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Abstract: Background


The aim of this study was to analyze the effects of percussive massage therapy (PMT) on lifeguards’ recovery after a water rescue, in comparison with passive recovery. Methods: A quasi-experimental crossover design was conducted to compare passive recovery (PR) and a PMT protocol. A total of 14 volunteer lifeguards performed a simulated 100 m water rescue and perceived fatigue and blood lactate were measured as recovery variables after the rescue and after the 8-min recovery process. Results: There were no differences between PMT and PR in lactate clearance (p > 0.05), finding in both modalities a small but not significant decrease in blood lactate. In perceived fatigue, both methods decreased this variable significantly (p < 0.001), with no significant differences between them (p > 0.05). Conclusions: PMT does not enhance recovery after a water rescue, in comparison with staying passive. Despite PMT appearing to be adequate for recovery in other efforts, it is not recommended for lifeguards’ recovery after a water rescue.
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1. Introduction


In recent years, several recovery tools with demonstrated benefits after exhausting efforts have transcended their common use in sports practice and rehabilitation [1,2] to other populations who also require a high level of physical conditioning (i.e., police or firefighters) [3,4]. These recovery methods aim to accelerate recovery and improve performance after an effort through passive and active techniques, including new devices with great potential [5,6]. In this vein, professional lifeguard teams have added these tools to their recovery routines after a water rescue, which is considered as a strenuous effort [5,6,7]. Prior investigations have pointed out the importance of recovery in lifeguards after a water rescue, since the safety of the rescuer and the survival of the victim are dependent on the lifeguard’s performance [8,9,10,11]. Considering that the drowning process usually occurs from 50 to 100 m from the shore, and with different conditions of waves or wind, lifeguards need to be concentrated and have a high level of physical conditioning [11,12], since the difficulty of the rescue can rapidly increase [13]. During a water rescue, lifeguards usually need to swim to the victim, control them and then tow them back to the shore [11,14]. Contrary to a sports practice or competition, when athletes know how much time they have to recover, on the beach lifeguards keep working after a water rescue, and the possibility of other events needs to be considered. Thus, it is of great importance for them to be physically prepared but also to recover quickly and properly [15].



One of the main consequences of a water rescue, in terms of physiological response, is the high level of blood lactate after the effort. Therefore, previous studies have analyzed the lifeguards’ recovery with traditional and novel techniques such as foam rollers or electrotherapy, with positive results [5,6,7]. These techniques have been demonstrated to enhance recovery by decreasing the blood lactate and the perceived fatigue after a water rescue [6,7]. Specifically, foam rollers and vibration foam rollers appear to be the most effective tools [6,7], with greater effects probably generated by the combination of pressure, movement and vibration over the tissues [16]. In recent years, a new method has been developed combining pressure, vibration and movement: percussive massage therapy (PMT). This method is applied by a therapeutic gun, which can be regulated in terms of vibration and provides an easy application over the body [17]. The combination of pressure, vibration and movement over the tissues has been demonstrated to influence the autonomic nervous system, increasing blood flow and modulating the muscle tone [16,18,19]. PMT has recently increased in popularity. Theoretically it could be an alternative for recovery in lifeguards after a water rescue, with a small economic investment and the possibility of applying it during vigilance. However, to date there have been few studies and little scientific evidence about PMT, and its effects on recovery still remain unclear [20,21]. Therefore, the aim of this study was to analyze the effects of PMT on lifeguards’ recovery after a water rescue, and to compare their effects with a passive recovery protocol.




2. Materials and Methods


A quasi-experimental crossover design was carried out in order to analyze the effects of PMT on lifeguards’ recovery after a water rescue, in comparison with a passive recovery. Specifically, the recovery variables selected were perceived fatigue and blood lactate clearance, according to previous studies [6,7]. The design and the intervention are detailed in Figure 1.



2.1. Sample


In this study, 14 lifeguards were recruited (90% men; age: 21.7 ± 2.0 years, weight: 72.9 ± 11.7 kg, height: 175.2 ± 9.5 cm; body mass index: 23.6 ± 2.1 kg/m2). The inclusion criteria were qualified lifeguards older than 18 years old and the exclusion criteria were injuries, chronic conditions or breathing diseases which could influence the rescue or the recovery. All of them were informed about the procedures and intervention of the study and voluntarily accepted to participate. All participants signed a written informed consent. This investigation was approved by the Ethics Committee of the Faculty of Education and Sport Sciences (03-1421) and developed according to the Declaration of Helsinki.




2.2. Procedures


In order to analyze the differences between passive recovery and PMT, two water rescues were performed by lifeguards on two different days, at the same time of the day and under similar conditions with calm sea, waves < 0.5 m (Douglas scale value 0–2), wind speed < 5 m/s, water temperature between 14 °C and 15 °C and ambient temperature between 17.5 °C and 19 °C in the river beach of Pontevedra, Galicia, Spain (latitude: 42.4222432, longitude: 8.6821066). The weather was reported by the local forecast agency (Meteogalicia). The water rescue was conducted with a test-approved water rescue manikin [22] with fins, wetsuits and rescue tube, and consisted of swimming 100 m towards the manikin, controlling the manikin, towing it 100 m back to the shore and extracting it to the dry sand [5,6,7,14]. At the end of the water rescue, lifeguards were asked to perform one of the recovery modalities selected, which were randomized.




2.3. Recovery


In this study, a comparison between two recovery modalities was performed: passive recovery vs PMT. Specifically, the passive recovery consisted of asking the participants to remain sitting after the water rescue for 8 min, simulating an immediate return to the watchtower. On the other hand, the PMT intervention consisted of applying a percussive massage with a gun (Backpack Pro, Backpack Physiosport, Madrid, Spain). This application was conducted by a physical therapist with knowledge and expertise in this method, and the muscles selected were quadriceps and hamstrings of both legs, since they have been reported to be highly involved in swimming with fins [23]. The intervention with PMT was performed for two minutes in each muscle, with a total time of 8 min. Specifically, the head of the gun was located at the end of the muscle and then it was compressed while moving the gun across the muscle belly. The frequency selected was 53 Hz, according to previous studies and the reference values for the musculoskeletal system [24]. In order to standardize the amount of pressure performed with the gun, a value of 6/10 in the numerical rating scale was used [25].




2.4. Variables


The time of the water rescue was recorded both days, in seconds. In order to analyze the perceived fatigue after the water rescue and after recovery, the Rating Perceived Exertion scale (RPE) was used. This scale uses values from 0 (no fatigue) to 10 (maximal fatigue) to rate the fatigue in 4 different areas: whole body, arms, chest and legs [6,7]. To analyze the physiological response to the effort and the consequent effects of recovery, blood lactate was measured in the finger. Each day, blood lactate was measured in three different moments: in baseline conditions (LB), after the water rescue (L1) and after recovery (L2). All measurements were performed with a capillary device (LactateScout, SensLab GmbH, Leipzig, Germany) and expressed in mmol/L, with an accuracy of ±3% (minimal standard deviation: ±0.2 mmol/L). Subjects were asked not to perform any exercise or training 24 h before the day of the test in order to avoid variations related to exercise in the measurements.




2.5. Statistical Analysis


All analyses were conducted using the statistical package SPSS for Macintosh (version 25.0, IBM Corp, Armonk, NY, USA). The normality of the distribution for each variable was checked both graphically and using the Shapiro–Wilk test. The descriptive results of these variables are reported as mean ± standard deviation (SD). A paired samples t-test was used to analyze the rescue time of participants according to each type of recovery. The effects of each recovery method on blood lactate and RPE variables were analyzed using repeated-measures analysis of variance (ANOVA) with two intra-subject factors (Recovery × Moment). Partial eta-squared (ηp2) effect sizes were also calculated for this analysis. A value ηp2 ≥ 0.01 indicates a small effect, ≥0.059 a medium effect and ≥0.138 a large effect [26]. Pair-wise comparisons were conducted via Bonferroni-adjusted post hoc test. For all analyses, the significance value was set at p ≤ 0.05.





3. Results


In this investigation, 14 lifeguards participated voluntarily and completed a total of 28 water rescues and then performed two different recovery modalities in a randomized order: passive recovery and PMT. The interventions were conducted on two different days, under similar conditions and with no significant differences in the rescue time between the two recovery modalities (passive recovery: 198.6 ± 24.1 s; PMT: 189.5 ± 28.0 s; t = 1.381, p = 0.190).



Regarding the perceived fatigue, analyzed with the RPE scale, results of the comparison of this variable between the two recovery methods are detailed in Table 1.



As shown in Table 1, global fatigue decreased significantly with passive recovery (p < 0.001) and with PMT (p < 0.001). The perceived fatigue of arms decreased significantly with passive recovery (p < 0.001) and with PMT (p < 0.001). In the chest, the perceived fatigue decreased significantly with passive recovery (p < 0.001) and with PMT (p < 0.001). Finally, in the legs, the perceived fatigue decreased significantly with passive recovery (p < 0.001) and with PMT (p < 0.001).



Results of blood lactate measurements are detailed in Table 2, comparing the three different moments with the two recovery modalities.



Results of the repeated-measures ANOVA showed significant differences between moments (p < 0.001; np2 = 0.852, large) but not according to the type of recovery (p = 0.703; np2 = 0.012, small) nor the interaction between moment and recovery (p = 0.922; np2 = 0.006, trivial). In the pair-wise comparisons, passive recovery showed a significant increase of blood lactate in L2 (p < 0.001) and in L3 (p < 0.001) in comparison with L1. In PMT recovery, similar results were found with an increase of blood lactate in L2 (p < 0.001) and in L3 (p < 0.001) in comparison with L1.




4. Discussion


This study aimed to analyze the effects of PMT as a recovery tool in comparison with passive recovery in lifeguards after a 100 m water rescue. Findings in this investigation suggest that PMT does not enhance recovery after a water rescue in comparison with passive recovery, in terms of blood lactate and perceived fatigue.



PMT is as a novel technique with supposed benefits in recovery, specifically in the address of pain, perceived fatigue and the modulation of muscle tone. The benefits of PMT are suggested to be due to the combination of pressure, vibration and movement over the tissues, similar to other devices such as vibration foam rollers or roller massagers [16,19,25]. However, there is little evidence regarding PMT in comparison with foam rollers, and despite the fact that their benefits are supposed to be similar and generated by the same physiological mechanisms, the responses obtained on the tissues are clearly different. In this sense, there are no previous studies analyzing the effects of PMT on perceived fatigue, but with other methods such as foam rollers, vibration foam rollers and roller massagers this variable has been demonstrated to decrease significantly in sports population, healthy subjects and lifeguards after a water rescue [1,27,28]. Moreover, the foam roller with and without vibration has been shown to be an effective tool decreasing blood lactate, specifically after a simulated water rescue in lifeguards [6,7]. Therefore, although the foam rollers and the PMT appear to have similar mechanisms, in this study results suggest that the benefits may be different. In this regard, recovery with PMT was similar to the passive recovery. Considering that no previous studies analyzed the effects of PMT on perceived fatigue, it is difficult to compare them with similar interventions. Nevertheless, vibration foam rollers have been described to use similar mechanisms, with pressure added to vibration and movement over the tissues [29]. Contrary to our findings, vibration foam rollers and conventional foam rollers have reported a decrease on the perceived fatigue after the sports practice but also after a similar water rescue in lifeguards [6,7].



In the same vein, in this investigation the blood lactate clearance was similar in passive recovery and with PMT. Paying attention to the percentages of clearance, PMT appears to decrease slightly more blood lactate than passive recovery (9.6% vs. 8.1%). However, no statistical differences were found in this variable. Again, no prior research was developed analyzing the effects of PMT on blood lactate clearance. Nevertheless, with similar devices such as vibration foam rollers, blood lactate has been demonstrated to decrease significantly in comparison with passive recovery or even with conventional foam roller [7,30]. One possible explanation for these different findings could be the pressure exerted over the devices, since with foam rollers the bodyweight of the subjects is directly applied over the tool [16,31,32], but with the PMT the pressure is exerted by the physical therapist who perform the intervention [21]. In this sense, little has been studied about the effects of pressure in the tissue response of these type of interventions, but one of the main hypotheses suggests that higher pressures will contribute to achieve higher and faster effects [16,18,28]. This hypothesis is supported by the idea that the mechanoreceptors are involved in the first response of this recovery methods, and greater stimuli cause greater responses [33,34]. However, this hypothesis needs to be supported with further evidence.



On the other hand, different frequencies of vibration could also provide different results. The PMT can vibrate at different frequencies, and the frequency selected in this study was 53 Hz, according to previous investigations and within the range of influence of the musculoskeletal system (15–50 Hz) [35,36]. However, the results obtained with other devices such as vibration foam rollers were achieved with frequencies from 18 Hz to 25 Hz, which are quite far from the frequency used in the PMT. Prior researchers have hypothesized that higher frequencies added to the pressure and movement could be too much stimulation for the mechanoreceptors, especially the Pacini corpuscle and Golgi tendon organs, which would respond with no changes in the tissues involved [16,24,32]. In this sense, the participants of the study reported no harmful effects after the PMT recovery, but a prior study concluded that people using PMT should be cautious in this respect.



In this investigation, some limitations should be considered. First, considering that to date few studies have analyzed the effects of PMT, the lack of protocols and studies to compare with make results that should be read carefully. Second, the sample size is limited and the water rescue was simulated, but in a real situation results could differ from our findings. Despite the potential of this technique, this study does not show any advantages of using PMT in the recovery of lifeguards after a water rescue, in comparison with passive recovery or with other methods such as foam rollers. Future research should include PMT in recovery protocols, measuring different variables such as pain, perceived fatigue, blood lactate or other blood parameters in order to provide consistent results about the effects of this tool.




5. Conclusions


In conclusion, PMT does not seem to enhance recovery in lifeguards after a water rescue, in comparison with a passive recovery. Although PMT is a novel method with a high level of technology supporting it, results of this study do not support its use in lifeguard teams as a recovery tool to enhance blood lactate clearance or decrease perceived fatigue.







Author Contributions


Conceptualization, A.P.-F., M.L.-M., A.C.-B., E.C.-R., M.B.-F., R.B.-F. and A.P.-C., Data curation, M.L.-M.; Formal analysis, M.L.-M. and A.P.-C.; Investigation, A.A.-C., M.L.-M., A.C.-B., E.C.-R., M.B.-F. and R.B.-F., Methodology, A.P.-F., A.A.-C., M.L.-M., A.C.-B., E.C.-R., M.B.-F., R.B.-F. and A.P.-C., Supervision, A.P.-F., Writing—original draft, A.A.-C.; Writing—review & editing, A.A.-C., M.L.-M., A.C.-B., E.C.-R., M.B.-F. and R.B.-F. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of the Ethics Committee of the Faculty of Education and Sport Sciences in the University of Vigo (code 03-1421).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Acknowledgments


The authors want to thank the team of lifeguards involved in this study for their participation.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hendricks, S.; Hill, H.; Hollander, S.; den Lombard, W.; Parker, R. Effects of foam rolling on performance and recovery: A systematic review of the literature to guide practitioners on the use of foam rolling. J. Bodyw. Mov. Ther. 2020, 24, 151–174. [Google Scholar] [CrossRef] [PubMed]

	



Skinner, B.; Moss, R.; Hammond, L. A Systematic Review and Meta-Analysis of the effects of foam rolling on range of motion, recovery and markers of athletic performance. J. Bodyw. Mov. Ther. 2020, 24, 105–122. [Google Scholar] [CrossRef] [PubMed]

	



Stanek, J.M.; Dodd, D.J.; Kelly, A.R.; Wolfe, A.M.; Swenson, R.A. Active duty firefighters can improve Functional Movement Screen (FMS) scores following an 8-week individualized client workout program. Work 2017, 56, 213–220. [Google Scholar] [CrossRef] [PubMed]

	



Cocke, C.; Dawes, J.; Orr, R.M. The Use of 2 Conditioning Programs and the Fitness Characteristics of Police Academy Cadets. J. Athl. Train. 2016, 51, 887–896. [Google Scholar] [CrossRef]

	



Barcala-Furelos, R.; González-Represas, A.; Rey, E.; Martínez-Rodríguez, A.; Kalén, A.; Marques, O.; Rama, L. Is Low-Frequency Electrical Stimulation a Tool for Recovery after a Water Rescue? A Cross-Over Study with Lifeguards. Int. J. Environ. Res. Public Health 2020, 17, 5854. [Google Scholar] [CrossRef] [PubMed]

	



Kalén, A.; Pérez-Ferreirós, A.; Barcala-Furelos, R.; Méndez, M.F.; Padrón-Cabo, A.; Prieto, J.A.; Ríos-Ave, A.; Abelairas-Gómez, C. How can lifeguards recover better? A cross-over study comparing resting, running, and foam rolling. Am. J. Emerg. Med. 2017, 35, 1887–1891. [Google Scholar] [CrossRef] [PubMed]

	



Alonso-Calvete, A.; Lage-Rey, A.; Lorenzo-Martínez, M.; Rey, E. Does a short intervention with vibration foam roller recover lifeguards better after a water rescue? A pilot study. Am. J. Emerg. Med. 2021, 49, 71–75. [Google Scholar] [CrossRef] [PubMed]

	



Suominen, P.K.; Vähätalo, R. Neurologic long term outcome after drowning in children. Scand. J. Trauma Resusc. Emerg. Med. 2012, 20, 55. [Google Scholar] [CrossRef] [PubMed]

	



Suominen, P.; Baillie, C.; Korpela, R.; Rautanen, S.; Ranta, S.; Olkkola, K.T. Impact of age, submersion time and water temperature on outcome in near-drowning. Resuscitation 2002, 52, 247–254. [Google Scholar] [CrossRef]

	



Quan, L.; Bierens, J.J.L.M.; Lis, R.; Rowhani-Rahbar, A.; Morley, P.; Perkins, G.D. Predicting outcome of drowning at the scene: A systematic review and meta-analyses. Resuscitation 2016, 104, 63–75. [Google Scholar] [CrossRef] [PubMed]

	



Szpilman, D.; Tipton, M.; Sempsrott, J.; Webber, J.; Bierens, J.; Dawes, P.; Seabra, R.; Barcala-Furelos, R.; Queiroga, A.C. Drowning timeline: A new systematic model of the drowning process. Am. J. Emerg. Med. 2016, 34, 2224–2226. [Google Scholar] [CrossRef] [PubMed]

	



Barcala-Furelos, R.; Abelairas-Gomez, C.; Romo-Perez, V.; Palacios-Aguilar, J. Effect of physical fatigue on the quality CPR: A water rescue study of lifeguards: Physical fatigue and quality CPR in a water rescue. Am. J. Emerg. Med. 2013, 31, 473–477. [Google Scholar] [CrossRef] [PubMed]

	



Morgan, D.; Ozanne-Smith, J. Surf Lifeguard Rescues. Wilderness Environ. Med. 2013, 24, 285–290. [Google Scholar] [CrossRef] [PubMed]

	



Barcala-Furelos, R.; Szpilman, D.; Palacios-Aguilar, J.; Costas-Veiga, J.; Gómez, C.A.; Bores-Cerezal, A.; López-García, S.; Rodriguez-Nunez, A. Assessing the efficacy of rescue equipment in lifeguard resuscitation efforts for drowning. Am. J. Emerg. Med. 2016, 34, 480–485. [Google Scholar] [CrossRef] [PubMed]

	



Koon, W.; Rowhani-Rahbar, A.; Quan, L. Do wave heights and water levels increase ocean lifeguard rescues? Am. J. Emerg. Med. 2018, 36, 1195–1201. [Google Scholar] [CrossRef] [PubMed]

	



Behm, D.G.; Wilke, J. Do Self-Myofascial Release Devices Release Myofascia? Rolling Mechanisms: A Narrative Review. Sports Med. 2019, 49, 1173–1181. [Google Scholar] [CrossRef] [PubMed]

	



Cullen, M.F.L.; Casazza, G.A.; Davis, B.A. Passive Recovery Strategies after Exercise: A Narrative Literature Review of the Current Evidence. Curr. Sports Med. Rep. 2021, 20, 351–358. [Google Scholar] [CrossRef] [PubMed]

	



Behm, D.G.; Alizadeh, S.; Hadjizadeh Anvar, S.; Mahmoud, M.M.I.; Ramsay, E.; Hanlon, C.; Cheatham, S. Foam Rolling Prescription: A Clinical Commentary. J. Strength Cond. Res. 2020, 34, 3301–3308. [Google Scholar] [CrossRef] [PubMed]

	



Beardsley, C.; Škarabot, J. Effects of self-myofascial release: A systematic review. J. Bodyw. Mov. Ther. 2015, 19, 747–758. [Google Scholar] [CrossRef] [PubMed]

	



Lakhwani, M.; Phansopkar, P. Efficacy of Percussive massage Versus Calf Stretching on Pain, Range of Motion, Muscle Strength and Functional Outcomes in Patients with Plantar Fasciitis—A Randomized Control Trial. Protoc. Exch. 2021, 33, 532–539. [Google Scholar] [CrossRef]

	



Konrad, A.; Nakamura, M.; Bernsteiner, D.; Tilp, M.T. The Accumulated Effects of Foam Rolling Combined with Stretching on Range of Motion and Physical Performance: A Systematic Review and Meta-Analysis. J. Sports Sci. Med. 2021, 20, 535–545. [Google Scholar] [CrossRef] [PubMed]

	



Abelairas-Gómez, C.; Barcala-Furelos, R.; Mecías-Calvo, M.; Rey-Eiras, E.; López-García, S.; Costas-Veiga, J.; Bores-Cerezal, A.; Palacios-Aguilar, J. Prehospital Emergency Medicine at the Beach: What Is the Effect of Fins and Rescue Tubes in Lifesaving and Cardiopulmonary Resuscitation After Rescue? Wilderness Environ. Med. 2017, 28, 176–184. [Google Scholar] [CrossRef] [PubMed]

	



Marion, K.; Guillaume, G.; Pascale, C.; Charlie, B.; Anton, S. Muscle activity during fin swimming. Procedia Eng. 2010, 2, 3029–3034. [Google Scholar] [CrossRef]

	



Slatkovska, L.; Alibhai, S.M.H.; Beyene, J.; Cheung, A.M. Effect of whole-body vibration on BMD: A systematic review and meta-analysis. Osteoporos. Int. 2010, 21, 1969–1980. [Google Scholar] [CrossRef] [PubMed]

	



Wilke, J.; Niemeyer, P.; Niederer, D.; Schleip, R.; Banzer, W. Influence of Foam Rolling Velocity on Knee Range of Motion and Tissue Stiffness: A Randomized, Controlled Crossover Trial. J. Sport Rehab. 2019, 28, 711–715. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; L. Erlbaum Associates, Routledge: New York, NY, USA, 1988. [Google Scholar]

	



D’Amico, A.; Gillis, J.; McCarthy, K.; Leftin, J.; Molloy, M.; Heim, H.; Burke, C. Foam rolling and indices of autonomic recovery following exercise-induced muscle damage. Int. J. Sports Phys. Ther. 2020, 15, 429–440. [Google Scholar] [CrossRef] [PubMed]

	



Hughes, G.A.; Ramer, L.M. Duration of myofascial rolling for optimal recovery, range of motion, and performance: A systematic review of the literature. Int. J. Sports Phys. Ther. 2019, 14, 845–859. [Google Scholar] [CrossRef]

	



Romero-Moraleda, B.; González-García, J.; Cuéllar-Rayo, Á.; Balsalobre-Fernández, C.; Muñoz-García, D.; Morencos, E. Effects of Vibration and Non-Vibration Foam Rolling on Recovery after Exercise with Induced Muscle Damage. J. Sports Sci. Med. 2019, 18, 172–180. [Google Scholar] [PubMed]

	



Greenwood, J.D.; Moses, G.E.; Bernardino, F.M.; Gaesser, G.A.; Weltman, A. Intensity of exercise recovery, blood lactate disappearance, and subsequent swimming performance. J. Sports Sci. 2008, 26, 29–34. [Google Scholar] [CrossRef] [PubMed]

	



Ajimsha, M.S.; Al-Mudahka, N.R.; Al-Madzhar, J.A. Effectiveness of myofascial release: Systematic review of randomized controlled trials. J. Bodyw. Mov. Ther. 2015, 19, 102–112. [Google Scholar] [CrossRef] [PubMed]

	



Wilke, J.; Müller, A.L.; Giesche, F.; Power, G.; Ahmedi, H.; Behm, D.G. Acute Effects of Foam Rolling on Range of Motion in Healthy Adults: A Systematic Review with Multilevel Meta-analysis. Sports Med. 2020, 50, 387–402. [Google Scholar] [CrossRef] [PubMed]

	



Kaufman, M.P.; Rybicki, K.J. Discharge properties of group III and IV muscle afferents: Their responses to mechanical and metabolic stimuli. Circ. Res. 1987, 61 Pt 2, I60–165. [Google Scholar] [PubMed]

	



Weerapong, P.; Hume, P.A.; Kolt, G.S. The mechanisms of massage and effects on performance, muscle recovery and injury prevention. Sports Med. 2005, 35, 235–256. [Google Scholar] [CrossRef] [PubMed]

	



Sonza, A.; Robinson, C.C.; Achaval, M.; Zaro, M.A. Whole Body Vibration at Different Exposure Frequencies: Infrared Thermography and Physiological Effects. Sci. World J. 2015, 2015, e452657. [Google Scholar] [CrossRef]

	



Lamont, H.S.; Cramer, J.T.; Bemben, D.A.; Shehab, R.L.; Anderson, M.A.; Bemben, M.G. The Acute Effect of Whole-Body Low-Frequency Vibration on Countermovement Vertical Jump Performance in College-Aged Men. J. Strength Cond. Res. 2010, 24, 3433–3442. [Google Scholar] [CrossRef]








[image: Healthcare 10 00693 g001 550] 





Figure 1. Flow chart outlining the design, intervention and variables. 






Figure 1. Flow chart outlining the design, intervention and variables.



[image: Healthcare 10 00693 g001]







[image: Table] 





Table 1. Results of the RPE scale (mean ± SD).
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Passive Recovery

	
PMT

	
ANOVA p-Value (np2)




	

	
Post Rescue

	
Post Recovery

	
Post Rescue

	
Post Recovery

	
Recovery

	
Moment

	
Recovery × Moment






	
Global

	
7.5 ± 0.9

	
4.0 ± 1.6 *

	
7.0 ± 1.2

	
3.3 ± 1.8 *

	
0.080 (0.217)

	
<0.001 (0.917)

	
0.583 (0.024)




	
Arms

	
3.7 ± 1.6

	
1.4 ± 0.9 *

	
3.5 ± 1.8

	
1.4 ± 1.2 *

	
0.583 (0.024)

	
<0.001 (0.756)

	
0.551 (0.028)




	
Chest

	
7.3 ± 1.8

	
2.5 ± 1.7 *

	
7.1 ± 1.2

	
2.4 ± 2.3 *

	
0.773 (0.007)

	
<0.001 (0.891)

	
1.000 (0.000)




	
Legs

	
6.9 ± 1.2

	
3.6 ± 1.7 *

	
6.6 ± 1.5

	
2.9 ± 2.1 *

	
0.230 (0.109)

	
<0.001 (0.900)

	
0.444 (0.046)








PMT: percussive massage therapy; * Significant differences (p < 0.001) with post rescue.
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Table 2. Blood lactate results in the three different moments (mean ± SD).
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	L1
	L2
	L3





	Passive recovery
	3.6 ± 1.4
	10.5 ± 2.7 *
	9.7 ± 3.0 *



	PMT
	4.1 ± 1.7
	10.8 ± 3.2 *
	9.8 ± 3.1 *







PMT: percussive massage therapy; L1: pre rescue; L2: post rescue; L3: post recovery. * Significant difference (p < 0.001) with L1.
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