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Running head: Resistance exercise enhances recovery from strength training 
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7 Abstract 
8 
9 The aim of this study was to compare the effects of active and passive strategies on the recovery 

10 
11 

response following a high-volume bench press protocol. 

13 

14 Twenty-five resistance trained men (Mean ± SD: age = 25.8 ± 3.6 y; body mass = 87.1 ± 12.1 
15 
16 

kg; height = 177.4 ± 4.9 cm) performed a high-volume bench press session (8 sets of 10 reps at 

18 

19 70% of 1RM). Subsequently, they were randomly assigned to an active recovery (AR) group (n 
20 
21 = 11) or to a passive recovery (PR) group (n = 14). AR consisted of light bench press sessions 
22 
23 

24 performed 6 hr and 30 hr after the high-volume exercise protocol. Muscle performance [bench 
25 
26 throw power (BTP) and isometric bench press (IBP)] and morphology [muscle thickness of 
27 
28 

pectoralis major (PECMT) and of triceps brachii (TRMT)] were measured prior to exercise (BL), 

30 

31 and at 15-min (15P), 24-hr (24P) and 48-hr (48P) post-exercise. 
32 

33 
Post-exercise recovery of both maximal strength and power were accelerated in AR compared to 

35 

36 PR. Both BTP and IBP were significantly (p<0.001) reduced at 15P and 24P in PR while 
37 
38 

changes were significant (p<0.001) at 15P only in AR. PECMT was still significantly (p=0.015) 
39 
40 

41 altered from BL at 48P in PR while changes were significant (p<0.001) at 15P only in AR. No 
42 
43 significant interactions (p>0.05) between PR and AR were detected for TRMT and muscle 
44 

45 
soreness. 

47 
48 The present results indicate that AR enhances the recovery rate following high-volume exercise 
49 

50 
sessions and may be included in resistance training programs to optimize muscle adaptations. 

52 

53 

54 
55 

Key Words: Strength Training, Muscle Thickness, Pectoral muscle, muscle architecture 
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7 INTRODUCTION 
8 
9 Recovery from exercise represents a key factor to optimize adaptations to sport training 

10 
11 

12 and exercise (5). Various physiological systems respond to different exercise stimuli and require 
13 
14 different time to return to physiological conditions (27). Impaired muscle performance, changes 
15 

16 
in muscle morphology and muscle soreness are common symptoms of muscle damage and 

18 

19 inflammation induced by resistance exercise (25,26). 
20 

21 
During the last decades, many strategies were developed by athletes and coaches to accelerate 

23 

24 muscle recovery from subsequent training sessions or competitive events (13). Active recovery, 
25 
26 

cold water immersion, massage and nutrition have been widely used to reduce muscle soreness 
27 
28 

29 after exercise, restore performance and/or accelerate lactate removal (5,17,23). It is a common 
30 
31 belief that active recovery (AR) accelerates the recovery process and the return to homeostasis 
32 

33 
after intense exercise sessions (3). AR usually consists of submaximal work performed during 

35 
36 the recovery between different bouts of supramaximal exercise (32,34), during the recovery 
37 
38 

phase following a training session (22), or following a team sport match (13). 

40 

41 Several experimental studies to date compared AR with other strategies such as passive recovery 
42 
43 

or stretching. Some authors reported increased total work during repeated bouts of high intensity 

45 

46 exercise when AR strategies were adopted compared to passive recovery (32). Consistently, Gill 
47 
48 et al. (13) reported enhanced rates and magnitude of recovery after a competitive rugby match 
49 
50 

51 compared to passive recovery. On the contrary, Andersson et al. (3) reported no significant 
52 
53 effects of AR on recovery patterns of neuromuscular and biochemical parameters between two 
54 
55 

soccer matches in elite female players. In this study the decline in jump, sprint and maximal 

57 

58 isokinetic torque following soccer matches were not attenuated by AR. In addition, creatine 
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4 kinase, urea and uric acid blood concentrations were not influenced by the recovery strategies 
5 
6 

adopted. 

8 
9 The possible positive effects of AR are associated with reduced muscle edema, enhanced muscle 
10 
11 

fiber regeneration and decrease in the inflammatory response resulting from high demanding 

13 

14 exercise sessions (9,10,28).  Only a few studies to date have investigated the effects of AR on the 
15 
16 

recovery phase following resistance training. Recently, Peake et al. 2017 (28) reported similar 

18 

19 effects of AR and cold water immersion on the inflammatory response following a high- volume 
20 
21 resistance training session for lower body. To the best of our knowledge, only one experimental 
22 
23 

24 study investigated the effects of resistance exercise sessions performed as strategy to accelerate 
25 
26 recovery (2). The authors reported enhanced recovery rates of strength performance when an 
27 
28 

upper-body exercise session was performed the day after a lower-body workout compared to 

30 

31 passive recovery.   Changes   in   microvascular   blood   flow   after   exercise   and   increased 
32 

33 
concentrations of anabolic hormones were adduced as possible mechanisms activated by AR 

35 

36 (2,29). 
37 
38 

Although some studies have investigated changes in muscle architecture and strength loss during 
39 
40 

41 the recovery phase following a high-volume resistance exercise session (8,14), there is a lack of 
42 
43 studies concerning the effects of AR on these parameters. 
44 

45 
Thus, the aim of the present study was to compare the effects of AR and passive recovery (PR) 

47 
48 on changes in muscle performance and muscle architecture following a typical hypertrophy 
49 

50 
bench press protocol. 

52 

53 Based on the aforementioned principles and physiological effects that may be induced by light 
54 
55 

resistance exercise, it was hypothesized that AR may reduce the time to recover following a 

57 

58 damaging bench press protocol. 



1 

2 

3 

59 

60 

61 

62 

63 

64 

65 

4 

 

 

13 

18 

30 

35 

40 

52 

57 

4 

5 

6 

7 METHODS 
8 

9 Experimental approach to the problem 
10 

11 

12 
The experimental design followed by each participant is depicted in Figure 1. Participants 

14 

15 were requested to report to the laboratory on four separate occasions. During the first visit, 
16 

17 
participants were assessed for anthropometric measures and one-repetition maximum strength (1- 

19 

20 RM) on the bench press exercise. Participants reported back to the laboratory between 72 hr and 
21 
22 

96 hr following their initial visit and performed the exercise training session. Participants of both 
23 
24 

25 groups were asked to perform eight sets of ten repetitions at 70% of the previously measured 1- 
26 
27 RM. Recovery time between sets was 75 s. During the exercise session, if the required number of 
28 

29 
repetitions per set were not completed, then the load was reduced by 5% of 1RM in the 

31 
32 subsequent set to enable the participant to complete the required number of repetitions. No 
33 
34 

forced repetitions were performed in either protocol. Immediately prior to the exercise session 

36 

37 (Baseline; BL) strength and power assessments were performed. Following the workout, 
38 
39 

participants were tested 15 min, 24-hr and 48-hr post-exercise to assess the acute fatiguing effect 

41 

42 of the workout. Muscle ultrasonography were obtained at each time point. The resistance 
43 
44 protocol was constituted by the bench press exercise only. Participants in the active recovery 
45 
46 

47 (AR) group were asked to complete five sets of ten repetitions at the bench press using a load 
48 
49 corresponding to 10% of the previously measured 1-RM, 6-hr and 30-hr following the high- 
50 
51 

volume exercise session. This load was selected to increase muscle blood flow without inducing 

53 

54 additional mechanical and metabolic stress to the muscles involved in the bench press exercise. 
55 
56 

Participants in passive recovery (PR) group were asked to avoid any physical activity, except for 

58 
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30 
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52 
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58 

4 the assessment sessions, for 48 hr following the exercise session. All resistance and assessment 
5 
6 

sessions were supervised by the same qualified investigators. 

8 
9 [Place Figure 1 here] 

10 

11 
12 Subjects 
13 

14 

15 Twenty-five experienced, resistance trained men who were strength trained at least 3 
16 

17 
times a week for more than 3 years (Mean ± SD: 6.5±3.1 y), participated to the present study. All 

19 

20 the participants had at least 2 years of experience in periodized resistance training programs 
21 
22 

including high volume resistance workouts and supervised by strength and conditioning coaches. 
23 
24 

25 They were randomly assigned into the AR group (n = 11; age = 25.7 ± 4.0 y; body mass = 86.0 ± 
26 
27 10.5 kg; height = 177.7 ± 5.4 cm) or into the PR (n = 14; age = 25.7 ± 3.4 y; body mass = 88.0 ± 
28 

29 
13.5 kg; height = 177.1 ± 4.7 cm). All the participants volunteered to take part in this 

31 
32 investigation. Inclusion criteria required participants to be between the ages of 18 and 35 years, 
33 
34 

and the ability to press at least their body mass (1-RM bench press = 115.2 ± 14.1 kg; 1.3 ± 0.2 

36 

37 times body mass and 113.0 ± 18.0 kg; 1.3 ± 0.2 times body mass for AR and PR, respectively) 
38 
39 

at the bench press. Participants were not permitted to use any additional dietary supplementation 

41 

42 and did not consume any androgens or other performance enhancing drugs. Screening for 
43 
44 performance enhancing drug use and additional supplementation was accomplished via a health 
45 
46 

47 questionnaire completed at recruitment stage. The study was approved by the University’s 
48 
49 Ethical Committee. Testing procedures were fully explained to each participant before obtaining 
50 
51 

individual written informed consent. 

53 

54 
Strength and Power Testing 

56 

57 
Prior to 1-RM bench press testing participants performed a standardized warm-up 

59 

60 consisting of 5-min cycling on a cycle ergometer against a light resistance, 10 body weight 
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4 squats, 10 body weight walking lunges, 10 dynamic walking hamstring stretches, and 10 
5 
6 

dynamic walking quadriceps stretches (6). The 1-RM test for the  barbell bench press was 

8 
9 performed using methods previously described by Hoffman (16). Briefly, each participant 
10 
11 

performed two warm-up sets using a resistance of approximately 40-60% (6-8 reps) and 60-80% 

13 

14 (3-5 reps) of his perceived maximum, respectively. For each exercise, 3-4 subsequent trials were 
15 
16 

performed to determine the 1-RM. A 3-5 min rest period was provided between each trial. 

18 

19 Trials not meeting the range of motion criteria for each exercise or where technique was not 
20 
21 appropriate were discarded. 
22 
23 

24 During all other visits, the above standardized warm-up was repeated. During each visit, 
25 
26 participants were required to perform a bench press throw test (BT) and an isometric bench press 
27 
28 

test (IBP). BT test was performed using a smith machine as previously described by Bartolomei 

30 

31 et al. (7). Participants laid down on a bench in supine position with the bar on their chest. They 
32 

33 
were instructed to push with maximum explosive intent until complete extension of the arms and 

35 

36 to throw the bar as high as possible. Two spotters were placed at each side of the smith machine 
37 
38 

to decelerate the bar during the descending phase. Participants pressed loads corresponding to 
39 
40 

41 50% of their 1-RM. Two trials were performed with a recovery time of 3 min. During all 
42 
43 repetitions, an optical encoder (Tendo Unit model V104, Tendo Sports Machines, Trencin, 
44 

45 
Slovak Republic) measured the mean power (BTP) expressed by the participants. Intraclass 

47 
48 correlation coefficient for BTP was 0.96 (SEM: 17.5 W; minimal important difference; MID = 
49 

50 
25.8 W). 

52 

53 An isometric bench press (IBP) assessment was also performed using a power rack that 
54 
55 

permitted fixation of the bar. The bench was positioned over a force plate (Kistler 9260, 500 Hz, 

57 

58 Winterthur, Switzerland). Participants were required to position themselves on the bench with a 
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12 

17 

34 

39 

54 

4 90° elbows flexion and were not permitted to position their feet on the ground. Elbow angle, and 
5 
6 

grip width were measured using a goniometer and a measuring tape, respectively, in order to 

8 
9 reproduce the same position for all testing sessions. Participants were asked to press against the 
10 
11 

bar as hard as possible for 6 s. The force expressed against the bar was transmitted by the bench 

13 

14 to the force plate and the peak force (IBPF) and the rate of force development were calculated. 
15 
16 

Each participant performed two IBP trials and a recovery time of 3 min was observed between 

18 

19 the attempts. For IBP, peak force was measured and the peak rate of force development using a 
20 
21 20-ms window (pRFD20) was calculated as previously described by Haff et al. (15). Intraclass 
22 
23 

24 correlation coefficients were 0.67 (SEM = 2531.1 N  sec-1; MID = 2759.2 N  sec-1 and 0.91 
25 
26 

(SEM = 67.2 N; MID = 75.8 N) for pRFD20 and IBPF, respectively. 
27 
28 

29 In order to activate both the sternoclavicular portion of the pectoralis major and the 
30 
31 triceps brachii (20), a narrow grip width, corresponding to 100% of the biacromial distance, was 
32 
33 

adopted. The same grip width was used for BT, IBP, 1-RM bench press and during the exercise 

35 
36 session. 
37 
38 

During all isometric and ballistic measurements, participants were verbally encouraged 

40 

41 by the study investigators. 
42 

43 

44 

45 
46 

Ultrasonography measurements 
47 
48 

49 Non-invasive skeletal muscle ultrasound images were collected from the participant’s left 
50 
51 side. Prior to image collection, all anatomical locations of interest were identified using 
52 

53 
standardized landmarks for the pectoralis major muscle (PEC) and for the triceps brachii muscle 

55 
56 (TR). PEC muscle thickness (PECMT) was measured at the site between the third and fourth 
57 

58 
costa under the clavicle midpoint (1). TR size (TRMT) was measured at the posterior upper arm 
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4 at 60% distal between the lateral epicondyle of the humerus and the acromial process of the 
5 
6 

scapula (1,36). Measurements were carried out while the participant stood in supine decubitus 

8 
9 and in lateral decubitus for PEC and TR measurements, respectively. The participants were 
10 
11 

required to lay on the examination table for a minimum of 15 min before images were collected. 

13 

14 The same investigator performed all landmark measurements for each participant. 
15 
16 

A 12 MHz linear probe scanning head (Echo Wave 2, Telemed Ultrasound Medical 

18 

19 System, Milan, Italy) was coated with water soluble transmission gel to optimize spatial 
20 
21 resolution and used to collect all ultrasound images. The probe was positioned on the surface of 
22 
23 

24 the skin without depressing the dermal layer (gain = 50dB; image depth = 5 cm). During the 
25 
26 measurements, participants were asked to relax their arm and pectoral muscles and maintain the 
27 
28 

supine or the right lateral decubitus position. All ultrasound images were taken and analyzed by 

30 

31 the same technician. Muscle thickness (MT) measures were obtained using a longitudinal B- 
32 

33 
mode image. Three consecutive MT images were captured and analyzed for each muscle. For 

35 

36 each image, MT was measured with a single perpendicular line from the superficial aponeurosis 
37 
38 

to the deep aponeurosis. The average of the three MT measures was used for statistical analyses. 
39 
40 

41 Intra-class correlation coefficients (ICCs) were 0.95 (SEM = 1.05 mm; MID = 0.72 mm) and 
42 
43 0.93 (SEM = 1.23 mm; MID = 1.05 mm) for PECMT and TRMT, respectively. 
44 

45 

46 

47 
48 

Muscle pain and soreness score 

50 
51 Participants were asked to assess their subjective feelings of soreness intensity of both 
52 
53 

PEC (sorPEC) and TR (sorTR) using a 100-mm visual analog scale (VAS) (19,24). No soreness 

55 

56 was recorded as 0 and the worst possible soreness as 100. Participants were asked to mark the 
57 

58 
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15 
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52 

4 VAS immediately after flexion and extension of shoulders and elbows, to assess sorPEC and 
5 
6 

sorTR, respectively. Soreness intensity were evaluated at BL, 15P, 24P, 48P. 

8 

9 
Dietary logs 

11 
12 Participants were instructed to record as accurately as possible everything they consumed 
13 
14 

during each 3-day trial. For the following experimental trial, participants were  required to 

16 

17 duplicate the content, quantity, and timing of their daily diet during the preceding 24 hr. 
18 
19 

Participants were instructed not to eat or drink (except water) within 10 hr of reporting to the 
20 
21 

22 laboratory for each experimental trial. The USDA Nutritional Database (US Department of 
23 
24 Agriculture, Beltsville, MD) was used to analyze total calories, carbohydrates, protein, and fat. 
25 

26 
27 Statistical analysis 
28 

29 
A Shapiro-Wilk test was used to assess the normal distribution of the data. Performance and 

31 
32 morphological data were analyzed using a two-way (group x time) analysis of covariance 
33 
34 

(ANCOVA) with repeated measures, where baseline score served as covariate. If the assumption 

36 

37 of sphericity was violated, a Greenhouse-Geisser correction was applied. In case of a significant 
38 
39 

time x group interaction, each group was analyzed separately by a one-factor ANOVA with 

41 

42 repeated measures on time. The partial eta squared statistic was reported as an effect size (ES), 
43 
44 and according to Stevens (33), 0.01, 0.06, and 0.14 were used to represent small, medium, and 
45 
46 

47 large effect sizes, respectively. 
48 
49 Where appropriate, percent changes were calculated as follows: [(post-exercise mean – 
50 
51 

pre-exercise mean) / pre-exercise mean] × 100. Significance was accepted at an alpha level of p 

53 

54 ≤ 0.05, and all data are reported as mean ± SD. 
55 

56 

57 RESULTS 
58 

59 

60 Performance Assessments 
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4 Results for power and maximal strength performance measures are shown in Figure 2 
5 
6 

and Figure 3, respectively. A significant group x time interaction was noted for BTP (F = 7.033; 

8 
9 p = 0.003; η2 = 0.156). Power was significantly reduced from baseline at 15P and 24P in PR (- 
10 
11 

125.6 ± 51.4 W; p < 0.001; 95% confidence interval [CI]: -95.3 to -150 W and -36.3 ± 31.9 W; p 

13 

14 = 0.008; CI -19.8 to -52.8 W, respectively), while the reduction in AR was significant at 15P 
15 
16 

only (p = 0.001). 

18 

19 Significant interactions between PR and AR were also detected for IBPF (F =3.499; p = 0.027; η2 
20 
21 = 0.156). A significant decrement in IBPF from BL was observed at 15P and 24P in PR (-205.8 
22 
23 

24 ± 117.5 N; p < 0.001; CI: -144 to -267 N and -86.9 ± 129.4 N; p = 0.042; CI: -19 to -155 N, 
25 
26 respectively), while in AR the decrease was significant at 15P only (-172.2 ± 73.7 N; p < 0.001; 
27 
28 

CI: -134 to -211 N). No significant trial differences were noted at any time point for IBPF (p > 

30 

31 0.05). 
32 

33 

34 

35 

36 [Place Figure 2 and Figure 3 here] 
37 

38 

39 Ultrasound Measurements 
40 

41 

42 Significant group x time interactions were found for PECMT (F = 8.371; p < 0.001; η2 = 0.285). 
43 
44 PECMT was significantly elevated from BL at 15P (+5.2 mm; p < 0.001), at 24P (+2.8 mm; p < 
45 
46 

47 0.001) and at 48P (+1.6 mm; p = 0.015) in PR. Significant changes from BL were detected at 
48 
49 15P only in AR (+4.2 mm; p < 0.001). No significant interactions between group and time were 
50 
51 

noted for TRMT (F= 1.036; p = 0.366; η2 = 0.047). 

53 

54 
Significant main effects were detected for TRMT (F = 5.634; p = 0.006; η2 = 0.212, ). Changes in 

56 

57 PECMT and TRMT can be observed in Figure 4 and Figure 5. 
58 

59 

60 [Place Figure 4 and Figure 5 here] 
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4 Muscle Soreness 
5 

6 
7 The results of the VAS for both PEC and TR in PR and AR can be observed in Table 1. 
8 
9 

No significant interactions between the trials were detected for both sorPEC and sorTR (F = 

11 
12 0.997; p = 0.350; η2 = 0.045 and F = 0.813; p = 0.471; η2 = 0.036, respectively). Significant time 
13 
14 

effects were observed for both sorPEC and sorTR (F = 39.881; p < 0.001; η2 = 0.655 and F = 

16 

17 59.153; p ≤ 0.001; η2 = 0.729, respectively). Both sorPEC and sor TR were significantly (p < 
18 
19 

0.05) elevated from BL at 15P, 24P and 48P. 
20 
21 

22 [Place Table 1 here] 
23 
24 

25 DISCUSSION 
26 

27 

28 The purpose of this study was to investigate the effects of light resistance exercise 
29 
30 protocols performed after a high volume resistance exercise session on performance and muscle 
31 
32 

morphology recovery. According to theoretical data, we hypothesized that AR would reduce the 

34 
35 time to fully recover. The present findings confirmed this hypothesis. 
36 

37 

38 The results of the present investigation showed that significant reductions in muscle 
39 

40 
strength and power performance occurred following a high-volume bench press exercise session 

42 

43 and were still significant 48-hr post the exercise session. In addition, significant changes in 
44 
45 

muscle architecture were detected 48-hr following the exercise session. This is consistent with 
46 
47 

48 other studies that detected muscle swelling still present 72 hrs following a high-volume exercise 
49 
50 protocol for lower body (8,14,17). In addition, the results showed that AR significantly enhanced 
51 

52 
the recovery rate following a high-volume resistance exercise session for upper-body. In 

54 
55 particular, power performance expressed at bench press (BTP) and maximal isometric force at 
56 

57 
bench press (IBPF), were restored within 24 hr post exercise in AR while these parameters were 

59 

60 still reduced at 24P in PR. 
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7 

12 

17 

29 

34 

46 

54 

4 Significant changes in muscle architecture from BL have been detected 15 min post the 
5 
6 

bench press damaging protocol. In AR however, the initial condition was restored within 24 hr 

8 
9 while in PR this parameter was still significantly altered at 48P. Changes in muscle architecture 
10 
11 

following damaging resistance exercise protocols are related to vasodilation (35), reactive 

13 

14 hyperemia and delayed onset of muscle swelling (10). Muscle swelling is also related to the 
15 
16 

inflammatory response following high-volume resistance exercise protocols (8,12). The 

18 

19 enhanced recovery of the initial muscle morphology after resistance protocols may indicate a 
20 
21 reduced inflammatory response using AR. AR indeed, may influence post-recovery 
22 
23 

24 inflammatory responses by inducing transitory increases in local skeletal muscle blood flow and 
25 
26 temperature (35). These transitory adaptations may represent a stimulus to muscle recovery 
27 
28 

following a damaging resistance exercise protocol. Influencing exercise-induced muscle 

30 

31 inflammation however, may also affect the adaptative processes (21) and influence the amount of 
32 

33 
adaptations to resistance exercises. Detrimental effects of regular cold water immersion on long 

35 

36 term adaptation to resistance training and muscle hypertrophy have been reported by Roberts et 
37 
38 

al. (29). Even high dosages of nonsteroidal anti-inflammatory drugs, however, have not been 
39 
40 

41 associated with reduced hypertrophic responses to resistance training in men (30). On the 
42 
43 contrary, nonsteroidal anti-inflammatory drugs showed significant detrimental effects on muscle 
44 

45 
adaptation to resistance exercise in rats (31). 

47 

48 

49 A positive effect of AR on time course of recovery of neuromuscular and biochemical 
50 
51 parameters following resistance training has been previously reported by Abaidia et al. (2). In 
52 

53 
this study however, an upper body resistance training session accelerated the recovery of slow 

55 
56 concentric force of leg muscles. Not consistently, another study (3), did not report any significant 
57 
58 

effect of AR on the recovery between soccer matches. AR may be more effective to enhance 
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7 

12 

20 

25 

37 

45 

50 

55 

4 recovery from a single resistance training session compared to a complex sport including many 
5 
6 

different neuromuscular and metabolic stimuli (4). In addition, to the best of our knowledge, the 

8 
9 present investigation is the first to include the same resistance exercise (bench press) in both 
10 
11 

damaging exercise session and recovery protocol. 

13 
14 

15 Enhanced recovery rates may increase the training frequency of the different muscle 
16 

17 groups within the mesocycle and consequently increase the total training volume.  Training 
18 

19 
volume has been proved to be a key factor for muscle adaptation to resistance training (11). No 

21 

22 significant positive effects of AR were detected on morphological changes of TR. In both AR 
23 

24 
and PR groups indeed, TRMT returned to BL within 24 hr from the exercise session. Muscle 

26 

27 architecture of TR showed a faster recovery rate compared to PEC. Muscle dimension and 
28 
29 muscle architecture may influence the recovery rate following heavy resistance exercise. 
30 
31 

32 Convergent big muscles like pectoralis major may be more susceptible to exercise-induced 
33 
34 muscle damage compared to pennate muscles like triceps brachii, characterized by shorter 
35 
36 

fascicle lenghts.(25, 26). Thus, the recovery of initial muscle architecture may be delayed in PEC 

38 
39 compared to TR. 
40 

41 
42 Significant correlations have been previously reported between drops in strength and 
43 

44 
power performances and changes in muscle architecture following a high volume resistance 

46 
47 exercise session. A different recovery pattern however, has been detected in PR for muscle 
48 

49 
morphology and performance. Consistently with our previous observations on lower body (8), 

51 

52 strength and power performances showed a faster rate of recovery compared to muscle 
53 
54 

morphology. Interestingly, the neuromuscular system was able to express high levels of strength 

56 

57 and power even when muscle morphology was still altered. 
58 
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7 

20 

27 

35 

38 

43 

4 Muscle soreness do not appear to be influenced by the recovery strategy adopted. In 
5 
6 

addition, as previously reported by other authors (24), muscle soreness was not related to the 

8 
9 decrease in muscle architecture and performance following a high-volume resistance session. 

10 

11 
12 In conclusion, results of the present investigation showed that AR reduced the time to 
13 
14 

15 recover from a high-volume bench press session compared to PR. Differences on the recovery 
16 

17 process between active and passive recovery strategies involve maximal isometric strength and 
18 

19 
muscle power as well as muscle morphology of pectoral muscles. The present study however, 

21 

22 investigated the effect of AR on the recovery phase following a single bout of resistance exercise. 
23 
24 The main limitation of the study is that the effects of AR included in long-term resistance training 
25 
26 

programs, were not investigated. Another limitation is the use of a single exercise in the resistance 

28 

29 training session. Resistance training programs indeed, are usually composed by several different 
30 
31 exercises. 
32 

33 

34 
Practical Applications 

36 

37 
Strength and conditioning coaches may include light resistance training sessions in periodized 

39 

40 strength training programs to enhance recovery between heavy workouts and to optimize 
41 

42 
neuromuscular adaptations. Very low intensity bench press protocols can be included in 

44 

45 subsequent exercise sessions focused on different muscle groups as AR strategy to accelerate the 
46 
47 recovery of PEC muscles following high-volume workouts. This strategy may be particularly 
48 
49 

50 indicated when several resistance training sessions are performed in a short training period as in 
51 
52 the accumulation phase of Block periodized strength training programs (18). 
53 

54 

55 

56 

57 
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Table 1: Changes in Muscle Soreness 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 sorPEC = soreness pectoral; sorTR = soreness triceps. ** indicates a significant (p ≤ 0.01) 
35 

36 
difference from BL. All data are reported as mean ± SD. 

38 

39 

40 

41 

42 

43 

44 

45 

46 

Assessment Trial BL 15P 24P 48P 

 
sorPEC 

(mm) 

 

AR 

 

0.0 ± 0.0 

 

49.2 ± 16.6** 

 

27.9 ± 26.6** 

 

16.7 ± 23.2** 

 

PR 

 

0.0 ± 0.0 

 

56.5 ± 23.1** 

 

21.7 ± 15.3** 

 

15.7 ± 20.2** 

 
sorTR 

 

(mm) 

 

AR 

 

0.0 ± 0.0 

 

54.4 ± 26.2** 

 

27.8 ± 24.1** 

 

15.5 ± 21.2** 

 

PR 

 

0.0 ± 0.0 

 

65.8 ± 21.2** 

 

39.6 ± 26.5** 

 

27.6 ± 29.4** 
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42 

52 

8 
Figure Legends 

10 

11 Figure 1. Experimental design of AR and PR protocols. BL= baseline; 15P = 15 min post; 24P = 
12 

13 24 hours post; 48P = 48 hours post. 
14 

15 

16 

17 
Figure 2. Changes in bench throw power (BTP) 15-min (15P), 24-hour (24P) and 48-hour (48P) 

19 post-exercise. AR = active recovery. PR = passive recovery. * indicates a significant (p ≤ 0.05) 
20 
21 difference from BL. ** indicates a significant (p < 0.01) difference from BL. All data are 
22 

23 reported as mean ± SD. 
24 

25 

26 

27 
Figure 3. Changes in isometric bench press force (IBPF) 15-min (15P), 24-hour (24P) and 48- 

29 
hour (48P) post the training session. AR = active recovery. PR = passive recovery. * indicates a 

31 significant (p ≤ 0.05) difference from BL. ** indicates a significant (p < 0.01) difference from 
32 
33 BL. All data are reported as mean ± SD. 
34 

35 

36 

37 

38 Figure 4. Changes in PECMT occurred 15-min (15P), 24-hour (24P) and 48-hour (48P) post the 

39 training session. * indicates a significant (p ≤ 0.05) difference from BL. ** indicates a significant 

41 
(p < 0.01) difference from BL. AR = active recovery. PR = passive recovery. All data are 

43 reported as mean ± SD. 
44 

45 

46 

47 

48 Figure 5. Changes in TRMT occurred 15-min (15P), 24-hour (24P) and 48-hour (48P) post the 
49 

50 training session. * indicates a significant (p ≤ 0.05) difference from BL. ** indicates a significant 

51 (p < 0.01) difference from BL. AR = active recovery. PR = passive recovery. All data are 

53 
reported as mean ± SD. 
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