Basketball match-induced dehydration is related to a reduced jump height after a match in young basketball players
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Abstract
To date, reduced jump performance has not been associated with muscular damage nor the loss of fluids caused by a basketball match.
Objective: Relate the reduced jump height to match-induced muscle damage, loss of fluids, and changes in plasma electrolyte levels in young basketballers. 
Methods: 14 basketballers (17.1 ± 3.4 years) were assessed for the following variables pre- and post-match: sodium (Na+), potassium  (K+), creatine kinase isoenzymes (CK), urine specific gravity (USG), body mass, and jump height (countermovement jump; CMJ). Results: Post-match values of Na+ (p<0.002), CK (p<0.0001), USG (p<0.0001) were increased, whilst body mass (fluid loss) (p<0.0001) and  CMJ (p<0.0002)  values were reduced. The reduced CMJ performance was associated with increased Na+ (r= 0.67, p=0.01) but not with reduced K+ (r= 0.36, p=0.21) levels. Reduced CMJ performance was also linked to fluid loss (r= 0.067, p=0.01), but not with CK levels (r= 0.10, p= 0.73). Interestingly, fluid loss is related to pre-match body mass and USG (r= 0.68, p = 0.01; r= -0.58, p = 0.02 respectively). 
Conclusion: A basketball match induces muscular damage and dehydration. However, only dehydration and the increased plasma Na+ levels are associated with a reduced jump height.
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Introduction
Basketball is one of the world´s most important and physically demanding sports 1. The most competitive leagues, such as the men's NBA and the women´s WNBA, have increased the amount of matches per season so that during play-offs three to four matches are held each week 2. The majority of a basketball match is conducted at a high intensity: over 80% of the maximal heart rate3. Thus, it is critical to identify those variables that reduce performance 4 to introduce effective recovery strategies during and after matches 5.   
Performance in basketball depends greatly on the player´s jumping ability. The average CMJ height attained by professional basketballers is 60 cm 6, whilst youth players achieve 34 cm 3, 7. Lindsay et al. (2007), showed jumping performance to be reduced at the end of a match, which could be related to fluid loss, including electrolytes 8. Players lose between 1-4% of their body mass in fluid during a basketball match 8. The reason for this great range of values between subjects is not entirely understood. Physical performance has also been associated with exercise-induced muscle damage, e.g. muscle damage markers are positively associated with race finishing times after a triathlon 9. To our knowledge, this relationship has not been studied in basketball. Nonetheless, a recent study showed that professional basketball players finished a match with an average plasma CK level of 213 UI/L10, indicating that basketball match-induced muscle damage could be the cause of a reduced jumping performance. 	Comment by Eva Apweiler: irrelevante - nunca mencionan eso después
To date, no studies relate the reduced jumping performance of basketball players to muscle damage and fluid loss induced by the game. Determining this relationship is key to elaborate strategies that can offset performance reduction. Hence, the objective of this study is to associate the reduced jump height with muscle damage, fluid loss and change in plasma electrolyte levels as caused by a basketball match. 

Materials and Methods
Participants
Fourteen young basketballers (see Table 1 for subjects´ characteristics) voluntarily participated in this study. Subjects with skeletal muscle damage limiting their normal practise of basketball were excluded. An informed consent form was signed after the potential benefits, harm and risks were explained to the participants. The study was approved by the Ethics Commission of the Instituto Nacional de Deporte (IND; National Sports Institute). The protocol is in accordance with the Helsinki Declaration. Players under 18 were required to obtain the signature of their parent/guardian to ensure their informed consent before the participation. 
Table 1. Study participants´ characteristics 
	N
	14

	Age (Years)
	17.1 ± 3.4

	Height (Metres)
	1.77 ± 0.05

	Body Mass (Kg)
	72.5 ± 11.3

	VO2max (ml/kg/min)
	60.7 ± 5.2

	Basketball experience, cadets (Years)
	4.6 ± 1.2





Protocol                                                                                                                                             Subjects attended the laboratory at 09:00 hours, pre-match, for anthropometric (weight and height) and maximum jump height (CMJ) evaluations, and to give urine (urine specific gravity) and blood samples (Na+, K+ and CK). Following this, a friendly match was played in quarters, each consisting of 10 minutes and separated by a 5 minute break. The match was held on closed grounds with an average of 21ºC and a relative humidity of 72%. Players were instructed not to ingest liquids during the entire match. Immediately after the match, all previous evaluations were repeated (see protocol time chart in Figure 1). After the completion of the protocol, it was recommended to rehydrate by consuming 150% of the lost weight in isotonic drinks.
 [image: ]                                                                                                                   Figure 1. Time chart of study protocol. CK: Creatine Kinase; USG: Urine Specific Gravity;  CMJ: countermovement jump;  BM: Body Mass.  
Jump Height (CMJ)                                                                                     
The participants were asked to jump for maximal height, which was assessed using a mobile contact platform (Globus, Codogne, Italy). Prior to assessment, the subjects were taught the correct CMJ technique and familiarised with the contact platform. To calculate the jump height, the height of the centres of gravity at takeoff and landing are considered. Takeoff and landing were standardised with the maximal extension of the knee and ankle joints 11, no specific instructions were given  regarding the depth or the speed of the movement. The reliability test-retest intraclass correlation coefficient (ICC) and the standard error of measurement was 0.96 and 2.9%, respectively. Flight time was used to calculate jump height variance. Each player was granted three attempts, separated by 1 min recovery. The highest of the three jumps was used for statistical analysis. Characteristic of CMJ is the very low variability between test jumps (variation coefficient of 3.0%) 12. 
Anthropometry
Body mass and size were assessed using a high precision mechanical scale (0.1kg) with an incorporated stadiometer (SECA model M20812, Germany). All anthropometric measurements were taken by the same investigator and in accordance with ISAK standards. 
Urine Specific Gravity (USG)
The USG was determined in triplicate of the same urine sample, using a handheld refractrometer (Robinar model Spx, USA), immediately after its collection. The players were instructed to only open the 100 ml, clean and dry collection receptacle when introducing the urine and to close it immediately after its collection 13. 

Electrolytes (Na + and K +) and Creatine Kinase (CK)
Blood (4ml) samples were obtained from the anterior cubital vein and placed in lithium heparin collection tubes and then centrifuged at 330g for 10 min (Gelec G-20 digital, Argentina). Sodium and Potassium levels were determined using ion-specific electrodes (IC Laboratory, Wiener, Argentina). CK levels were determined using an enzymatic UV-test  (Sistema analítico 1800, Alemania).  	Comment by Eva Apweiler: existe de verdad?	Comment by Eva Apweiler: median cubital vein parece	Comment by Eva Apweiler: ???
Statistical analysis 
The data are presented as average ± standard deviation. The Shapiro-Wilk normality test (p<0.05) was performed alongside parametric test. The paired t-test was used to assess the differences between each variables´s pre- and post-match values. Pearson correlation was used to  measure the correlation between variables. Results with a p-value <0.05 were considered statistically significant. Statistical analysis was carried out using GraphPad Prism version 6.00 (GraphPad Software, California, USA).  
Results
The average pre-match USG was 1.021 ± 0.006. According to the Casa et al. (2000) 14 classification only 7.6% of the players were in a euhydrated state, 23% were mildly dehydrated, whilst 53.8% were significantly dehydrated, and 15.3% were seriously dehydrated. Post-match, on average, players increased their plasma CK levels by 38.1%, and sodium levels by 1.4%; whilst they lost 1.3% of body weight and reduced their CMJ height by 10.8% (see Table 2). 
Table 2. Effects of basketball match on plasma electrolytes, body weight, urine specific gravity, creatine kinase and countermovement jump height in young basketballers.  
	
	Pre-match
	Post-match
	p-value

	[bookmark: h.gjdgxs]Na+ (mmol/L)
	141.7 ± 1.1
	142.8 ± 1.1
	0.002

	K + (mmol/L)
	4.6 ± 0.4
	4.6 ± 0.4
	0.9

	CK (U/L)
	223.6 ± 93.1
	308.8 ± 96.7
	< 0.0001

	Body Mass (Kg)
	72.9 ± 13.71
	72.0 ± 13.5
	< 0.0001

	USG
	1.021 ± 0.006
	1.026 ± 0.004
	< 0.0001

	CMJ (cm)
	37.3 ± 4.9
	33.9 ± 4.2
	0.0002



The reduction in post-match jump height is related to fluid loss (r= -0.67, p = 0.01), but not to plasma CK levels changes (r= -0.10, p = 0.73), nor with post-match CK levels  (r= -0.50, p = 0.08). The reduced jump height is related to increased Na+ levels (r= -0.67, p = 0.01), but not with K+ levels changes (r= 0.38, p = 0.21; see Figure 1). 
[bookmark: h.30j0zll]Fluid loss as calculated by loss of body weight, is related to the initial weight (r= 0.68, p = 0.01) and USG (r= -0.58, p = 0.02) (see Figure 2). Upon adjusting for initial body weight, an average of 11.89 ± 3.1 grams per kilogram of initial body weight was lost. Body weight loss is related to the reduction of CMJ jump height (r= -0.59, p = 0.03).
[image: ][image: ][image: ][image: ]
Figure 2. Relationship between match-induced reduction of CMJ height in young basketballers and (A) match-induced dehydration, (B) match-induced muscle damage (C) match-induced K+ level change, (D) match-induced Na+ level change. CMJ; countermovement jump, CK; creatine kinase.     
[image: ][image: ]	Comment by Eva Apweiler: pre- and post-match
[bookmark: h.1fob9te]Figure 3. Relationship between (A) initial body mass, (B) pre-match USG and match-induced dehydration in young basketballers. USG; urine specific gravity.

Discussion 
This study shows that a basketball match induces significant fluid loss, reduces CMJ height and increases plasma Na+ and CK levels. Moreover, the post-match reduction in jump height is related to fluid loss and plasma Na+ levels but not to acute muscle damage as indicated by increased CK levels. 

Osterberg et al. (2009) have shown that 52% of basketballers are dehydrated before the start of a match and that this is not recompensated by the fluid intake during the match 15. Thus, during a match, the players are largely in a dehydrated state. In this study, we found 69.1% of the basketballers to have been dehydrated before the start of the match. This higher incidence is not due to differences in temperature or humidity (21 vs 22 °C), rather than to other variables such as the instruction players received regarding water intake, or players´ age since children and adolescents have greater hydration requirements than adults 16. 

Hypohydration results in high dehydration levels and hyperthermia following exercise 17. Both induce muscle fatigue: either indirectly by altering the arterial blood pressure or directly by diminishing the nervous impulse to the muscles 18. The observed relationship between fluid loss and the reduced post-match CMJ height may be explained by these mechanisms. Magal et al (2003) demonstrated subjects that lose 3% of their body mass also perform worse in 5 and 10 metre test sprints. Repeating these test sprints following rehydration, the same subjects significantly improved their time. Thus, showing that, just as in our study, dehydration affects lower body strength 19. 
Del Coso et al (2014), found a significant increase of plasma CK and myoglobin levels after a triathlon, which was positively related to the finishing time. This suggests muscle damage reduces endurance performance 9. Basketball is known to induce muscle damage. Calleja-González et al., 2007, found highly trained junior basketballers to have increased levels of muscle damage markers like CK and LDH  (36% and 59% respectively) after a match 20. We observed a similar trend: a 38% increase in CK levels post-match; however, this was not related to the loss of performance in the CMJ as is the case in endurance sports. To our knowledge, this is the first report that shows the relation between a muscle damage marker like CK and the reduction in jump height in basketballers. These results may be caused by the fact that basketball has a strong eccentric component due to the relatively high amount of deacceleration and braking, which induces immediate muscle damage 21. Nonetheless, recurrent practise of this type of exercise induces a repeat bout effect 22, which refers to the reduced muscular damage incurred by training over time. Considering the basketball experience of our subjects, the reverse bout effect would have limited the muscle damage to levels that do not diminish performance.	Comment by Eva Apweiler: eso no hace mucho sentido. Dice que hay y después que no hay relación. Hay que revisarlo

Two mechanisms could explain the relationship found between fluid loss and the pre-match USG: 1) A high USG indicates a state of dehydration, which influences the perceived level of exertion and encourages the player to exert himself less 23, thus reducing fluid loss and physical performance. 2) Upon dehydration, antidiuretic hormone is released to regulate fluid loss, this however raises the core body temperature and thus affects the athlete's health 24. This relation is not fully understood. It is key to underline that in our study, fluid loss is related to body weight, meaning that heavier basketball players have greater hydration requirements.

A basketball match induces physiological effects that include an increase in plasma CK and Na+ levels and a significant loss of body weight. Notably, the loss of body mass is negatively related to the post-match reduction in jump height but not to the increased CK levels. This suggests that the hydration strategies used prior and during the match are key to maintain performance levels throughout a basketball match. 
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