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Abstract: Cold water immersion (CWI) and percussive massage therapy (PMT) are commonly used
recovery techniques in team sports. In particular, despite its wide use, PMT has been scarcely
investigated in the literature, especially regarding neuromuscular measures and in comparison with
other techniques. This study aimed to evaluate and compare the acute and short-term effects (24 h) of
CWI and PMT on muscle strength, contractile properties, and soreness after exercise. A randomized
crossover study was performed on sixteen male soccer players (22 years, 20-27) who participated
in three experimental sessions involving a fatiguing protocol consisting of a Yo-Yo Intermittent
Endurance Test followed by 3 x 10 squat jumps and a wall sit for 30 s, and 12 min of recovery
including CWI (10 °C water), bilateral PMT on the anterior and posterior thigh, or passive resting.
Outcomes were assessed immediately after the exercise protocol, after the recovery intervention, and
at 24 h. Isometric knee extension (IKE) and flexion (IKF) and tensiomyography (TMG) were assessed.
Muscle soreness and fatigue were scored from 0 to 10. PMT increased strength after the treatment
(p = 0.004) and at 24 h (p = 0.007), whereas no significant differences were found for the other two
recovery modalities. At post-recovery, compared to CON, CWI resulted in a longer TMG contraction
time (p = 0.027). No significant differences were found at 24 h. Finally, PMT and CWI enhanced
muscle soreness recovery compared to passive rest (Fy g = 3.095, p = 0.022, pn2 =0.171). Preliminary
results from this study suggest that PMT might improve isometric strength after strenuous exercise,
and both PMT and CWI reduce muscle soreness perception, while the effects on TMG parameters
remain controversial.

Keywords: recovery; team sport; cryotherapy; massage guns

1. Introduction

Proper recovery after training or competition has been suggested to influence subse-
quent performance and should be recommended to reduce the risk of overreaching or other
sport-related injuries [1]. In particular, recovery strategies could be helpful in mitigating the
effects of fatigue and pain on exercise capacity, allowing higher loads to be tolerated and
sport-specific performance to be improved [1]. According to the scientific literature, several
strategies and techniques can be used to accelerate recovery, such as nutrition/hydration,
cold/hot water immersion, sleeping, active recovery, stretching, compression garments,
massage, and electrical stimulation [2].

Cold water immersion (CWI) represents one of the most used recovery techniques,
especially in team sports and soccer, with athletes considering CWI one of the most effective
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treatments for recovery purposes [3]. Despite the exact mechanisms underlying the effects
of CWI on fatigue and recovery remaining elusive [4], some research suggests that it might
attenuate the effects of strenuous exercise, acting as an analgesic to reduce muscle pain,
swelling, and post-exercise inflammation [4]. As such, some authors found that it could be
useful in improving physical performance [5], and despite some conflicting results [4,6], it is
usually well accepted as a low-effort approach, thanks also to the development of different
portable tubs and systems [1]. Nevertheless, CWI often lacks standardized protocols
in terms of water temperature, timing, and duration of the immersion, and a possible
explanation for the inconsistent findings could depend on interindividual differences [7].
Among other passive recovery strategies, percussive devices have recently become popular
among athletes as self-treatment options by combining compression and vibration [8]. In
particular, the scientific rationale underlying the development of such devices includes the
effects of compression and vibration on blood flow, inflammation, muscle soreness and
stiffness, and fatigue perception [8,9]. To date, only a few studies have evaluated the effects
of percussive massage treatment (PMT) on recovery after exercise, suggesting a transient
improvement in joint range of motion and reduced muscle stiffness, with conflicting
results on muscle performance [10,11], and the influence of percussive massage on the
biomechanical parameters of muscles has been suggested, but without affecting muscle
strength [12]. Such devices can operate with different protocols in terms of amplitude,
frequency, and type of attachment, according to manufacturer instructions based on the
body area and aim; frequency has been the most commonly reported parameter, typically
ranging from 30 to 53 Hz on the muscles of the lower limbs [10]. Soccer, like other team
sports, is characterized by a high workload, including frequent training and the common
possibility of playing additional games during the week [1]. Indeed, it has been reported
that elite soccer players usually perform one game every 4.3 days, resulting in players
participating in two games per week and fewer than or equal to four recovery days under
substantial risk of sustaining an injury [13]. Since a 72 h post-match period might be
not sufficient to completely restore the homeostatic balance, it becomes fundamental to
accelerate recovery to improve performance and reduce the risk of injuries or illnesses [14].

Since the popularity of CWI and PMT among soccer players, it is expected that they
might improve neuromuscular parameters compared to a passive recovery strategy (CON)
in previously fatigued muscles by improving isometric strength and reducing muscle
stiffness and soreness. As such, this study aimed to investigate the acute and short-term
(24 h) effects of CWI, PMT, and CON on the muscle strength and contractile properties of
the lower limbs, as well as the subjective measures of soreness and fatigue, after strenuous
exercise in soccer players.

2. Materials and Methods

The present cross-over randomized study was performed between May and July 2023.
This study was approved by the local university ethics committee (122/2022) and was
conducted according to the Declaration of Helsinki principles. A signed informed consent
was obtained from all subjects involved in this study.

Participants were recruited among local soccer clubs, with the following inclusion cri-
teria: healthy males, aged between 16 and 30 years, training in soccer for more than 3 years,
and with a training frequency > 2 times/week. According to McKay’s classification [15],
included participants were in the Tier 2: Trained/Developmental group. Participants were
excluded if, at the time of the first visit, they reported time-loss injuries, which are typically
defined as injuries that restrict the athlete’s participation for at least 24 h beyond the report
of injury, during the three months before the measurements, or if they suffered from injuries
or illnesses that required a return to play >7 days in the previous year [16]. Participants
were also excluded if they reported using analgesics or other therapies affecting muscle
function or pain. During the period of this study, they were requested to refrain from
training/competitions and from the use of protocols and devices that might affect the
results, such as massage, compression garments, or electrical stimulation.
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Fatigue training

After the recruitment, all participants completed a demographics and anamnestic
questionnaire, and exclusion criteria were evaluated by two independent physiotherapists
according to the International Olympic Committee (IOC) consensus [16]. All the partic-
ipants were familiarized with the outcome assessment procedures, and particularly the
isometric knee extension (IKE) and isometric knee flexion (IKF) tests. Then, the participants
were invited to participate in a 3-week cross-over study, including 3 measurement sessions
separated by 1 week of rest (Figure 1).
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Figure 1. A schematic representation of the cross-over protocol showing the fatiguing protocol
followed by the outcomes assessment (tensiomyography and isometric strength) and the recovery
interventions (cold water immersion, CWT; percussive massage therapy, PMT; and passive rest, CON).

Every session included a fixed standardized fatiguing protocol and a randomized
recovery intervention. The sequence of recovery intervention was randomized by a re-
searcher not involved in the outcomes assessment, by drawing a card identifying the order
of the interventions. The recovery-associated outcomes were assessed within 15 min from
the ending of the fatiguing protocol (post fatigue), within 15 min after the recovery inter-
vention (post recovery), and at 24 h. All the participants were tested at the same time of the
day, in the afternoon. Participants were asked to avoid any strenuous physical activity in
the 24 h before the measurements, and to refrain from food, smoking, coffee, and energy
drinks in the 2 h before the fatiguing protocol. To reduce the influence of hydration status
on the assessed outcomes [17], all the participants were instructed to consume 500 mL
of plain water 30 min prior to the fatiguing protocol, and they were allowed to consume
plain water ad libitum during all the experimental sessions. Before the fatiguing protocol, a
10 min warm-up was allowed and encouraged.

The Yo-Yo Intermittent Endurance Test—Level 2 (Yo-Yo IE2) was used as a standard-
ized and sport-specific fatiguing protocol, consisting of 2 x 20 m repeated runs between
2 lines marked with cones with constantly increasing speed governed by signals from
a smartphone speaker. Between each run, 5 s of active rest, light jogging on the spot,
was given. When the test subject failed to reach the line twice, the test was considered
completed. The Yo-Yo IE2 has been tested for validity and reliability and has previously
been used as a fatiguing protocol in soccer players [18]. To further provide a fatiguing
stimulus, after the Yo-Yo IE2, the participants were also asked to perform 3 sets without
recovery, consisting of 10 squat jumps and a wall sit for 30 s.

2.1. Recovery Interventions

The control condition (PAS) consisted of participants resting on a chair for 12 min
in a quiet room at 25 °C. Two weeks before the first experimental session, all the partic-
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ipants familiarized themselves with the proposed recovery interventions and outcomes
assessment.

2.1.1. CWI

The CWI protocol consisted of participants standing, with only their underwear and a
t-shirt, in a portable tub for cold water therapy (Qryo, Italy), with the water to their hips
being constantly maintained at 10 £ 0.5 °C by a cooling system that pumped and stirred
the water inside the tub and around the participant’s lower limbs. Water temperature and
the duration of the immersion, which was 12 min for all the participants considering they
were characterized by similar anthropometrics and body composition, were based on the
literature [7].

2.1.2. PMT

The PMT protocol was performed with the application of a percussive therapy gun
(Theragun Elite, Therabody, Orange, CA, USA). The participants rested with their under-
wear and a t-shirt on a treatment bed, and the percussive therapy gun with a “standard
ball”, a 16 mm amplitude of percussions, and a frequency of 30 Hz was applied to the thigh
muscles of both lower limbs, 3 min on the anterior and 3 min on the posterior area of each
thigh. The protocol was based on the literature and adapted to the specific aims of this
study [10].

2.2. Outcomes
2.2.1. Isometric Muscle Strength

Isometric knee extension (IKE) and flexion (IKF) strength assessments were performed
on a treatment bed with a digital handheld dynamometer (K-Pull, Kinvent, Montpellier,
France) [19], which showed good validity and reliability [20]. For IKE, the participant was
sitting on the border of the bed, in a standardized position of 90° hip flexion with a thigh
block, and lumbar support was offered. For the IKF, the participant lay prone on the testing
bed. The limb was assessed with the knee in 90° of flexion. The axis of movement in the
knee, the lateral femoral condyle, was aligned with the axis of rotation of the dynamometer.
All starting positions were checked with a goniometer and the dynamometer was aligned
to be perpendicular to the leg. Two repetitions of each strength test were performed with a
rest period of five seconds between each repetition and thirty seconds between each test.
Participants were asked to gradually build up to a maximum force and maintain the effort,
and then relax when instructed after a total of five seconds. Verbal encouragement was
provided during testing to produce a maximum effort matched by the tester (make test)
according to the literature [21]. The maximum value (kg) was chosen. No normalization
was needed, since a paired-sample comparison was performed.

2.2.2. Tensiomyography

Tensiomyography (TMG) is a validated technique to measure in vivo skeletal muscle me-
chanical contractile properties as a radial muscle belly displacement after electrical stimulation.
TMG has been suggested to reflect skeletal muscle changes after training or immobiliza-
tion, injuries and musculoskeletal illnesses, lateral and functional asymmetries, and altered
parameters, which might reflect muscle damage and neuromuscular fatigue [19,22]. The
TMG assessment included a single, 1 ms maximal monophasic electrical impulse used to
elicit a twitch contraction that caused the muscle belly to oscillate. These oscillations were
recorded using a sensitive digital displacement sensor (TMG-BMC Ltd., Ljubljana, Slovenia)
placed on the skin’s surface at the measuring site of the muscle of interest. Initially, the
stimulation amplitude was set just above the threshold and then gradually increased until
the amplitude of the radial twitch (in millimeters) increased no further. Electrical pulses
ranged between 85 and 110 mA at a constant 30 V. An inter-stimulation time interval of
10-15 s was used. From two maximal responses, all contractile parameters were estimated
and average values were taken for further consideration. For this study, only Dm [the
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maximal displacement (mm)] and Tc [contraction time; the time between 10% and 90% of
Dm (ms)] were taken into consideration and were extracted by TMG software (Version
3.6.16) and used for offline analysis, as they have been suggested to reflect muscle damage
and fatigue [19]. Indeed, Dm is the absolute spatial transverse deformation of the muscle
and a reduced Dm is interpreted as an increase in muscle stiffness, whereas a larger Dm
implies lower muscle stiffness; Tc reflects the speed of twitch force generation, possibly
reflecting muscle fiber type or tendon stiffness [22]. Participants were asked to lay on a
physiotherapy bed and the rectus femoris (m.RF) and biceps femoris (m.BF) were assessed
bilaterally according to standardized procedures [23]. In detail, m.RF was measured at 50%
of a femur length above the patella [24], whereas m.BF was measured at the midpoint of
the line between the fibula head and the ischial tuberosity [25].

2.2.3. Muscle Soreness and Fatigue

To evaluate subjective measures of recovery, participants were asked to rate their
perceived lower limb muscle soreness for each leg, where a score of 0 corresponded to “no
soreness” and 10 corresponded to “maximal soreness” [11]. In addition, perceived fatigue
was also evaluated with a numeric rating scale from 0 (absence of fatigue) to 10 (extremely
fatigued) [26].

2.3. Statistics and Data Analyses

Since no previous study has compared these three recovery strategies, the software
G*Power was used to estimate a minimum sample size of 11 participants, based on the
effects of CWI on muscle soreness as previously reported [27]. Considering the possible
risk of drop-out, we aimed to recruit 16 participants. Since all the subjects completed all
the assessments and procedures, a posteriori analysis based on muscle soreness findings
reported an achieved power of 0.97. Statistical analyses were performed with SPSS version
23 (IBM, Armonk, NY, USA). This is the primary analysis of these data. Data are reported
as the means, standard deviation, counts, and proportions (%) as appropriate. Two-tailed
testing was performed. Normality testing using the Shapiro-Wilk test was performed for all
datasets, and all parameters were normally distributed. Analysis of variance (ANOVA) was
performed considering the within-factor group (3 recovery interventions) and within-factor
time (3 time points). In the event of a statistically significant interaction effect, simple
main effects were performed. Greenhouse-Geisser correction was applied in case of lack of
sphericity. The effect size was determined by pn?. Significance was set for p < 0.05.

3. Results

Sixteen male soccer players were recruited and completed the cross-over trial (age
22 years, range 20-27), without any exclusion or dropout. Body mass and height were
72.8 £ 8.7 kg and 1.79 £ 0.06 m, with a BMI of 22.7 £ 2.2 kg/mz. Fifteen players reported
the right lower limb as the dominant, with a history of playing soccer for 16 + 2 years at
subelite level, and with a training volume of 7.4 & 2.4 h/week. Since no side interaction
effects were found for isometric muscle strength and TMG assessment, data are reported
for the dominant limb.

3.1. Isometric Muscle Strength

Considering IKE, a significant time x recovery interaction was found (F4 6o = 6.513,
p <0.001, pn2 = 0.303). Simple main effects suggested no significant differences between
recovery interventions post fatigue, whereas at post-recovery, compared to CON, only PMT
resulted in increased strength by 13.6 kg (95% CI: 5.1-22.1) (p = 0.004). In addition, at 24 h,
compared to CON, only PMT resulted in increased strength by 11.8 kg (95% CI: 3.8-19.8)
(p = 0.007). No significant interaction effect was reported for IKF (Figure 2).
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Figure 2. Effects of cold water immersion (CWI, circles, blue), percussive massage therapy (PMT,
squares, green), and passive rest (CON, triangles, red) on (A) isometric knee extension (kg) and (B) iso-
metric knee flexion (kg), post-fatigue protocol, post-recovery intervention, and at 24 h. Time x inter-
vention analysis of variance on 16 participants: # significant difference between PMT and CON; $
significant difference between post-treatment and post-fatigue for PMT. Significance for p < 0.05.

3.2. TMG

Considering TMG T, a significant time X recovery interaction was found in m.RF
(Fy,60 = 4.040, p= 0.006, p;n2 = 0.212), whereas no significant interaction was found in m.BF.
Simple main effects suggested no significant differences between recovery interventions
post fatigue, whereas at post-recovery, compared to CON, CWI resulted in a longer Tc
by 2.7 ms (95% CI: 0.3-5.0) (p = 0.027). No significant differences were found at 24 h.
Additionally, no significant interaction effect was reported for m.RF Dm, or for m.BF Tc
and Dm (Table 1).

Table 1. TMG outcomes post fatigue, post recovery, and at 24 h. Data are presented as means =+ stan-
dard deviations.

n=16 CWI PMT CON Significance

m.RF Tc (ms)
post fatigue 225+43 235+42 23.6 £5.1 Time x Recovery p = 0.006
post recovery 263 £5.7 a:* 23.7+£43 236+ 4.1
24h 23.9 £3.9 232440 243 £32

m.RF Dm (mm)
post fatigue 76125 7.8 2.6 82+3.6 Time x Recovery p = 0.108
post recovery 72+24 93 +25 9.0 £ 3.6
24h 79+£28 9.0£3.0 85+32

m.BF Tc (ms)
post fatigue 235+6.7 243+£79 25.0+5.7 Time x Recovery p = 0.183
post recovery 263 £9.6 25.0+74 234£29
24h 240+ 6.0 242 £53

m.BF Dm (mm) 25.6 £ 9.6
post fatigue 38+£17 44+£25 34+13 Time x Recovery p = 0.797
post recovery 43+17 48+24 35+14
24h 40+17 44423 35+14

Notes: CWI: cold water immersion; PMT: percussive massage therapy; CON: control condition. m.RF: muscle
rectus femoris; m.BF: muscle biceps femoris; Tc: time to contraction; Dm: muscle displacement. Analysis of
variance, main effect, or simple main effect was used for recovery at different time points. Post hoc analysis for
2 significant difference compared to CON; * significant difference compared to post fatigue; " significant difference
compared to post recovery; significant differences for p < 0.05.
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3.3. Muscle soreness and Fatigue

Considering muscle soreness, a significant time X recovery interaction was found
(Fg,60 =3.095, p =0.022, pn2 = 0.171). Simple main effects suggested no significant differences
between recovery interventions post fatigue nor post recovery, whereas at 24 h, compared
to CON, CWI resulted in —1.5 95%CI: —2.9-—0.2 (p= 0.047) and PMT resulted in —1.6
95%ClI: —3.0-—0.2 (p= 0.026) (Figure 3). For fatigue, a non-significant time x recovery
interaction was found.
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Figure 3. Effects of cold water immersion (CWI, circles, blue), percussive massage therapy (PMT,
squares, green), and passive rest (CON, triangles, red) on muscle soreness perception (score 0-10),
post-fatigue protocol, post-recovery intervention, and at 24 h. Time x intervention analysis of variance
on 16 participants: * significant difference between CWI and CON; # significant difference between
PMT and CON; t significant difference between post-treatment and post-fatigue for CWI; $ significant
difference between post-treatment and post-fatigue for PMT; £ significant difference between 24 h
and post-treatment for PMT; § significant difference between post-treatment and post-fatigue for
CON. Significance for p < 0.05.

4. Discussion

To the best of our knowledge, this is the first study comparing the effects of CWI,
PMT, and a passive resting protocol on different neuromuscular and perception measures
of recovery after a fatiguing protocol, with assessments repeated both immediately after
the treatment and at 24 h, providing some preliminary evidence of acute and short-term
recovery after these interventions. The main findings of this study suggest that both
CWI and PMT might induce neuromuscular responses and soreness perception changes
post exercise, and acting on different mechanisms and outcomes might be considered for
exercise recovery. Indeed, in this cross-over study, we evaluated the effects of CWI and
PMT administered immediately after a high-intensity fatiguing protocol, compared to a
passive rest condition, on the isometric strength of the thigh muscles, muscle contractile
properties, and subjective measures such as muscle soreness and fatigue.

The isometric strength of the extensor muscles was found to significantly increase
immediately after the PMT administration, and it remained at similar values also after
24 h. In contrast, no significant changes were observed in the CWI and CON conditions
compared to the post-fatigue assessment, suggesting that both these recovery conditions
were insufficient in improving isometric strength. In contrast, no significant changes were
found for the isometric strength of the flexor muscles. Conflicting results are present in
the literature regarding the effects of percussive therapy on strength improvement; indeed,
although current findings could seem to be in line with the results reported in a recent
review when compared with no treatment [10], it should be noted that the presented
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literature seems to be conflicting, with results suggesting no effects on strength [28], or
primarily refers to post-injury recovery [29]. Furthermore, a recent repeated-measure,
single-group design study found that massage guns could have little effect on physical
measures when applied for five minutes immediately following strenuous calf exercise
in active young adults [11]. It should be noted that in these reported studies by Konrad
et al. and Leabeater et al., PMT was performed on the calf muscle, at 53 Hz for 5 min.
Due to the scarcity of the literature and the different protocols that have been applied in
terms of condition (at rest or after fatigue), massage protocol (frequency of the stimulation,
device, and duration), and assessed muscles, the results should be cautiously considered.
In the present study, we applied the PMT bilaterally and on both the anterior and posterior
thigh muscles, involved in knee flexion and extension. In addition, to the best of the
authors” knowledge and according to the literature [11], there is a lack of knowledge
regarding the effects of acute PMT across a longer time frame of evaluation. In our study,
we found that the isometric strength of the thigh muscles could increase at 24 h from the
PMT application. Although not directly comparable, other types of massage protocols
have been extensively studied. Massage therapy has been suggested to not provide any
effect on isometric knee extensor strength after running, whereas vibrating foam rollers
might improve physical performance after eccentric lower body exercise, maybe due to
an increase in body temperature and blood flow [30]. If little is known about the effects
of PMT on muscle strength after strenuous exercise, CWI has been widely investigated,
despite suggesting conflicting results [4,27]. Indeed, although CWI could be effective after
high-intensity exercise, improving muscular power, muscle soreness, creatine kinase, and
perceived recovery 24 h after exercise [4], there is some conflicting evidence in terms of
the effects of CWI on the recovery of strength performance compared to passive or other
recovery modalities [4,27]. Also, it should be noted that CWI characteristics usually differ in
the reported studies, with immersion lasting between 10 and 15 min and water temperature
being between 8 and 15 °C. As such, despite an individualized protocol being preferred, in
our study, we used CWI conditions in line with those reported in the literature [4].

Tensiomyography has been used as a non-invasive measure of muscle contractile
properties, and in particular, the time of contraction and muscle belly displacement have
been interpreted as measures of explosive power and stiffness, respectively [22]. In particu-
lar, TMG has been hypothesized to assess neuromuscular fatigue in different sports and
conditions [19,31]. Compared to other massage interventions (such as manual therapy or
foam rolling), PMT was suggested to increase Tc and Dm compared to the post-exercise
assessment and compared to the untreated leg [32]. Although, in this study, we did not
find any significant change in Tc after PMT, a trend for increased Dm, although not reach-
ing statistical significance, could support the use of PMT to reduce muscle stiffness after
exercise. In contrast, results from the literature suggest that CWI after exercise might
induce a trend for a transient decrease in Dm after the treatment, and an increase in Tc [33],
although no significant changes were reported at 24 and 48 h after training compared with
passive resting [34]. Decreased muscle temperature is associated with increased muscle
stiffness [35], and water temperature could be the primary responsible mechanism for such
alterations, since differences have been previously reported between hot water and cold
water immersion [33]. The results from our study are in line with such findings, especially
regarding the increase in Tc in the rectus femoris muscle immediately after CWI, but not at
24 h. If the interpretation of the change in Dm is commonly referred to as muscle stiffness
alterations, it is still debated whether fatigue recovery is represented by an increase or a
decrease in Tc, and therefore this finding should be cautiously interpreted. Interestingly,
a consistency was found between the isometric strength and TMG changes observed in
the PMT condition, suggesting that the anterior thigh muscles were more affected by the
recovery intervention.

In our study, both PMT and CWI were found to significantly reduce muscle soreness
perception immediately after the recovery intervention and at 24 h, without differences
between the two protocols and more efficiently compared to the passive resting condition.
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Such findings are in line with the literature, suggesting that these recovery modalities
might provide their major effects on subjective measures of pain and fatigue [4,10,11].
Nevertheless, several authors have suggested that it is not possible to exclude that part of
the findings, especially those on subjective measures of recovery, might be influenced by a
placebo effect [33].

Limitation and Future Perspectives

This study has some limitations that should be discussed. The training level of the
participants categorized them as highly trained soccer players (Tier 2), and different pat-
terns/behaviors might be observed in either recreational or elite athletes. The proposed
interventions did not allow for blinding, and it is not possible to exclude a placebo-related
bias. Also, subjective scales on pain and muscle soreness might have a limited validity and
future studies could use algometers and other objective measures. Although TMG measure-
ments do not rely on voluntary contraction and the protocol was performed identically after
each condition, to reduce the risk of bias, the researcher who performed all the assessments
was blinded to the recovery intervention the participants performed. The proposed recov-
ery interventions were designed based on some of the most commonly reported protocols
in terms of the frequency of stimulation/temperature and the duration of the treatment;
due to the variety of protocols present in the scientific literature, the present results should
be cautiously compared in the context of the scientific literature. We were not able to
provide any measure of muscle temperature or blood flow; therefore, it was not possible to
link such physiological responses to the assessed outcomes. The fatiguing protocol was
designed based on the literature to provide a high-intensity stimulus mimicking a typical
team sports training, to be repeatable in the three experimental sessions, as demonstrated
by comparable outcomes immediately after the fatiguing protocol and before the recovery
intervention. Finally, since no measurements were performed before the fatiguing protocol,
it is not possible to determine whether the reported changes indicated better overall recov-
ery; nonetheless, this study aimed to measure the different effects of these typical recovery
strategies on fatigued muscles, and future studies should focus on how these evaluations
could be considered as indices of recovery, including other typical assessments including
jump and sprint performance. Nevertheless, these findings are encouraging and suggest
that the acute application of PMT and CWI are both helpful in reducing perceived muscle
soreness. Future studies should be performed considering the above-mentioned limitations,
comparing neuromuscular performance with pre-fatiguing values, and combining the two
techniques to assess their independent and interaction effects.

5. Conclusions

In conclusion, percussive massage therapy and cold water immersion represent two
of the most common recovery techniques adopted in different sports to accelerate recovery
after exercise. The results from this randomized cross-over study suggest that PMT could
enhance the isometric strength of knee extensors after strenuous exercise, and future
studies on larger samples could better define its effects on muscle stiffness assessed by
tensiomyography. CWI, in contrast, does not affect muscle strength and could acutely
increase contraction time in the extensor muscles. Finally, both treatments were found to
be more effective than passive resting to reduce muscle soreness, therefore providing a
significant subjective improvement in recovery.
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