaches could be advised to employ perception questionnaires to monitor players' levels
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of fatigue and recovery, as well as individual responses to specific recovery methods, to customize
recovery sessions, especially during congested fixture periods or demanding training micro cycles.
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