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         Eff ects of Post-Exercise Recovery Interventions 
on Physiological, Psychological, and Performance 
Parameters    

and supine rest, showers, massages, saunas and 
electrostimulation; or 2) active warm-down, 
which includes low-intensity exercises (i.   e., jog-
ging, cycling, technical exercises, chalistenics, 
stretching, and water exercises). In particular, 
studies that have compared the eff ects of diff er-
ent recovery modes generally have used passive 
recovery in a seated position as a control group 
 [22,   30,   48,   49] . Conversely, electrostimulation 
aiming to facilitate the recovery process by 
increasing blood fl ow and metabolite washout of 
muscles  [3,   22,   30]  has been studied in a supine 
position  [48,   49] . Finally, active water exercises 
are recommended to enhance stretching and 
recovery from musculoskeletal fatigue, improve 
heat dissipation  [16] , increase physiological and 
psychological indices of relaxation  [37] , and 
decrease spinal loading  [15] . 
 Several authors tested the hypothesis that active 
recovery would lead to a better maintenance of 
exercise performance in subsequent bouts of 
exercise performed during a single experimental 
session  [11,   12,   13,   17,   19,   21,   22,   24,   30,   32,   45] . 

 Introduction 
  ▼  
 Physical exercise is a remarkable stressor for the 
physiological and psychological aspects of the 
individual and monitoring recovery is important 
to identify the appropriate individual ’ s training 
loads to maximize performance, especially when 
training regimens include multiple daily ses-
sions. Actually, the morning session might com-
promise the working capacity of athletes during 
the following afternoon training when perform-
ance decrements, and physiological and psycho-
logical disturbances might occur. In fact, research 
has shown that a protocol including two consec-
utive graded incremental exercise tests per-
formed with a 4   h rest interval could be a good 
indicator of the recovery capacity of the athlete 
and of his / her ability to perform the second bout 
of exercise normally  [34,   35] . 
 To facilitate the recovery process, diff erent post-
exercise recovery modes have been suggested, 
broadly classifi ed into two categories  [6,   28] : 1) 
passive recovery, which involves upright, sitting, 
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  Abstract 
  ▼  
 At present, there is no consensus on the eff ec-
tiveness of post-exercise recovery interventions 
on subsequent daily performances. The purpose 
of this study was to compare the eff ectiveness 
of 20   min low-intensity water exercises, supine 
electrostimulation, and passive (sitting rest) 
recovery modalities on physiological (oxygen 
consumption, blood lactate concentration, and 
percentage of hemoglobin saturation in the 
muscles), psychological (subjective ratings of 
perceived exertion, muscle pain, and feeling of 
recovery), and performance (countermovement, 
bouncing jumping) parameters. During three 
experimental sessions, 8 men (age: 21.9    ±    1.3   yrs; 
height: 175.8    ±    10.7   cm; body mass: 71.2    ±    9.8   kg; 

VO 2max : 57.9    ±    5.1   ml . kg . min     −    1 ) performed a 
morning and an afternoon submaximal running 
test. The recovery interventions were randomly 
administered after the fi rst morning tests. Activ-
ity and dietary intake were replicated on each 
occasion. ANOVA for repeated measures (p    <    0.05) 
showed no diff erence between the morning and 
afternoon physiological (ratios: range 0.90 – 1.18) 
and performance parameters (ratios: range 
0.80 – 1.24), demonstrating that post-exercise 
recovery interventions do not provide signifi cant 
benefi cial eff ects over a limited time period. Con-
versely, subjects perceived water exercises (60    % ) 
and electrostimulation (40    % ) as the most eff ec-
tive interventions, indicating that these recovery 
strategies might improve the subjective feelings 
of wellbeing of the individual.         
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However, an experimental protocol that elicits high muscle sore-
ness lacks an ecological validity because in reality no coach 
would intentionally induce severe muscle fatigue in his / her ath-
letes. To our knowledge, only one study included athletes under-
going a twice a day training program in a real life setting (i.   e., 
without any manipulation of the experimental condition) with 
the aim to examine the effi  cacy of recovery interventions in 
maintaining sprinting and jumping performances before start-
ing the afternoon training session  [48] . Because the diff erent 
methodological approaches originated inconsistent fi ndings, 
Barnett  [3]  claimed that further research is needed to solve the 
ambiguity of the relation between recovery interventions, ath-
letic performance, and physiological and psychological parame-
ters. In fact, to explain the multi-factorial aspects of the recovery 
process there is a need for interdisciplinary research including a 
combination of measures and controlling for several potential 
confounding variables, such as the fi tness level, diet, hydration, 
and sleep of individuals  [3,   48,   49] . 
 Recently, a multiple system approach of measurement (perform-
ance, psychological, hormonal) has been adopted in fi eld situa-
tions to ascertain the eff ectiveness of passive vs. active recovery 
interventions following pre-season soccer training that included 
two daily sessions  [48] , and futsal games scheduled twice a week 
 [49] . Despite no diff erence emerging between recovery inter-
ventions in anaerobic performances, recovery-stress state, and 
hormonal responses, the athletes declared to feel signifi cantly 
more recovered following electrostimulation and water exer-
cises compared to dry exercises and sitting rest. Thus, the 
authors called for further research to explore more sensitive 
markers of recovery and to assess whether electrostimulation 
and water exercises could facilitate aerobic rather than anaero-
bic parameters. In fact, during training sessions submaximal 
exercises are more frequent than maximal ones, contributing to 
the maintenance of the less persistent all-out performances. 
 Although it is conceivable to assume that recovery interventions 
might enhance the individual ’ s capabilities to exercise at sub-
maximal intensities during a second daily exercise session, to 
our knowledge no research has tested the hypothesis that they 
have any eff ect on the aerobic variables at ventilatory (i.   e., oxy-
gen consumption), muscle (i.   e., blood deoxygenation and lactate 
concentration) and psychological (i.   e., subjective ratings of per-
ceived exertion, muscle pain, and feeling of recovery) levels. 
Thus applying a multiple system approach of measurement, this 
study aimed at determining the eff ectiveness of active and pas-
sive recovery interventions performed immediately after the 
morning training to maximize the aerobic and anaerobic work-
ing capacity of individuals as well as their psychological recov-
ery status during the afternoon training session. Based on the 
direct relationship between these variables, it was hypothesized 
that during the afternoon sessions increases in the physiological 
parameters at a given exercise load, decreases in anaerobic per-
formances, and disturbances in psychological parameters would 
refl ect the under-recovery status of the individual.   

 Methods 
  ▼   
 Experimental approach to the problem 
 The local human research committee approved this study mainly 
designed to explore the eff ectiveness, if any, of three immediate 
post-exercise recovery interventions (i.   e., sitting rest, water 
exercise, and supine electrostimulation). This investigation has 

been performed in accordance with the ethical standards of the 
International Journal of Sports Medicine  [20] . The results could 
be relevant for athletes training on a twice-daily schedule who 
are interested in recovery interventions that could maintain or 
enhance their performance during the afternoon session, avoid-
ing excessive strain on biological systems. 
 Because under-recovery could be characterized by performance 
decrements, physiological variations, and psychological distur-
bances, the experimental design included a multiple-system 
approach of measurement  [48,   49]  and two daily incremental 
exercise tests, which proved to be a good protocol for the evalu-
ation of the recovery capacity of the individual  [34,   35] . In sport 
sciences a strong relationship between exercise load and whole 
body metabolic parameters (i.   e., oxygen consumption, VO 2 ; 
blood lactate concentration, [HLa]), heart rate, and subjective 
perception of fatigue has been established  [1,   7] . More recently 
near infrared spectroscopy became widely used to measure 
hemoglobin oxygen saturation in tissue (    % StO 2 ), yielding an 
estimate of the muscle oxygenation status in relation to exercise 
intensity, with a gradual decrease as a function of VO 2  and accu-
mulation of lactate in blood  [4,   9,   14,   33,   36,   38,   44] . Hence, this 
measure can nonivasively evaluate the relative changes in the 
balance between oxygen delivery and utilization at muscle level 
at submaximal exercise load, especially when combined with 
cardiorespiratory responses  [39] . Thus, cardiac, ventilatory and 
muscular parameters were selected to investigate the aerobic 
performances, while blood lactate concentration and vertical 
jump measures were used to explore the anaerobic ones. The 
exercise protocol included four 5   min steps at incremental run-
ning velocities (i.   e., 6, 8, 10, 12   km . hr     −    1 , respectively). A speed of 
12   km . h     −    1  was chosen being the highest speed tolerated for 
5   min by the participants at submaximal intensity. To ensure 
steady-state conditions of ventilatory parameters and muscle 
oxygenation status measurements, data were considered from 
the end of the third minute of each workload. Finally, consider-
ing that the psychological state of the individual might help 
maintain his / her performance, subjective indices of stress-
recovery status were explored. 
 The sample size of studies on the eff ects of recovery interven-
tions and on muscle deoxygenation during exercise usually 
included a limited number (range: 7 – 12) of participants 
 [11,   14,   26,   49]  because of the diffi  culty to involve participants in 
highly controlled experimental conditions over time. During the 
two-week experimental period of this study, variations in life-
style that might determine confounding factors were controlled 
by recruiting participants from the Italian Army. Thus, it was 
ensured that recruits maintained the same lifestyle during the 
experimental period and that they refrained from high-intensity 
physical activities the day prior to the experimental session. In 
addition to the highly controlled lifestyle of the soldiers, during 
the experimental sessions participants received a standard meal 
(total caloric intake 900 kcal: 58    %  carbohydrates, 27    %  lipids, 
15    %  proteins) and were provided with individual coloured bot-
tle to monitor their fl uid intake  [34,   48,   49] . 
 Participants performed fi ve experimental sessions, with a three-
day interval between tests. The fi rst session was designed to col-
lect the participant ’ s anthropometric measurements and 
maximal oxygen consumption (VO 2max ). A second trial was 
organized to familiarize the subjects with the experimental set-
ting, consisting of 8 data collection stages (      ●  ▶      Table 1  ) at 9:00 
(morning pre-exercise), 9:30 (morning submaximal incremen-
tal exercise), 10:00 (morning post-exercise), 10:30 (recovery 
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intervention), 11:00 (post-recovery intervention), 16:00 (after-
noon pre-exercise), 16:30 (afternoon submaximal incremental 
exercise), 17:00 (afternoon post-exercise). In agreement with 
the literature  [34,   48,   49] , this time schedule provides suffi  cient 
time to perform pre-exercise, post-exercise, and post-recovery 
assessments, and to ensure suffi  cient postprandial time before 
the afternoon evaluations. 
 During the familiarization session the recovery intervention 
consisted of 8   min jogging, 8   min walking and running sideways 
and backwards, and 4   min stretching. During the experimental 
sessions, the morning exercise performance was followed by 
one of the three studied recovery protocols: 1) sitting rest (R); 2) 
shallow water-aerobic exercises with no buoyancy aids (W: 
8   min jogging, 8   min walking and running sideways and back-
wards, and 4   min stretching) performed at a moderate intensity 
(60    %  of individual HR max ); and 3) electromyostimulation (E) 
lying supine (SportP, Compex, Basel, Switzerland). For E recov-
ery, impulses with 1   Hz decrements every 2   min starting from 9 
down to 7   Hz, and every 3   min starting from 7 down to 2   Hz were 
administered. Monopolar impulses of 100   mA (rise time    =    1.5    μ s; 
pulse width    =    340    μ s; fall time    =    0.5    μ s) were used for the four 
channels. The participants selected the most comfortable inten-
sity (i.   e., between level 20 and 30). Electrodes were placed on 
the rectus femoris, vastus medialis and vastus lateralis, one elec-
trode to be on the widest part of the muscle belly and the other 
on the insertion of the same muscle. Recovery interventions 
lasted around 20   min, according to the duration of the E recovery 
program and to the literature  [22,   43,   48,   49] . 
 A within-subjects design was used with the experimental trials 
conducted in a randomized counterbalanced order so that all the 
subjects performed the three 20   min recovery protocols at the 
end of the experimental period. Participants were required to 
wear the same athletic equipment (i.   e., underwear, standard 
issue cotton station shorts, cotton T-shirt, socks and gym shoes) 
and measurements were conducted at the same time of the day 
to minimize the eff ect of diurnal variations on the selected 
parameters. The stability of the subjects ’  body mass, and aerobic 
and anaerobic performances during the experimental period 
was established comparing the data collected during the morn-
ing sessions. If these parameters were found to be stable, diff er-
ences emerging in the dependent variables would be attributed 
to the recovery interventions.   

 Subjects 
 Eight men (age: 21.9    ±    1.3 years; height: 175.8    ±    10.7   cm; body 
mass: 71.2    ±    9.8   kg; body fat: 11.1    ±    4.4    % ; VO 2max : 57.9    ±    5.1   ml . kg 
. min     −    1 ; HR max : 185    ±    5 beat . min     −    1 ; [HLa max ]: 9.7    ±    2.2   mmol . l     −    1 ) 
recruited from the military population in Rome provided their 
written consent to participate in this study. On average, they had 
completed 2.0    ±    0.3 years of military service, which included 1   h 
daily military activities (i.   e., fl ag raising, marching with and 
without weapons, physical training, weapon training, etc.). 
Twice a week they also engaged in amateur team sports (i.   e., soc-
cer, futsal, volleyball).   

 Anthropometric measurements 
 Body mass was determined with an accuracy of 100   g (Seca, 
Hamburg, Germany) and percentage of body fat was ascertained 
by means of skinfold thickness evaluations on the right side of 
the body, with participant in the standing position. Skinfold 
thickness to the nearest 0.2   mm at the abdomen, axilla, chest, 
subscapula, suprailium, thigh, and triceps was measured three 
times by means of a Lange calliper (Cambridge Scientifi c Instru-
ments, Cambridge, MD, USA) to calculate the individual ’ s per-
centage of total body fat relative to age, according to Jackson and 
Pollock  [25] .   

 Maximal oxygen uptake evaluation 
 To assess VO 2max , the participants were familiarized with the 
treadmill (RunRace HC 1200, Technogym, Gambettola, Italy) 
exercise protocol and were instructed to avoid food for at least 
2   h before exercise testing. Furthermore, subjects were required 
to refrain from caff eine at breakfast. Following a 5   min warm-up 
running (i.   e., light jogging at 6   km . h     −    1  with a 0    %  slope), partici-
pants were continuously urged to complete the highest exercise 
intensity possible. The initial speed was 8   km . h     −    1 and was 
increased by 2   km . h     −    1  every 2   min until the workload corre-
sponding to the maximal oxygen consumption was reached. 
Testing was also terminated when severe fatigue, exhaustion or 
dyspnea occurred. A 5   min active recovery at 6   km . h     −    1  with a 0    %  
slope was allowed. During the test, heart rate (HR), oxygen con-
sumption (VO 2 ), carbon dioxide production (VCO 2 ), and ventila-
tion (VE) were recorded as averaged values every 5   s by a 
open-circuit oxygen uptake measurement system (PFT Cosmed, 
Rome, Italy). The PFT Cosmed fl ow meter was calibrated with a 3 
L syringe (Hans Rudolph Inc, Dallas, TX, USA), and the gas ana-
lyzer was calibrated with known gas mixtures (16    %  and 20.9    %  
O 2 ; 5    %  and 0.03    %  CO 2 ). Determinations of blood lactate concen-
trations [HLa] were performed at rest, at every stage and at the 
third, sixth, and ninth minute of the recovery phase using capil-
lary blood from a fi ngertip immediately analyzed with an Accus-
port Lactate Analyser (Roche, Basel, Switzerland). The criterion 
used to assess the individual ’ s VO 2max  was the occurrence of a 
plateau or a VO 2  increase     <    1   ml · kg     −    1. min     −    1  despite further 
increases in the exercise intensity, a respiratory exchange ratio 
greater or equal to 1.15, a HR in excess of 90    %  of age predicted 
HR max  (220-age), and [HLa] higher than 9   mmol . l     −    1 .   

 Measurements during the incremental running test 
 During the incremental submaximal running bouts, HR, VO 2 , 
VCO 2 , and VE were measured, averaging values every 5   s by an 
open-circuit oxygen uptake measurement system (PFT Cosmed, 
Rome, Italy). The Borg ’ s scale of perceived exertion for the whole 
body (RPE) between 6 (no exertion at all) and 20 (maximal exer-
tion)  [8]  was administered after the third minute of each step. 

  Table 1       Schema of the experimental design (La    =    Blood Lactate; 
CMJ    =    Counter Movement Jump; BJ    =    Bounce Jumping; VO 2     =    Oxygen Con-
sumption, VCO 2     =    Carbon Dioxide Production; HR    =    Heart Rate; RPE    =    Rate of 
Perceived Exertion;     % StO 2     =    Percentage of Hemoglobin Saturation). 

   Time (h:min)  Stages  Data Collection 

   9:00  morning pre-exercise  La, body mass, question-
naires, warm-up, CMJ, BJ. 

   9:30  morning submaximal 
test 

 VO 2 , VCO 2 , HR, 
RPE,     % StO 2 , La 

   10:00  morning post-exercise  La, body mass, CMJ, BJ 
   10:30  recovery intervention   
   11:00  morning post-recovery 

intervention 
 CMJ, BJ 

   12:00  lunch   
   16:00  afternoon pre-exercise  La, body mass, warm-up, 

CMJ, BJ 
   16:30  afternoon submaximal 

test 
 VO 2 , VCO 2 , HR, 
RPE,     % StO 2 , La 

   17:00  afternoon post-exercise  La, body mass, CMJ, BJ 
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Determinations of [HLa] were performed at rest, at the third 
minute of every stage and at the third, sixth, and ninth minute of 
the recovery phase using capillary blood from a fi ngertip which 
was immediately analyzed (Accusport Lactate Analyser, Roche, 
Basel, Switzerland). 
 To measure the percentage of hemoglobin saturation in tissue 
(    % StO 2 ) the noninvasive technique based on spectrophotometric 
principles was used. Oxygen saturation measurements on 
humans during exercise have been previously validated  [31] . In 
this study     % StO 2  was collected continuously every 3.5   s through-
out the entire protocol on the left leg with InSpectraTM tissue 
spectrometer (Hutchinson Technology Inc., Hutchinson, MN, 
USA). A 25   mm probe was placed on the skin over the quadriceps 
muscle at the mean distance of the rectus femoris muscle. To be 
able to maintain the same point throughout the protocol, a sur-
gical marker was used to mark the probe placement. The probe 
was connected to a cable containing transmitting and receiving 
optical fi bres, using wavelength signals between 650 and 810   nm, 
which are diff erently absorbed by hemoglobin and oxyhemo-
globin. The cable was linked to the photosensitive detector in 
the spectrometer. The probe and the skin were covered with 
dark tape to prevent contamination from ambient light. The 
detector signal was processed and displayed as percentage of 
hemoglobin oxygen saturation in tissue. To enable continuous 
measurement during exercise avoiding interferences, the StO 2  
monitor was positioned next to the treadmill. StO 2  monitor was 
linked to a computer, therewith enabling the visualization of 
StO 2  data and their recording for later analysis. Before beginning 
the submaximal exercise, subjects rested on the treadmill and 
the near- infrared spectroscopy unit was calibrated according to 
the manufacturer ’ s specifi cations and protocol. All data fi les 
contained marks to indicate the start and the end of each run-
ning step. The VO 2 , HR and     % StO 2  values registered during the 
last two minutes of each running step were averaged and mean 
values were considered for further analysis.   

 Vertical jump measurements 
 Throughout the study vertical jump tests were administered in 
the same order (i.   e., counter movement jump: CMJ; and bounc-
ing jumping: BJ). Pre-exercise measurements were preceded by 
a 15   min active warm-up on a cycle ergometer (40 – 60    %  of max-
imal heart rate). Jump performances were evaluated by means of 
an optical acquisition system (Optojump, Microgate, Udine, 
Italy), developed to measure with 10     −    3    s precision all fl ying and 
ground contact times. The Optojump photocells are placed 6   mm 
from the ground and are triggered by the feet of the participant 
at the instant of take-off  and are stopped at the instant of con-
tact on landing. Then, calculations of the height of the jump are 
made. For CMJ, from the standing position and keeping the 
hands on the hips, the participants were required to bend their 
knees to a freely chosen angle, which was followed by a maximal 
vertical thrust. For BJ, participants performed seven consecutive 
jumps. 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. For each test, participants were 
allowed two trials with a 3   min recovery period. Thus, their best 
performance was used for statistical analysis and ratios between 
post-recovery and pre-exercise values were calculated.   

 Diet and fl uid intake 
 For each experimental session pre-, post-exercise, and post-
recovery session body mass were determined with an accuracy 
of 100   g. Since recovery takes place with appropriate diet and 
fl uid intake, the participants were encouraged to drink before, 
and after the running test to meet their re-hydration needs. The 
participants were instructed to drink only from their own col-
oured bottles and not to spit out any drink. Observers monitored 
the drinking behaviour to ensure that participants used only the 
correct bottles and that they did not discard any fl uid. All bottles 
were weighed in the morning and after the afternoon test stage 
to establish the volume of each participant ’ s water intake con-
sumed during the experimental session. Furthermore, the stand-
ard meal was administered during the fi rst two hours of the rest 
period under the supervision of an observer.   

 Subjective ratings 
 The psychological status of the individual was explored by 
means of questionnaires designed to represent his recovery-
stress state or to assess potentially stressful events and their 
consequences on general fatigue and on muscle groups. Accord-
ing to the literature  [48,   49] , the RPE for the whole body  [8] , the 
CR10 scale of perceived muscle pain (RMP) for lower limbs 
between 0 (nothing at all) and 11 (maximum pain)  [8] , the 7-
point Likert scale of the individual ’ s recovery-stress state (RestQ 
Sport)  [27] , the sleep quantity  [42] , and the 10-point Likert scale 
(from 1  “ not at all ”  to 10  “ very, very much ” ) of the subjective 
perception of recovery ( “ how do you feel recovered following 
this recovery intervention? ”  and  “ how did you like this recovery 
intervention?)  [48,   49]  questionnaires were administered. To 
explore the eff ects of recovery interventions on the recovery-
stress state of participants, the nineteen scales of the RestQ were 
analyzed separately. High scores in the general stress, emotional 
stress, social stress, confl icts / pressure, fatigue, lack of energy, 
physical complaints, disturbed breaks, emotional exhaustion, 
and injury scales refl ect intense subjective stress. However, high 
scores in the success, social recovery, physical recovery, general 
well being, sleep quality, being in shape, personal accomplish-
ment, self-effi  cacy, and self-regulation scales refl ect an adequate 
recovery.   

 Statistical analysis 
 Data are presented as mean     ±     SD and the criterion for signifi -
cance was set at an alpha level p    <    0.05. Statistical analyses were 
conducted using the statistical package StatView for Macintosh 
(version 5.0.1, SAS Institute Inc., Cary, NC, USA). A preliminary 
analysis of variance and intraclass correlation coeffi  cients (ICCs) 
evaluated the stability of morning conditions of participants. An 
ANOVA for repeated measures verifi ed diff erences between 
morning sessions for BJ, CMJ, RMP, RPE, and body mass. A 3 
(morning session: fi rst, second, and third)    ×    4 (exercise intensity: 
6, 8, 10, and 12   km . hr     −    1 ) ANOVA for repeated analysis was 
applied to HR, VO 2 ,     % StO 2 , RPE, and [HLa] values recorded during 
the running test. 
 Diff erences between recovery interventions for BJ and CMJ 
morning values were ascertained by means of a 3 (recovery 
intervention: R, E, and W)    ×    3 (measurement stage: pre-exercise, 
post-exercise, post-recovery) ANOVA for repeated measures. 
Furthermore, BJ, CMJ, and body mass collected during the morn-
ing and afternoon sessions were submitted to a 3 (recovery 
intervention: R, E, and W)    ×    2 (measurement stage: pre-and post- 
exercise)    ×    2 (exercise bout: morning and afternoon) ANOVA for 
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repeated measures. To evaluate the eff ect of the submaximal 
running test on jump performances, pre- and post-exercise 
ratios were calculated. Ratios were submitted to a 3 (recovery 
intervention: R, E, and W)    ×    2 (exercise bout: morning and after-
noon) ANOVA for repeated measures. 
 Diff erences between recovery interventions for VO 2 , HR,     % StO 2 , 
RPE, and [HLa] values collected during the running tests were 
submitted to a 3 (recovery intervention: R, E, and W)    ×    4 (exer-
cise intensity: 6, 8, 10, and 12   km . hr     −    1 )    ×    2 (exercise bout: morn-
ing and afternoon) ANOVA for repeated measures. Because 
chronobiological variations might infl uence morning-to-evening 
exercise responses  [2]  and performances  [12,   48] , ratios between 
afternoon and morning assessments were calculated to evaluate 
the degree of recovery from the morning exercise, interpreting 
values between 0.90 and 1.0 as a complete recovery. Ratios were 
submitted to a 3 (recovery intervention: R, E, and W)    ×    4 (exer-
cise intensity: 6, 8, 10, and 12   km . hr     −    1 ) ANOVA for repeated 
measures. 
 An ANOVA for repeated measures with recovery interventions as 
independent variables was applied to sleeping time, water 
intake, RMP, RestQ subscales, and Likert parameters. If the over-
all F test was signifi cant, post hoc Fisher protected least signifi -
cant diff erence comparisons were used and the Bonferroni alpha 
level correction was applied to eliminate an infl ated Type 1 error 
for multiple comparisons. Furthermore, to provide meaningful 
analysis for comparisons from small groups, the Cohen ’ s eff ect 
sizes (ES) were also calculated. An ES 0.2 was considered trivial, 
from 0.3 to 0.6 small,     <    1.2 moderate and     >    1.2 large.    

 Results 
  ▼   
 Stability of morning conditions of subjects and 
submaximal running load 
 Pre-exercise measurements showed no diff erence between 
experimental sessions, with ICCs of 0.48, 0.71, 0.74, 0.84, 0.99 
for BJ, RMP, CMJ, RPE, and body mass, respectively. Comparing 
the exercise load administered during the morning sessions, a 
main eff ect emerged only between running intensities, with 
progressively increasing values for HR (F (3,36)     =    80.55; p    <    0.0001), 
VO 2  (F (3,36)     =    154.63; p    <    0.0001), RPE (F (4,48)     =    27.12; p    <    0.0001) 

and [HLa] (F (4,48)     =    6.63; p    =    0.001), and progressively decreasing 
values for     % StO 2  (F (3,36)     =    8.13; p    =    0.0012). These variables 
showed high ICCs ranging from 0.95 to 0.99 and low ES (range: 
0.04 – 0.54). Therefore, it was possible to submit dependent vari-
ables to comparisons between the recovery interventions.   

 Eff ects of recovery interventions on body mass, water 
intake, and sleep 
 Subjects ’  body mass was signifi cantly higher (F (1,12)     =    93.08; 
p    <    0.0001; ES    <    0.2) before (71.8    ±    9.7   kg) than after (71.4    ±    9.7   kg) 
the running tests, and signifi cantly (F (1,12)     =    70.36; p    =    0.0002; 
ES    =    0.05) lower in the morning (71.2    ±    9.7   kg) than in the after-
noon (71.9    ±    9.7   kg) session, with no diff erence between recov-
ery interventions. No diff erence between experimental sessions 
(ICC    =    0.74) emerged for the water intake of subjects 
(1534    ±    529   ml) during the three experimental sessions. Indi-
viduals reported 7.0    ±    0.5   h of sleep with no disturbances, inde-
pendent of recovery interventions.   

 Eff ects of recovery interventions on physiological 
parameters collected during the running tests 
       ●  ▶      Table 2   reports the descriptive statistics for the physiological 
and RPE data collected during the morning and afternoon run-
ning bouts. None of these variables showed a main eff ect for 
recovery interventions. From the comparison of HR values, main 
eff ects for exercise intensity (F (3,36)     =    113.23; p    <    0.0001; ES    >    1.2) 
and exercise bout (F (1,36)     =    13.80; p    =    0.0099; ES     <    0.06) emerged. 
Higher values were registered in the afternoon (62    ±    8, 77    ±    6, 
87    ±    7, 94    ±    11    %  HR max ) compared with those registered in the 
morning (55    ±    5, 73    ±    8, 86    ±    8, 91    ±    9    %  HR max ). For VO 2  values 
only running intensity showed a main eff ect (F (3,36)     =    173.92; 
p    <    0.0001; ES    >    1.2), with progressive increases corresponding to 
38    ±    8, 62    ±    15, 78    ±    16, 87    ±    14    %  VO 2max , respectively. With 
increasing exercise intensity also     % StO 2  showed diff erences 
(F (3,36)     =    8.91; p    =    0.0008; ES    >    1.2), although in the opposite direc-
tion (i.   e., 76    ±    12, 74    ±    9, 68    ±    10, 60    ±    12     % StO 2  at 6, 8, 10, and 
12   km . h     −    1  running speed, respectively). Although this variable 
showed an overall exercise bout    ×    exercise intensity    ×    recovery 
intervention interaction (F (6,36)     =    2.51; p    =    0.039), post-hoc analy-
sis did not show any diff erence between recovery interventions 
in the afternoon training session. For RPE main eff ects emerged 

  Table 2       Means and standard deviations of the parameters measured during the incremental submaximal running test. 

       Running Velocity 

       6   km . h     −    1     8   km . h     −    1     10   km . h     −    1     12   km . h     −    1    

     Recovery  Morning  Afternoon  Morning  Afternoon  Morning  Afternoon  Morning  Afternoon 

   heart rate 
(beat . min     −    1 ) 

 sitting rest  104    ±    6  115    ±    8  137    ±    13  144    ±    11  160    ±    9  162    ±    8  170    ±    14  173    ±    9 

     electrostimulation  100    ±    6  117    ±    13  131    ±    12  140    ±    13  155    ±    7  159    ±    7  167    ±    12  168    ±    11 
     water exercises  102    ±    9  112    ±    5  136    ±    14  141    ±    13  160    ±    8  160    ±    8  171    ±    15  174    ±    7 
   VO 2  (ml . kg     −    1. min     −    1 )  sitting rest  19.7    ±    2.6   20.2    ±    2.7  31.2    ±    5.3  30.7    ±    5.0  41.2    ±    4.4  40.9    ±    3.8  45.3    ±    7.7  46.4    ±    4.8 
     electrostimulation  18.5    ±    2.6  19.7    ±    3.4  31.7    ±    4.7  31.0    ±    5.0  39.6    ±    4.1  39.7    ±    3.9  46.2    ±    5.0  42.7    ±    5.8 
     water exercises  18.4    ±    2.3  17.9    ±    2.4  32.7    ±    5.4  33.7    ±    4.9  39.7    ±    4.2  38.2    ±    4.3  46.1    ±    6.6  44.6    ±    5.3 
       % StO 2   sitting rest  76    ±    10  80    ±    9  77    ±    9  78    ±    9  72    ±    7  71    ±    11  64    ±    2  64    ±    9 
     electrostimulation  70    ±    15  76    ±    14  66    ±    14  73    ±    8  60    ±    15  68    ±    11  52    ±    15  61    ±    15 
     water exercises  75    ±    11  79    ±    9  75    ±    8  75    ±    6  71    ±    7  68    ±    6  63    ±    2  57    ±    8 
   RPE (pt)  sitting rest  7    ±    2  7    ±    1  9    ±    2  11    ±    2 *  #   11    ±    4  13    ±    4 *   §    15    ±    4  14    ±    5 
     electrostimulation  7    ±    1  7    ±    3  9    ±    3  9    ±    3  12    ±    4  11    ±    4  14    ±    4  14    ±    4 
     water exercises  7    ±    2  8    ±    2  9    ±    3  9    ±    3  11    ±    4  12    ±    4  14    ±    4  15    ±    4 
      *        =    diff erences (p    <    0.05) with respect to morning values   
     #    =    diff erences (p    <    0.01) with respect to Electrostimulation and Water Exercise afternoon values   
      §     =    diff erences (p    <    0.05) with respect to Electrostimulation afternoon values   
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for exercise bout (F (1,36)     =    6.35; p    =    0.045; ES    =    0.07) and exercise 
intensity (F (3,36)     =    33.10; p    <    0.0001; ES    =    0.4 – 0.7). Recovery inter-
vention showed a diff erence only in the interaction with exer-
cise bout and exercise intensity (F (3,36)     =    2.73; p    <    0.028). Post-hoc 
analysis showed diff erences during the afternoon session 
between R and the other two recovery interventions for the 
8   km . h     −    1  running speed, and between R and E for the 10   km . h     −    1  
running speed. For [HLa] only a main eff ect for step (F (4,48)     =    22.37; 
p    <    0.0001; ES ranging from 0.90 and 0.99) emerged. Lowest val-
ues were recorded during the 6   km . hr     −    1  (2.2    ±    0.7   mmol . l     −    1 ) and 
8   km . hr     −    1  (2.4    ±    0.6   mmol . l     −    1 ) running steps and highest values 
during the 10   km . hr     −    1  (4.1    ±    1.7   mmol . l     −    1 ) and 12   km . hr     −    1  
(4.8    ±    2.2   mmol . l     −    1 ) ones. Peak lactate values (4.9    ±    1.7   mmol . l     −    1 ) 
emerged at the third (67    % ) and sixth (33    % ) minute of the post-
exercise phase.   

 Eff ects of recovery interventions on jumping 
performances 
       ●  ▶      Table 3   reports the performances registered during the fi ve 
data collection stages for jump performances. No main eff ect 
emerged between recovery interventions and daily experimen-
tal sessions. Only CMJ showed a main eff ect for measurement 
stage (F (1,12)     =    36.79; p    =    0.0009; ES    =    0.01 – 0.6), with higher val-
ues for post-exercise performances (33.1    ±    2.4   cm) than pre-
exercise ones (30.6    ±    2.6   cm), maintaining the same trend in the 
morning and in the afternoon. Values registered after the admin-
istration of the recovery interventions (31.6    ±    2.2   cm) were simi-
lar to pre-exercise ones.   

 Eff ects of recovery interventions on ratios 
 For the physiological parameters afternoon / morning ratios 
(      ●  ▶      Table 4  ) ranged between 0.90 to 1.18, with no diff erences 

between recovery interventions. Also post-test / pre-test ratios of 
jump performances (      ●  ▶      Table 5  ) approached 1.0 (CMJ    =    0.99    ±    0.06; 
BJ    =    0.98    ±    0.12) with no diff erences between recovery interven-
tions.   

 Eff ects of recovery interventions on subjective ratings 
 Low subjective perception of muscle pain (2.3    ±    2.1, correspond-
ing to light pain) was registered, with no diff erence between 
recovery interventions and daily sessions. The stress-recovery 
state of the participants assessed by means of the RestQ Sport 
questionnaire (      ●  ▶      Fig. 1  ), showed low mean values for the stress-
associated activity scales (range: 0.6 – 1.8) and high values for the 
recovery-oriented scales (range: 2.2 – 4.1), with no diff erence 
emerging between recovery interventions. No participant 
reported sitting rest as the most eff ective (electrostimula-
tion    =    60    % ; water exercises    =    40    % ) or appreciated (water exer-
cises    =    60    % ; electrostimulation    =    40    % ) recovery intervention.    

  Table 3       Means and standard deviations of the countermovement (CMJ) and Bouncing (BJ) jump performances. 

       Morning  Afternoon 

   Vertical Jump  Recovery  Pre-Exercise  Post-Exercise  Post-Recovery  Pre-Exercise  Post-Exercise 

   CMJ (cm)  sitting rest  31    ±    2  33    ±    2  31    ±    2  30    ±    2  33    ±    2 
     electrostimulation  31    ±    3  33    ±    3  31    ±    2  31    ±    3  33    ±    3 
     water exercises  30    ±    2  33    ±    2  32    ±    3  30    ±    4  33    ±    2 
   BJ (cm)  sitting rest  25    ±    2  24    ±    4  23    ±    2  24    ±    2  25    ±    3 
     electrostimulation  26    ±    2  26    ±    2  25    ±    2  24    ±    4  25    ±    4 
     water exercises  23    ±    2  25    ±    4  25    ±    4  24    ±    5  24    ±    3 

  Table 4       Means and standard deviations of the ratios between the afternoon and morning parameters measured during the running performances. 

   Variable  Recovery Intervention  Running Velocity 

       6   km . h     −    1   8   km . h     −    1   10   km . h     −    1   12   km . h     −    1  

   heart rate  sitting rest  1.09    ±    0.03  1.05    ±    0.04  1.01    ±    0.01  1.05    ±    0.09 
     electrostimulation  1.18    ±    0.03  1.07    ±    0.02  1.03    ±    0.03  0.98    ±    0.08 
     water exercises  1.10    ±    0.09  1.03    ±    0.03  1.00    ±    0.02  0.99    ±    0.01 
   VO 2   sitting rest  1.03    ±    0.05  1.04    ±    0.04  1.00    ±    0.02  1.01    ±    0.21 
     electrostimulation  1.07    ±    0.05  0.99    ±    0.08  1.00    ±    0.05  0.93    ±    0.15 
     water exercises  0.97    ±    0.04  0.97    ±    0.04  0.96    ±    0.03  0.97    ±    0.05 
       % StO 2   sitting rest  1.05    ±    0.07  1.00    ±    0.11  0.97    ±    0.14  0.98    ±    0.18 
     electrostimulation  1.12    ±    0.15  1.13    ±    0.15  1.17    ±    0.18  1.22    ±    0.24 
     water exercises  1.06    ±    0.09  1.01    ±    0.11  0.96    ±    0.10  0.90    ±    0.13 
   RPE  sitting rest  1.13    ±    0.18  1.32    ±    0.37  1.14    ±    0.11  0.99    ±    0.14 
     electrostimulation  1.10    ±    0.28  1.01    ±    0.09  0.96    ±    0.07  1.03    ±    0.09 
     water exercises  1.09    ±    0.13  1.09    ±    0.12  1.10    ±    0.20  1.06    ±    0.12 
   blood lactate  sitting rest  0.94    ±    0.23  1.07    ±    0.30  1.03    ±    0.41  0.80    ±    0.23 
     electrostimulation  1.19    ±    0.37  1.01    ±    0.39  0.93    ±    0.28  0.96    ±    0.19 
     water exercises  1.04    ±    0.40  0.96    ±    0.38  0.86    ±    0.09  0.85    ±    0.16 

  Table 5       Means and standard deviations of the ratios between the pre- and 
post-exercise vertical jump performances. 

     Recovery Interven-

tion 

 Morning  Afternoon 

   countermove-
ment jump 

 sitting rest  1.00    ±    0.03  1.00    ±    0.05 

     electrostimulation  1.00    ±    0.04  0.97    ±    0.04 
     water exercises  0.99    ±    0.12  0.99    ±    0.04 
   bouncing 
jumping 

 sitting rest  0.98    ±    0.08  1.04    ±    0.08 

     electrostimulation  0.94    ±    0.09  0.97    ±    0.10 
     water exercises  1.00    ±    0.23  0.99    ±    0.10 
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 Discussion 
  ▼  
 The main fi nding of this study was that passive and active recov-
ery interventions did not induce signifi cant diff erences in aero-
bic, anaerobic, and stress-recovery status parameters in relation 
to two daily experimental sessions (i.   e., submaximal exercise 
and pre- and post-exercise measurement stages), organized with 
a 4.5   h rest in between according to the literature  [34,   35]  and 
the training schedule of athletes who adopt a twice-daily train-
ing regimen  [48] . Furthermore, interesting results concern: a) a 
minor morning-to-evening diff erences emerged, although larger 
chronobiological aspects of exercise were expected  [2,   12,   48] ; 
and b) after the incremental running bouts participants not only 
maintained their BJ performances, but also improved their CMJ 
ones, substantiating previous fi ndings on improvements in all-
out jumping capabilities as a result of previous neuromuscular 
activation  [5,   50] . 
 Reviewing chronobiological aspects of exercise, Atkinson and 
colleagues  [2]  claimed that a 10    %  morning-to-evening diff erence 
could be expected for HR and VO 2  values, with lower HR or VO 2  
responses to a given intensity of exercise in the morning. The 
present fi ndings showed similar morning-to-afternoon patterns 
only for HR values registered at the lowest running speed (12    % ), 
while diff erences tended to decrease (ranging from 5    %  to     <    2    % ) 
with increasing running speed. Actually, it has to be considered 
that in this study the subjects underwent two daily exercise ses-
sions, and these responses could mainly result from cumulative 
training. 
 The lack of diff erence between recovery interventions is in line 
with previous studies that reported no benefi ts in performance 
following active recovery interventions in athletes  [32,   46,   48,   49] . 
Several factors might have more impact on the recovery process 
than any of the interventions employed, such as the young age 

 [40] , the good athletic condition  [46] , the well-balanced dietary 
regimen  [29,   32] , euhydration  [27] , suffi  cient sleep  [42] , and low 
level of psychological distress  [28]  of the individual. Further-
more, studying with a two bout exercise protocol the recovery 
capability of athletes who have been classifi ed over-trained and 
non-functionally over-reached (i.   e., athletes who tend to under-
perform because of their already ascertained reduced recovery 
capability), Meeusen et   al.  [34]  claimed that aerobic perform-
ance, [HLa], and heart rate might not be sensitive enough to 
detect changes as a result of fatigue. It has to be noted that the 
present study included normally performing individuals, with a 
good level of stress-recovery status, aerobic capacity, and ability 
to exchange lactate during exercise  [10] . Thus, diff erences due to 
various recovery interventions are likely to be so small they will 
be diffi  cult to detect  [23] . 
 According to the literature  [21,   48,   49] , the psychological regen-
eration after training has been examined in conjunction with 
physiological restoration. In fact, some authors  [30,   41,   47 – 49]  
claimed that active recoveries may help maintaining a positive 
attitude of the athletes toward exercise, preventing the subjec-
tive feelings of monotony of training responsible for decrements 
in performance  [18] . Despite the lack of diff erences in the physi-
ological and performance parameters as a result of the recovery 
interventions, following seated rest recovery the subjects 
reported higher rates of perceived exertion running at 8 and 
10   km . hr     −    1  speeds. Furthermore, supine electrostimulation was 
attributed the highest eff ectiveness and water exercises were 
the most appreciated recovery mode. These fi ndings provide 
some scientifi c support for the use of these recovery interven-
tions that could promote a feeling of well-being. Thus, despite 
the use of recovery strategies after exercise to enhance perform-
ance in a subsequent daily training is doubtful, its potential to 
bring psychological benefi ts should not be overlooked  [21] . In 
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Electrostimulation Rest Water   Fig. 1           Means and standard deviations of the 

19 Items of the RestQ Sport Questionnaire in 
relation to the three recovery interventions. Rating 
Scale: 0    =     “ Never ” ; 1    =     “ Seldom ” ; 2    =     “ Sometimes ” ; 
3    =     “ Often ” ; 4    =     “ More Often ” ; 5    =     “ Very Often ” ; 
6    =     “ Always ” .  
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fact, psychological factors infl uencing the individual ’ s perform-
ance are crucial for athletes and coaches could consider the 
administration of recovery strategies to achieve an optimal bal-
ance between the subjective feelings of exercise load and recov-
ery  [48] . 
 In conclusion, the current study confi rms that post-exercise 
recovery interventions do not represent performance enhance-
ment modalities in young individuals over a limited time period. 
It is possible to hypothesize that longitudinal research protocols 
could be more successful in providing valuable information for 
the coach on the eff ectiveness of recovery interventions on 
cumulative training. However, controlling the training process 
over time is very demanding and challenging, mainly because of 
the diff erent aspects that have to be recorded and the multifac-
torial eff ects that might lead to inconsistency in the results. 
Recently, validated on-line training diaries for diff erent sport 
disciplines are available (i.   e.,  www.blits.com ). They include 
morning and afternoon evaluations of diff erent aspects of train-
ing (i.   e., performance, physiological, and psychological), and 
allow the monitoring of the overall strain and the control for 
confounding factors over time. Therefore, further studies on 
post-training recovery interventions that maintain longitudinal 
ecological settings are strongly recommended.             
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