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Abstract

Hypertension is a leading preventable cause of morbidity and mortality worldwide. Exercise is a widely recom-
mended treatment strategy that has been shown to cause both acute and chronic reductions in blood pressure. 
This study aimed to explore the potential therapeutic effects of Brazilian jiu-jitsu training by assessing blood 
pressure responses during and after technical sparring. Seven Brazilian jiu-jitsu practitioners (age: 24.0±3.5 years; 
height: 1.75±0.02 m; body mass: 76.0±4.2 kg; BMI: 24.5±0.9) were included in the study. The participants per-
formed three five-minute technical sparring rounds. Auscultatory measurements of blood pressure were ob-
tained at rest, one minute post-sparring, and every ten minutes for a total of 60 minutes of recovery time. Between 
rounds, acute increases in both systolic blood pressure (p<0.0001) and diastolic blood pressure (p<0.0001) were 
observed. In the subsequent recovery period, both systolic blood pressure and diastolic blood pressure increased 
at the ten-minute mark compared to baseline values, but then started to gradually decline, with systolic blood 
pressure dropping 10.0±4.1 (p<0.0001) and diastolic blood pressure 5.0±4.1 mmHg (p=0.001) after one hour of 
recovery. These findings indicate that technical Brazilian jiu-jitsu sparring induces significant post-exercise de-
creases in blood pressure and thus may have value as a non-pharmacological treatment strategy for the preven-
tion and management of hypertension.
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Introduction
Chronically high blood pressure (BP), or hypertension 

(HTN), is a leading preventable cause of morbidity and mortal-
ity worldwide. Most cases are primary, with no identifiable un-
derlying cause, making treatment challenging. Approximately 
20–24% of the world population have high BP, with over 500 
million new cases since 1975 (Zhou et al., 2017). Since ear-
ly-stage HTN rarely causes symptoms, many hypertensives go 
undiagnosed, which contributes to the burden of the disease. 
The level of arterial pressure at which HTN is diagnosed dif-
fers between guidelines; some consider a systolic BP (SBP) of 
130 mmHg as high normal (Williams et al., 2018) while others 
classify it as stage 1 HTN (Whelton et al., 2017). However, a 
negative impact on cardiovascular and renal function can be 

observed at an SBP as low as 110 mmHg (Forouzanfar et al., 
2017).

The management of HTN may include both antihyperten-
sive drugs and non-pharmacological interventions, such as 
changes in diet and activity levels. Indeed, physical exercise 
is a widely recommended prevention and treatment strat-
egy in HTN (Pescatello et al., 2004). The antihypertensive 
effects of physical activity appear to in part be mediated by 
an acute BP reduction of ~5–7 mmHg in hypertensives fol-
lowing exercise, known as post-exercise hypotension (PEH) 
(Pescatello, MacDonald, Lamberti, & Johnson, 2015). Blood 
pressure responses have previously been investigated in both 
aerobic exercise and resistance training (Domingos & Polito, 
2018; Hecksteden, Grutters, & Meyer, 2013; Keese, Farinatti, 
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Pescatello, & Monteiro, 2011; Ruiz et al., 2011), with either 
modality seemingly inducing PEH, particularly in unmed-
icated individuals who use exercise as a preventive strategy 
(Carpio-Rivera, Moncada-Jimenez, Salazar-Rojas, & Solera-
Herrera, 2016). 

Brazilian jiu-jitsu (BJJ) is a grappling-based combat sport 
with a growing number of recreational and professional prac-
titioners. The effort pattern of BJJ is characterized by aerobic 
work at lower intensities interspersed with short bursts of 
high intensity (Andreato, Follmer, Celidonio, & Honorato, 
2016). Despite several investigations of athlete characteristics 
(Andreato, Lara, Andrade, & Branco, 2017; Øvretveit, 2018b) 
and effort patterns in BJJ (Andreato et al., 2016; Øvretveit, 
2018a), data on the health benefits, included the BP responses, 
of BJJ practise is scarce. Prado and Lopes (2009) found acute 
increases in BP following 20 minutes of BJJ sparring. During 
the subsequent 90-minute recovery time, both SBP and dia-
stolic BP (DBP) fell steadily until the 75-minute mark, when 
an elevation below pre-exercise values was observed. Borges 
et al. (2012) observed the acute physiological responses to 
single five-minute sparring rounds, with BP measures at rest 
(pre-sparring), one, five, and fifteen minutes post-sparring in 
a training session. A BP increase was observed one minute 
post-sparring, following a reduction below pre-sparring lev-
els, indicating BJJ-induced PEH. Similarly, Simão et al. (2007) 
reported BP reductions following a 60-minute judo session, 
although these findings did not reach statistical significance. 

Brazilian jiu-jitsu training typically includes a warm-up 
followed by technical drilling and sparring (Øvretveit, 2018a). 
These training components may exert different effects on BP; 
while warm-ups and technical training may be associated 
with the PEH typically observed following aerobic exercise, 
competitive sparring might increase BP due to factors such 
as increased tension and anxiety (Piskorska et al., 2016) and 
emotional stress (Munakata, 2018). Notably, previous research 
on BP responses in grappling does not distinguish between 
technical (light) sparring or competitive (hard) sparring. As 
opposed to technical sparring, competitive sparring may in-
crease injury risk and hence be less suitable for regular prac-

tice. Accordingly, studies assessing the health benefits of low-
risk technical sparring can be used to inform training strate-
gies and health goals in the general BJJ population. To the best 
of our knowledge, no study to date has explored BP responses 
in BJJ training. 

Thus, this study aimed to investigate training-induced BP 
in BJJ practitioners and assess the potential therapeutic effects 
of the sport. We hypothesized that BP would increase acute-
ly after each round compared to resting values, followed by a 
significant and gradual decrease during the recovery period.

Methods
Participants

The study sample comprised seven male BJJ practitioners 
(age: 24.0±3.5 years; height: 1.75±0.02 m; body mass: 76.0±4.2 
kg; BMI: 24.5 0.9) from the Federal Brazilian Jiu-jitsu School 
(Team Minerva) at the Federal University of Rio de Janeiro 
(UFRJ) holding the rank of blue (n=6) and purple belt (n=1), 
with 5.0±1.3 years of BJJ training experience. To limit the skill 
discrepancy between the participants, white, brown, and black 
belts were ineligible for participation. The study protocol was 
reviewed and accepted as a graduation project at UFJR. All 
participants were informed of the risks and benefits associated 
with the investigation and gave their written informed consent 
prior to participation.

Experimental design
Data were collected on two non-consecutive days (Figure 

1). On the first day, height and body mass were obtained with 
a balance weighing scale with a stadiometer (Filizola, São 
Paulo, Brazil) in a sport science laboratory. The participants 
subsequently underwent a protocol familiarization session at 
martial arts gymnasium’s dojo (UFRJ) followed by a recovery 
period of 48 to 72 hours before the main data collection. In the 
24-hour period leading up to the sparring session, participants 
were asked to abstain from exercise, caffeine, chocolate, green 
tea, sugary soda, alcohol as well as thermogenic supplements 
and other stimulating substances such as amphetamines, the-
ophylline, theobromine, and their derivatives.

FIGURE 1. Experimental design

All BP measurements were obtained by trained personnel 
using a stethoscope (Duplex, Rudolf Riester GmbH, Jungingen, 
Germany) and sphygmomanometer (Premium, Wenzhou 

Kangju Medical Instrument Co., Ltd, Wenzhou, China). On 
the sparring day, baseline resting BP was measured in the seat-
ed position after ten minutes of rest. Subsequently, all partic-
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ipants completed three five-minute technical sparring rounds 
separated by five-minute breaks. The rounds were characterized 
by gentle movements without excessive use of muscular force, 
allowing a greater variety of attack and defence techniques 
without competitive purpose. When a submission position was 
achieved, a defence technique was allowed, and the combat con-
tinued until the end of time. Following the end of the last spar-
ring round, the participants remained seated in a chair for 60 
minutes, avoiding movement and talking. Blood pressure was 
measured one minute after each round and every ten minutes 
during the recovery period (Simão et al., 2007). Additionally, 
participants gave their rating of perceived exertion (RPE) on 
Borg’s category-ratio scale (Borg, 1982) after each round.

Statistical analysis
Statistical analyses were performed using SPSS version 

20 (Chicago, IL, USA). Figures were made using GraphPad 
Prism version 6 (San Diego, CA, USA). The Shapiro-Wilk test 
was used to test data normality. Differences in BP responses 

were assessed with repeated measures ANOVA followed by 
the Holm-Sidak post hoc test. Sphericity was assessed with 
Mauchly’s test, with the Greenhouse Geisser test being used 
when necessary. To obtain the effect size, Eta2

partial (n2) was 
used, calculated as n2 = SSbetween / SSbetween + SSresidual. A 95% confi-
dence limit was established. Data are presented as mean±stan-
dard deviation (SD). An alpha level of p≤0.05 was considered 
statistically significant for all comparisons.

Results
All participants successfully completed the designated 

sparring rounds. No adverse events occurred during any of 
the measurement procedures. Between sparring rounds, acute 
increases in both SBP (F1.556, 9.336 = 102.6; n2 = 0.972; p<0.0001) 
and DBP (F2.683, 16.10 = 30.04; n2 = 0.913; p<0.0001) were ob-
served (Figure 2). This was accompanied by a gradual, albeit 
non-significant increase in RPE from 5.0±0.8 after round 1, 
to 6.0±1.4 after round 2, and peaking at 7.0±1.0 after round 3 
(F1.370, 8.218 = 3.205; n2 = 0.590; p=0.1037).

FIGURE 2. Blood pressure responses during sparring. Data presented as mean±SD. *Significant increase compare to baseline (p<0.05)

In the subsequent post-training recovery period, both 
SBP and DBP increased at the ten-minute mark compared to 
baseline resting values, but then started to gradually decline 

(Figure 3), with SBP dropping 10.0±4.1 (F1.813, 10.88 = 39.16; n2 = 
0.931; p<0.0001) and DBP 5.0±4.1 mmHg (F1.790, 10.74 = 20.32; ; 
n2 = 0.879; p=0.001) after one hour of seated recovery.

FIGURE 3. Blood pressure responses after sparring. Data presented as mean±SD. #Significant increase compare to baseline (p<0.05); *significant 
decrease compare to baseline (p<0.05)



42� Sport Mont 19 (2021) 1

POST-EXERCISE HYPOTENSION IN BRAZILIAN JIU-JITSU | W. R. BELO ET AL.

Discussion
The increasing global prevalence and burden of HTN, and 

the well-established efficacy of physical exercise as an antihyper-
tensive treatment strategy, warrants the investigation of various 
exercise modalities and their effects on BP. Thus, the present 
study sought to measure BP responses to controlled combat 
sports training in young, healthy adults. As hypothesized, our 
main finding was that both SBP and DBP decreased significantly 
following technical sparring, demonstrating a distinct PEH ef-
fect, which is in accordance with previous observations (Borges 
et al., 2012; Prado & Lopes, 2009; Simão et al., 2007) and indi-
cates the efficacy of BJJ in the prevention and treatment of HTN. 

Contrasting the observed increase ten minutes into recov-
ery were the findings of Borges et al. (2012), who reported a re-
duction in SBP as early as five minutes after sparring. However, 
this may be due to differences in training volume, as the mea-
surements were obtained after a single round of sparring, 
whereas we assessed recovery after three consecutive rounds. 
Furthermore, our findings on acute post-sparring (i.e., after one 
minute) increases in SBP are in agreement with previous obser-
vations (Borges et al., 2012; Prado & Lopes, 2009). The increas-
ing RPE indicates cumulative fatigue as a result of consecutive 
bouts of sparring. Cumulative RPE in BJJ appears to be related 
to between-round recovery time, with short breaks leading to 
a progressive increase in perceived fatigue (Øvretveit, 2018a) 
while longer breaks result in similar RPE after consecutive 
bouts (Andreato et al., 2015). Accordingly, breaks during train-
ing can be adapted to the general training goals, e.g., extended 
to support recovery or narrowed to induce perceived fatigue. 
Although being considered as an appropriate method for train-
ing load quantification in combat sports, the subjective nature 
of the RPE measurement makes it susceptible to several factors 
such as the competitive level, external stimuli, training modal-
ities, and intensity of the session (Slimani, Davis, Franchini, 
& Moalla, 2017). Thus, comparisons of studies and individual 
practitioners should be made with caution.

The magnitude of PEH after single bouts of exercise may 
be indicative of the long-term BP response to chronic exercise 
(Hecksteden et al., 2013). Accordingly, individual PEH may 
be used as an indicator of the degree of exercise-induced BP-
reductions that can be expected over a given training period 
(Liu, Goodman, Nolan, Lacombe, & Thomas, 2012). Moreover, 
PEH likely plays an important role in the overall BP reductions 
caused by exercise training, highlighting the importance of reg-
ular physical activity (Pescatello et al., 2015). As demonstrated 
by the present study, light BJJ sparring elicits significant PEH 
effects and can, due to its relatively low physiological load, be 
performed with a high frequency without leading to overtrain-
ing and/or injury. However, exercise intensity has also been 
shown to be an important mediator of BP reductions (Boutcher 
& Boutcher, 2017) and exercise recommendations for the pre-
vention and treatment of HTN must strike a balance between 
intensity, frequency, and volume of training. Although no study 

to date has compared the effects of light and hard sparring on 
PEH, BJJ practitioners have been shown to reach and maintain 
a relative heart rate (HR) of 85% during sparring at unrestricted 
intensities (Øvretveit, 2018a), which suggests that sparring can 
reach very high intensities, which has implications for exercise 
tolerance and subsequent adaptations. Thus, it might be appro-
priate to apply intensity restrictions to sparring sessions based 
on the goal of the practitioners. Importantly, while high-intensi-
ty sparring is often used for athletic conditioning, athletes who 
seek improvements in aerobic endurance should include alter-
native high-intensity conditioning approaches in their training 
plan (Øvretveit, 2019).

Although it is the type and degree of physiological stimulus 
rather than the specific exercise modality that generally should 
inform the balance of intensity, frequency and volume, BJJ prac-
titioners must consider the inherent injury risk of the sport when 
they plan their training. Our findings suggest that low-intensity 
training is conducive to PEH and consequently can be appro-
priate for practitioners seeking BP reductions. Conversely, more 
competition-oriented practitioners may opt for a higher training 
intensity to more closely emulate the conditions of competition. 
While the injury rate in BJJ competition is reportedly lower than 
for other combat sports, such as taekwondo, judo, wrestling and 
mixed martial arts (Scoggin et al., 2014), injuries during BJJ 
training are very common (Petrisor et al., 2019). Furthermore, 
BJJ training intensity is thought to increase the risk of injury 
(Spano, Risucci, Etienne, & Petersen, 2019). Thus, inappropri-
ate programming of high-intensity BJJ training may negatively 
affect both short- and long-term training adaptations and ulti-
mately adherence to the sport. As the perceived risks and ben-
efits of BJJ training may vary between practitioners, individual 
goals should govern the training plan. Considering that BJJ does 
not require athletic trainers or medical professionals to monitor 
practice sessions, the education of coaches and practitioners is 
important to minimize injury risk (Spano et al., 2019). 

Exploring the underlying mechanisms of BP responses 
during and after exercise training is beyond the scope of this 
study, and the exact causes of the observed PEH remain to 
be determined. Indeed, the effects of exercise on the complex 
pathophysiology of HTN may be more appropriately explored 
in a different context. The study was limited by the small sample 
size and lack of objective intensity measurements during spar-
ring, such as HR. To further elucidate the role of intensity in 
BJJ-mediated BP reductions, larger studies comparing different 
training intensities is needed.

In summary, technical BJJ sparring appears to lead to signif-
icant PEH, indicating its potential as a non-pharmacological ap-
proach to treat and prevent HTN. Although hard sparring can be 
appropriate for active competitors in preparation for competition, 
it might negatively impact BP through increased psychological 
stress, as well as increase the risk of injury. The relative safety and 
apparent effect of technical sparring on BP make it a compelling 
training approach for improvements in cardiovascular health.

Acknowledgements
This research was supported by Coordination for the Improvement of 

Higher Education Personnel (CAPES). The authors would like to thank 
the Federal Brazilian Jiu-jitsu School (Team Minerva) from the Federal 
University of Rio de Janeiro (UFRJ) for their participation in the study.

Conflict of Interest
The authors declare the absence of conflict of interest.

Received: 06 April 2020 | Accepted: 11 June 2020 | Published: 01 February 
2021

References
Andreato, L. V., Follmer, B., Celidonio, C., & Honorato, A. (2016). Brazil-

ian jiu-jitsu combat among different categories: time-motion and 
physiology. A systematic review. Strength Cond J, 38, 1. doi:10.1519/
SSC.0000000000000256

Andreato, L. V., Julio, U. F., Goncalves Panissa, V. L., Del Conti Esteves, J. V., 
Hardt, F., Franzoi de Moraes, S. M., . . . Franchini, E. (2015). Brazilian jiu-jit-
su simulated competition part II: physical performance, time-motion, 
technical-tactical analyses, and perceptual responses. J Strength Cond 
Res, 29(7), 2015-2025. doi:10.1519/jsc.0000000000000819

Andreato, L. V., Lara, F. J. D., Andrade, A., & Branco, B. H. M. (2017). Physical 



POST-EXERCISE HYPOTENSION IN BRAZILIAN JIU-JITSU | W. R. BELO ET AL.

Sport Mont 19 (2021) 1� 43

and physiological profiles of Brazilian jiu-jitsu athletes: a systematic re-
view. Sports Med Open, 3(1), 9. doi:10.1186/s40798-016-0069-5

Borg, G. A. (1982). Psychophysical bases of perceived exertion. Med Sci Sports 
Exerc, 14(5), 377-381. 

Borges, C. C., De Oliveira, R. A., Silva, R. F. S., & Perfeito, P. J. C. (2012). Re-
spostas fisiológicas agudas na prática do jiu-jitsu e correlação com a 
capacidade aeróbia. Fiep Bulletin, 82. 

Boutcher, Y. N., & Boutcher, S. H. (2017). Exercise intensity and hypertension: 
what’s new? J Hum Hypertens, 31(3), 157-164. doi:10.1038/jhh.2016.62

Carpio-Rivera, E., Moncada-Jimenez, J., Salazar-Rojas, W., & Solera-Herrera, A. 
(2016). Acute effects of exercise on blood pressure: a meta-analytic in-
vestigation. Arq Bras Cardiol, 106(5), 422-433. doi:10.5935/abc.20160064

Domingos, E., & Polito, M. D. (2018). Blood pressure response between re-
sistance exercise with and without blood flow restriction: A system-
atic review and meta-analysis. Life Sci, 209, 122-131. doi:10.1016/j.
lfs.2018.08.006

Forouzanfar, M. H., Liu, P., Roth, G. A., Ng, M., Biryukov, S., Marczak, L., . . . 
Murray, C. J. (2017). Global burden of hypertension and systolic blood 
pressure of at least 110 to 115 mm Hg, 1990-2015. Jama, 317(2), 165-
182. doi:10.1001/jama.2016.19043

Hecksteden, A., Grutters, T., & Meyer, T. (2013). Association between postex-
ercise hypotension and long-term training-induced blood pressure 
reduction: a pilot study. Clin J Sport Med, 23(1), 58-63. doi:10.1097/
JSM.0b013e31825b6974

Keese, F., Farinatti, P., Pescatello, L., & Monteiro, W. (2011). A comparison of 
the immediate effects of resistance, aerobic, and concurrent exercise 
on postexercise hypotension. J Strength Cond Res, 25(5), 1429-1436. 
doi:10.1519/JSC.0b013e3181d6d968

Liu, S., Goodman, J., Nolan, R., Lacombe, S., & Thomas, S. G. (2012). Blood 
pressure responses to acute and chronic exercise are related in pre-
hypertension. Med Sci Sports Exerc, 44(9), 1644-1652. doi:10.1249/
MSS.0b013e31825408fb

Munakata, M. (2018). Clinical significance of stress-related increase in blood 
pressure: current evidence in office and out-of-office settings. Hyper-
tens Res, 41(8), 553-569. doi:10.1038/s41440-018-0053-1

Pescatello, L. S., Franklin, B. A., Fagard, R., Farquhar, W. B., Kelley, G. A., & Ray, 
C. A. (2004). American College of Sports Medicine position stand. Exer-
cise and hypertension. Med Sci Sports Exerc, 36, 533-553. doi:10.1249/01.
MSS.0000115224.88514.3A

Pescatello, L. S., MacDonald, H. V., Lamberti, L., & Johnson, B. T. (2015). Ex-
ercise for hypertension: a prescription update integrating existing rec-
ommendations with emerging research. Curr Hypertens Rep, 17(11), 87. 
doi:10.1007/s11906-015-0600-y

Petrisor, B. A., Del Fabbro, G., Madden, K., Khan, M., Joslin, J., & Bhandari, M. 
(2019). Injury in Brazilian jiu-jitsu training. Sports Health, 11(5), 432-439. 
doi:10.1177/1941738119849112

Piskorska, E., Mieszkowski, J., Kochanowicz, A., Wędrowska, E., Niespodzińs-
ki, B., & Borkowska, A. (2016). Mental skills in combat sports - review of 

methods anxiety evaluation. Archives of Budo, 12. 
Prado, É. J., & Lopes, M. C. d. A. (2009). Resposta aguda da frequência cardía-

ca e da pressão arterial em esportes de luta (jiu-jítsu). Revista Brasileira 
de Ciências da Saúde, 7(22), 63-67. doi:10.13037/rbcs.vol7n22.523

Ruiz, R. J., Simao, R., Saccomani, M. G., Casonatto, J., Alexander, J. L., Rhea, 
M., & Polito, M. D. (2011). Isolated and combined effects of aerobic and 
strength exercise on post-exercise blood pressure and cardiac vagal 
reactivation in normotensive men. J Strength Cond Res, 25(3), 640-645. 
doi:10.1519/JSC.0b013e3181c1fcc7

Scoggin, J. F., 3rd, Brusovanik, G., Izuka, B. H., Zandee van Rilland, E., Gel-
ing, O., & Tokumura, S. (2014). Assessment of injuries during Brazilian 
jiu-jitsu competition. Orthop J Sports Med, 2(2), 2325967114522184. 
doi:10.1177/2325967114522184

Simão, R., Deus, J., Miranda, F., Lemos, A., Baptista, L. A., & Novaes, J. (2007). 
Hypotensive effects in hypertenses after judo class. Fitness & Perfor-
mance Journal, 6(2). doi:10.3900/fpj.6.2.116.p

Slimani, M., Davis, P., Franchini, E., & Moalla, W. (2017). Rating of perceived 
exertion for quantification of training and combat loads during com-
bat sport-specific activities: a short review. J Strength Cond Res, 31(10), 
2889-2902. doi:10.1519/jsc.0000000000002047

Spano, M., Risucci, D. A., Etienne, M., & Petersen, K. H. (2019). Epidemiology 
of sports related concussion in Brazilian jiu-jitsu: a cross-sectional study. 
Sports, 7(2), 53. 

Whelton, P. K., Carey, R. M., Aronow, W. S., Casey, D. E., Collins, K. J., Dennison 
Himmelfarb, C., . . . Wright, J. T. (2017). 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detec-
tion, Evaluation, and Management of High Blood Pressure in Adults. 
Journal of the American College of Cardiology, 24430. doi:10.1016/j.
jacc.2017.11.006

Williams, B., Mancia, G., Spiering, W., Agabiti Rosei, E., Azizi, M., Burnier, M., 
. . . Desormais, I. (2018). 2018 ESC/ESH Guidelines for the management 
of arterial hypertension. Eur Heart J, 39(33), 3021-3104. doi:10.1093/eu-
rheartj/ehy339

Zhou, B., Bentham, J., Di Cesare, M., Bixby, H., Danaei, G., Cowan, M. J., . . 
. Zuñiga Cisneros, J. (2017). Worldwide trends in blood pressure from 
1975 to 2015: a pooled analysis of 1479 population-based measure-
ment studies with 19.1 million participants. The Lancet, 389(10064), 37-
55. doi:10.1016/S0140-6736(16)31919-5

Øvretveit, K. (2018a). Acute physiological and perceptual responses to 
Brazilian jiu-jitsu sparring: the role of maximal oxygen uptake. Int J Perf 
Anal Spor, 18, 481-494. doi:10.1080/24748668.2018.1493634

Øvretveit, K. (2018b). Anthropometric and physiological characteristics of 
Brazilian jiu-jitsu athletes. J Strength Cond Res, 32, 997-1004. doi:10.1519/
JSC.0000000000002471

Øvretveit, K. (2019). Aerobic interval training improves maximal oxygen 
uptake and reduces body fat in grapplers. J Sport Med Phys Fit. 
doi:10.23736/S0022-4707.19.09584-7 


