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Abstract Wrestling combat causes the body to respond by increased heart rate (HR) and accumulation of blood 
lactates (La) to near maximum or maximum. The evidence to whether higher proficiency wrestlers perform better 
and recover faster due to more efficient cardio-metabolic system is scarce. This study aimed to investigate the 
difference in HR and La response during an initial five minutes of recovery after specific wrestling performance 
test (SWPT). The sample of male competitive wrestlers of different proficiency were allocated into three groups 
Level 1 (highest), Level 2, and Level 3 (lowest). Wrestlers performed SWPT and number throws (TnThrows) was 
recorded, while HR and La were collected during recovery. HR was measured at the end of the test and after 
five minutes into recovery and relative (%) change (∆HR5min) was recorded. La level was collected three (La3min) 
and five (La5min) minutes into recovery and used for the analyses. Relative La change (∆La3-5min) was calculated 
as difference between La3min and La5min. Multiple analysis of variance with the Bonferroni post-hoc (p<0.05) 
calculated the between-group difference. Level 1 wrestlers performed better (p<0.01) in TnThrows than Level 2 
and 3. Level 2 performed better (p<0.01) than Level 3. Level 1 wrestlers had larger (p<0.01) ∆HR5min than the 
Level 2 and Lever 3. In addition, small to moderate difference occurred in La3min and La5min, with Level 1 having 
lower values. Wrestlers of higher proficiency had advanced specific adaptation of cardio-metabolic system to 
perform better and recover faster than the wrestlers of lower proficiency. 

 

Key words: wrestling performance, sport physiology, sport biology, heart rate, blood lactate   

 

INTRODUCTION 

Wrestling combat characterizes the utilization of specific techniques with constant interplay between the 
tempo and rhythm of attacking and defensive actions invariable and unpredictable situational conditions 
[10,19]. These actions must be performed in maximal and submaximal intensity, which primarily depends on 
physical preparedness of wrestlers. The specificity of wrestling combat reflects in high energetic demands that 
are mostly provided from anaerobic-glycolytic pathways [11]. This dominant usage of the energy from 
anaerobic-glycolytic metabolism causes wrestler’s body to respond by increasing the heart rate (HR) and 
accumulating the level of blood lactates (La) to near maximum or maximum [9,13]. 
 According to Robergs et al. [21], increased La production coincides with cellular acidosis and 
remains a good indirect marker for cell metabolic conditions that induce metabolic acidosis. In addition, La 
concentration has been used as an indicator of physiological response aimed at providing insight into 
glycolytic metabolic recruitment and speed of recovery [2,5]. These data could further be used to estimate 
muscle stamina and/or fatigue and general preparedness of athletes [1,12,19,26]. Therefore, La response to 
wrestling performance during combat as well as recovery, could be used to monitor wrestlers’ progress and 
the level of preparedness [16,17]. On the other hand, the heart rate (HR) response reflects the 
cardiovascular function during the activity and recovery and it is often presented in absolute values obtained 
through heart rate monitor [3,4,26]. Although absolute HR has been associated with maximal oxygen 
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consumption and training load [3,15], it could be misleading in evaluation of changes in cardiovascular 
response during activity (i.e., increase in HR) and recovery (i.e., reduction of HR) of athletes [22,24]. 
 Considering the difficulty to perform testing in wrestling-specific combat conditions, the wrestler's 
metabolic response has been commonly observed in experimental controlled fights and specific tests 
[16,17]. However, there is a lack of studies on physiological responses (i.e., La increase or decrease) to 
specific wrestling activity, especially during recovery. Therefore, the aim of this study was to investigate the 
blood La and cardiac output characteristics of competitive wrestlers of different proficiency level during the 
recovery. It was hypothesized that wrestlers of higher proficiency have better metabolic and cardiac 
responses (i.e., faster recovery) for the higher level of performance. 

 
 

METHODS AND MATERIALS 

SUBJECTS 
The sample consists of 57 male wrestling competitors who were allocated into three groups relative to 
wrestling proficiency: Level 1 (i.e., national team members, N = 15), Level 2 (i.e., compete nationally and 
regionally, N = 20), and Level 3 (i.e., compete only nationally and rank lower than Level 2 competitors, N = 
22). The main characteristics were: Level 1 – age = 20.5 years, body height (BH) = 170.1 cm, body mass 
(BM) = 69.3 kg, and body mass index (BMI) = 23.89 kg/m2; Level 2 – age = 22.4 years, BH = 173.4cm, BM 
= 78.9 kg, and BMI = 26.17 kg/m2; Level 3 - age = 21.4 years, BH = 179.9 cm, BM = 87.1 kg and BMI = 
29.96 kg/m2. None of the participants was younger than 18 years of age. The mean competitive experience 
for Level 1, Level 2 and Level 3 was 11.1, 9.9, and 6.1 years, respectively. The mean weekly number of 
trainings of Level 1, Level 2 and Level 3 was 7.3, 7.2 and 6.6, respectively. All examinees and their trainers 
were familiar with the testing conditions. They voluntarily participated in the research and signed the written 
consent. The research was carried out in accordance with the conditions of the declaration of Helsinki, 
recommendations guiding physicians in biomedical research involving human subjects [25], and with the 
ethical approval number 484-2 of the ethical board of the faculty. 
 

SPECIFIC WRESTLING PERFORMANCE TEST (SWPT) 

Participants performed a general 10-minute warm-up consisting of variations of running on a wrestling mat, 
strength and mobility exercises. This was followed by an additional five minutes of specific warm-up of 
throwing a partner or a wrestling dummy. The SWPT was conducted according to previously reported 
procedure which was shown to be reliable (ICC = 0.721 - 0.953) [16] and sensitive (p < 0.001) [17]. The 
SWPT closely reflects the duration and intensity of the wrestling fight [18]. It consisted of two 3-minute 
rounds divided by 30-second rest, aiming at mimicking the time of one round in a wrestling fight. During the 
first round, participants performed as many suplex dummy throws as possible within the following time-
repetition structure: the first 30 seconds participants performed single dummy throw each 10 seconds; the 
following 20 seconds participants performed maximal number of throws; and for the 10 seconds they were 
resting passively. The same sequence was repeated three times, except for the third time where instead of 
having 20 seconds of maximal number of throws and 10 seconds of passive rest, the participants performed 
maximal number of throws in 30 seconds. The second 3-minut round was identical to the first one. The total 
number of completed throws at the end of the second round was recorded for the analysis. All participants 
performed with the dummy adjusted to their body weight category, thus comprising similar relative load. The 
participants whose BM was below 74.9 kg were throwing a 22-kg dummy; participants who were 75.00 - 
89.9 kg were throwing a 27-kg dummy; and participants over 90.00 kg were throwing a 32-kg dummy. 
 

METABOLIC AND CARDIAC RESPONSE 

The lactate concentration was analyzed using a portable new generation lactate analyzer (Lactate Plus-NOVA 
biomedical, USA), using a lactate biosensor based on lactate oxidization (Lactate Methodology – Lactate 
oxidase biosensor) [8,14]. The samples were collected from the capillary blood, each time from a different 
finger by an experienced researcher [6,16]. For the invasive part of collecting a blood sample, a single-use 
lancet Unistik 3 Comfort (Owen Mumford Ltd. UK) was used. The HR was recorded as a functional measure of 
the cardiovascular system caused by an applied load. For this purpose, a H7 Polar Heart Rate Sensor (Polar, 
Inc., Lake Success, NY, USA) was used. It was placed around the participant’s chest before the test.  
 Considering the specificity and complexity of the techniques used in aforementioned tests, the same 
tester was controlling the correctness of actions of each participant during the tests in order to avoid the 
interrater differences. The second tester was controlling the timing and giving the instructions regarding the 
active and passive phases throughout the tests. The third tester was making sure to collect the HR of each 
participant at the correct timings. The testers verbally supported participants during the test in order to 
maximize their motivation and extract the maximum effort. 
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VARIABLES 

The main performance measure was the total number of throws (TnThrows) from the start to the end of the 
test, which represented specific preparedness. The HR and La level were used as indicators of the 
achieved load of cardiovascular system and achieved metabolic acidosis. The HR was recorded at the end 
of the test (HR0min) expressed in beats per minute (bpm) and five minutes after, and was expressed as a 
relative (%) change in HR during the five minutes of recovery (ΔHR5min). The La concentration was collected 
in the third (La3min) and the fifth (La5min) minute of recovery an indicator of post-effort metabolic acidosis, 
expressed in mmol/L. Moreover, the relative difference in La concentration from third to fifth minute of 
recovery (∆La3-5min) was used to indicate the relative change in La concentration during recovery. 
 

STATISTICAL ANALYSIS 

All analyses were carried out using the statistical package for social sciences (IBM, SPSS 20.0). Mean and 
standard deviation (SD) were calculated for each outcome measure. Kolmogorov-Smirnov test was used to 
evaluate the normality of data dispersion. Between-group differences were determined using multiple 
analysis of variance (MANOVA), while the Bonferroni post-hoc was used to calculate the difference between 
individual groups. The significance level was set to p < 0.05. Cohen’s effect sizes (d) were calculated as the 
ratio of difference in mean scores to standard deviation. Following formula was used: d = (M2-M1)/SD, 
whereas M1 and M2 were the means of the groups investigated and the SD was a pooled standard 
deviation of compared groups. The magnitude of the effects was defined as follows: small = 0.20-0.59, 
moderate = 0.60-1.19, large = 1.20-1.99 and very large ≥ 2.0 [23]. 
 

RESULTS  
The mean and SD for all outcome measures relative to wrestling proficiency are provided in Table 1. Among 
Level 1 wrestlers, La level increased during recovery in six (40%) and decreased in nine (60%) of 
participants. In Level 2 wrestlers, La increased in three (15%) and decreased in seventeen (85%) of 
wrestlers. In Level 3 wrestlers, La increased in seven (32%) and decreased in fifteen (68%) of wrestlers. 
The K-S test confirmed the normality of data distribution of each variable in each group (p = 0.289 – 0.998). 
Considering the results relative to wrestling proficiency, significant differences occurred in TnThrows (F = 
76.44, p < 0.001, ƞ2 = 0.038), and ∆HR5min (F = 5.540, p = 0.006, ƞ2 = 0.170), while La3min, La5min, ∆La3-5min, 
and HR0min did not differ between the groups. 

 
Table 1. The descriptive statistics relative to proficiency level 
 

Variables  Group Mean SD Minimum Maximum 

TnThrows (No)** 

Level 1 47.47 3.36 41.0 53.0 

Level 2 40.60 4.22 31.0 46.0 

Level 3 30.91 4.41 24.0 41.0 

La3min (mmol/l) 

Level 1 12.17 2.09 9.0 17.0 

Level 2 13.31 2.16 10.0 17.5 

Level 3 12.91 2.53 8.4 17.1 

La5min(mmol/l) 

Level 1 11.76 2.07 7.0 14.0 

Level 2 12.69 2.51 9.6 17.4 

Level 3 12.40 2.40 7.4 16.0 

∆La3-5min (%) 

Level 1 -2.87 12.62 -23.5 27.3 

Level 2 -4.93 8.07 -23.8 9.1 

Level 3 -3.65 8.02 -14.6 15.4 

HR0min (bpm) 

Level 1 186.73 11.62 174.0 211.0 

Level 2 185.45 6.64 168.0 195.0 

Level 3 186.00 7.20 174.0 196.0 

∆HR5min (%)* 

Level 1 42.17 4.07 36.3 49.0 

Level 2 38.02 4.14 29.0 43.8 

Level 3 38.08 4.12 30.4 44.1 

*Significant at p < 0.05, ** Significant at p < 0.001. TnThrows - total number of throws including both 
rounds, La3min - lactate level after three minutes of rest, La5min - Lactate level after 5 minutes of rest, 
∆La3-5min - relative change in La level obtained in third and fifth minute of recovery, HR0min - heart 

rate at the end of the test, ∆HR5min – relative change in heart rate, after five minutes of rest. Level 1 - 
National team, Level 2 - First league competitors, Level 3 - Second league competitors. 
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The pairwise analysis showed that the Level 1 wrestlers were significantly better in TnThrows than the Level 2 
and Level 3, and that Level 2 performed better than Level 3 (Table 2). In addition, Level 1 wrestlers had 
larger ∆HR5min than those of Level 2 and Level 3. Considering the effect size, differences were larger in 
performance than in HR measures, which could be observed in relative differences as well (Figure 1). 
 
 
Table 2. The differences between the groups relative to wrestling proficiency 
  

Variable 
Between-group 

comparison 
Mean 

Difference 

95% Confidence 
interval t p 

Cohen's 
d 

Lower Upper 

TnThrows Level 1 Level 2 6.87 3.50 10.24 4.91 < 0.001 1.77 

Level 3 16.56 13.26 19.86 12.08 < 0.001 4.12 

Level 2 Level 3 9.69 6.64 12.74 7.67 < 0.001 2.24 

∆HR5min Level 1 Level 2 4.15 0.77 7.54 2.96 0.014 1.01 

Level 3 4.09 0.77 7.40 2.97 0.013 1.00 

Level 2 Level 3 -0.07 -3.13 2.99 -0.05 1.000 -0.02 

 

 
Figure 1. Pairwise comparison between the wrestlers of different proficiency. TnThrows – total number of throws, ∆HR5min – 
relative change in heart rate after five minutes of rest. Level 1 – national team, Level 2 – first league competitors, Level 3 

– second league competitors. * Significant at level p < 0.05, *** Significant at level p < 0.001. 
 
 

DISCUSSION  
This study aimed to investigate the blood La and cardiac output characteristics of competitive wrestlers of 
different proficiency level during the initial recovery after SWPT. The main findings showed that the 
wrestling proficiency defines how many throws a wrestler can perform for the duration of SWPT. National 
team wrestlers performed higher in TnThrows, followed by a faster HR recovery within the first five minutes, 
while there was no difference in La removal rate. Therefore, for the higher performance level, national team 
wrestlers have higher rate of HR recovery and similar La level compared to wrestlers of lower proficiency 
level. Accordingly, the hypothesis of this research was true. Although La levels did not differ between 
proficiency levels, wrestlers of higher proficiency performed higher at similar La level, indicating better 
specific training adaptation. 
 Specific adaptations to training were further supporter by the consistency of differences between the 
wrestlers of varying proficiency level as even wrestlers Level 2 performed higher than Level 3, despite 
having similar cardiac and metabolic response. This was also confirmed by Markovic et al. [16] who found 
significant differences in SWPT performance between two levels of wrestling proficiency [17]. Furthermore, 
Karničić et al. [12] investigated La accumulation during wrestling match in national team competitors and 
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club-level wrestlers, whereby the matches were held between the competitors of the same level. They found 
that more proficient wrestlers had significantly lower La levels after the first and second bout, indicating that 
for the higher effort they had lower metabolic response, which was different to the results obtained in current 
study. It is of note that in each proficiency level blood La of some wrestlers during an initial phase of 
recovery was reducing, while in others was increasing. This suggests that metabolic type of athlete [20] 
does not affect the wrestling-specific performance among wrestlers of same proficiency level. 
 The anaerobic-glycolic activity leads to high production of blood La, which is why the power of 
aerobic metabolism (i.e., cardiovascular function) is of high importance for wrestlers during recovery in order 
to accelerate the removal of La from the blood. Therefore, the training specificity corresponds to the 
requirements of the match, which leads to specific adaptations that occur on the level of muscle fibers, 
cardiac output and metabolic profile [7]. Considering this, it could be stated that wrestlers of higher 
proficiency had advanced adaptation of cardio-metabolic system to perform better and recover faster than 
the wrestlers of lower proficiency. Moreover, these differences may reflect disparities in player conditioning 
and skill level between competitive levels. 
 A few limitations should be pointed out before the final conclusion. The sample of participants in La 
related groups was relatively small, which could be the reason why at some places significant differences 
did not occur, even though the effect size was present. The La levels were collected only at two time points 
during recovery. This could be expanded to more time points of La samples during the effort, before and 
after 5th minute of recovery to establish the trend of La during recovery more precisely. The study could be 
repeated on all weight categories and some younger-age categories such as cadets and juniors, as well as 
on females. 
 

CONCLUSIONS  
The results of this study suggest that wrestlers of higher proficiency level perform better, for which they 
have the support from cardiac and metabolic profile obtained by specific training. In that regard, coaches 
should be choosing exercises, intensities, loads, and training tools, that support specific adaptation of 
biological systems that are responsible for the efficacy of performance and/or recovery of wrestler. The 
SWPT seems to be a valid tool for the evaluation of performance and belonging cardio-metabolic responses 
provides a valuable insight into wrestler’s current status. Given that it provides the information about 
performance, cardiac and metabolic responses, coaches could evaluate their training programs with good 
precision. Because the SWPT revealed significant differences in TnThrows and ΔHR5min, the test could be 
conducted even without collecting the La if the time and resources (i.e., trained specialist and equipment) do 
not allow it. However, La should be included in analysis when comprehensive evaluation of metabolic type 
of wrestlers is needed.  
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