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1  Introduction
Squash is a game of continuous movement for both players.  Each player is aiming to make the opponent cover as much ground around the court as possible, forcing him/her from one corner to the other at maximum stretch.  The rules of the game state that ‘play shall be continuous’ (The Squash Rackets Association, 1993), and apart from the stipulated 90 s rest between games, the only respite players have is the short interval of approximately 7 s between points (Sharp, N.C.C., 1990, Personal Communication).  For the elite male player this activity may last for up to, and even beyond 2 hours.  For the good club player sessions of 45 minutes to an hour are more usual.

   Sustaining this level of activity makes severe demands upon the body’s systems of both aerobic and anaerobic energy supply (Sharp , 1979).  The game is characterised by a player needing to maintain submaximal exercise continuously, yet repeatedly undertake short dashes at maximal speed.  This type of exercise is maintained by both aerobic and anaerobic metabolism (Wilmore and Costill, 1994).  Lamb (1978) has suggested that exercise which results in exhaustion in less than 150 min draws mainly on the aerobic breakdown of muscle glycogen and blood glucose.  This contention has been supported in a number of studies of another, somewhat different, high intensity intermittent activity, that of soccer (Bangsbo, 1994).  Furthermore it has been shown by Saltin (1973) that muscle glycogen levels are depleted at half time in a soccer match, and even more so at full time.

   It is logical to assume then that depletion of glycogen levels is likely to occur in a squash match where both players are continuously active.  It may also be the case therefore that replenishment of muscle glycogen and blood glucose supplies may function to maintain performance.  The ingestion of carbohydrate (CHO) solutions have been shown to enhance endurance performance (Coggan and Coyle, 1987) and to improve sprint performance following exercise (Neufer et al., 1987).  Furthermore Kirkendall et al. (1988) have shown that exercise performance in soccer was enhanced when a glucose polymer solution was consumed pre-game and at half time.  It is logical to assume that a similar mechanism may occur in the game of squash, but to the authors’ knowledge this has not yet been documented.

   The mechanism by which glycogen depletion may affect performance may be by reducing the number of muscle fibres capable of producing the force needed for exercise (Wilmore and Costill, 1994).  Squash is a whole-body activity requiring continuous running and hitting of the ball.  It has been estimated that a good male player is making up to 22 strokes per minute (Sharp, 1990).  Accuracy is extremely important.  If a player is incapable of reaching the ball and making accurate shots performance will inevitably deteriorate.  It may be the case therefore that reduced levels of muscle glycogen could limit performance as detailed above, and that CHO ingestion may serve to maintain performance by its action on muscle glycogen and thus fibre recruitment.

   It was the aim of the study therefore to examine the effect of CHO ingestion on squash performance as assessed by an accuracy test, and also on subjective feelings of exertion.

2  Methods
2.1 Design

The design was a repeated measures (RM) design with all subjects completing all levels of both factors.  The independent variables were the carbohydrate supplementation condition (CHO-trial and Placebo(PL-trial ), and the game condition (3 simulated squash games with a 90 s rest period between each).  The dependent variables were measures of shot accuracy, heart rate (beats.min-1) and Perceived Rate of Exertion (Borg, 1973).

2.1 Participants

Eight good club standard male players participated in the study.  All were regular players and accustomed to high levels of exertion.  The mean age was 20.13 ((1.55) years, and the mean mass was 70.75 ((13.55) kg.  During the period of testing all subjects were matched with an opponent deemed to be of approximately equal ability.  This was agreed by an SRA Intermediate level coach and confirmed by the players.

2.2 Materials

The carbohydrate solution used was a commercially available glucose polymer energy fuel (Maxim AMS Ltd.).  The amount given to each subject was calibrated according to body mass (8.0g  100 ml-1.kg-1, CHO-trial), and was flavoured with a sugar free orange drink (1:16 parts concentrate to water).  The PL-trial solution was also based upon the above fraction of drink to body mass, but contained only the sugar free orange drink.

   Participants played 3 simulated games of squash, consuming 50% of the solution before game 1, and 25% after each of games 1 and 2.

   The conditioned game was devised as a result of analysing 12 high standard men’s club matches, recording the type of shots played, rally, game and match length.  A detailed description of these data are not possible here, but resulted in the following simulated match being devised:


game 1:
29 rallies (16 short, 11 medium, 2 long)


game 2:
26 rallies (14 short, 11 medium, 1 long)


game 3:
24 rallies (13 short, 10 medium, 1 long)

The analysis resulted in the length of a short rally being determined as 13 s, a medium length rally being 33 s, a long rally being 112 s.  The order of the rallies was randomly chosen, but constant throughout the testing period.

   The accuracy test was conducted with a feeder and consisted of the participant moving from the ‘T’ area of a standard international size squash court to hit a straight forehand drive into the back corner of the court.  The ball was fed onto the front wall by the feeder such that the participant had to move forward to hit it.  Scoring was by a predetermined marking scheme, such that the closer the ball landed to the back corner of the court the higher the points scored.  After each shot the participant returned to the ‘T’ before moving towards the next ball.  Each testing session consisted of 20 trials preceded by 10 practice trials.

   Heart rate monitoring was conducted using a heart rate monitor (Polar Sports Tester, Kempele, Finland) and perceived exertion was rated using the Rate of Perceived Exertion Scale (Borg, 1973).

   All participants were allowed to use their regular squash rackets together with a Dunlop X2 yellow dot squash ball.  A new ball was used for each set of trials.

2.3 Procedure

Participants were asked not to consume any food substrates up to 2 hours before testing.  They were given their first drink, either CHO or PL-trial condition 30 minutes prior to testing, and fitted with the heart rate monitor.

   As on-court testing began they were allowed a 5 min warm up (to simulate match conditions) followed by the first accuracy test.  All scores were recorded by the experimenter.  The first simulated game then began.  The rallies progressed as outlined in 2.2 above.  At the end of the time allotted to a given rally, the experimenter called ‘STOP’, whereupon a participant would pick up the ball and serve to start the next rally.  The order of servers was alternated, as was the side of the court from which they served.  All games were separated by a 90 s rest interval (The Rules of Squash SRA, 1993), during which time the participants consumed the designated drink.

   Heart rate values were recorded at the end of rallies 6, 12, 18, 24 and at the end of the game for game 1, and at the end of rallies 5, 10, 15, 20 and at the end of the game for games 2 and 3.  A rating on the Perceived Exertion Scale was recorded at the completion of each game.

   Participants completed the CHO and P-trials in a counterbalanced order to minimise order effects.  A check was performed to ascertain if they could determine the nature of the drink consumed, but they were unable to do so.  Trials were separated by a period of 7 days.

3  Results
3.1 Accuracy test

The scores on the accuracy test were collected at two points; after the 5 min warm up but before game 1, and immediately after the end of game 3.  The results are shown in Table 1.

Table 1. Mean scores ((SD) for accuracy (max.100) for subjects in CHO and PL-trials

	
	CHO trial
	PL trial

	Pre-game 1
	62.6 ((9.8)
	59.1 ((8.7)

	Post-game 3
	60.6 ((11.6)
	47.6  ((8.4)


   The data were analysed using a two-way RM ANOVA (condition x game).  There was a significant condition by game interaction effect (F1,7=12.4, P<0.01), and a significant main effect of condition (F1,7=63.0, P<0.001).  The main effect of game failed to reach significance.  Follow up Tukey analysis showed a significant effect on accuracy performance in the (PL-trial) (P<.01).  This would indicate that participants maintained accuracy of performance in the CHO-trial but not in the PL-trial.  The effect of the manipulation is depicted graphically in Figure 1.




Figure 1. Mean accuracy scores in CHO and placebo conditions.

3.2 Heart rate changes

Heart rate data were taken at 4 points during each game, and at the end of each game. The mean of the values for each game were used for data analysis, and are shown in Table 2. 

   Analysis was by two-way RM ANOVA (condition by game).  There were no significant main effects or interactions.  Inspection of Table 2 would indicate slightly higher heart rates for the PL-trial, particularly as the series of games progressed. Although not significant, some trends are worthy of note as the main effect of game achieved a significance level of P=0.059, with the interaction effect reaching P=0.073.

Table 2. Mean heart rates (beats.min-1) ((SD) for the three game conditions for CHO and PL-trials

	Game
	CHO-trial
	Pl-trial

	Game 1
	142 ((14)
	147 ((10)

	Game 2
	145 ((11)
	150 ((8)

	Game 3
	146 ((13)
	153 ((10)


3.3 Rating of perceived exertion

At the conclusion of each game subjects were asked to rate their perceptions of exertion on the  Borg RPE-Scale (Borg, 1973).  The results are shown in Table 3.

   Statistical analysis was by a 2-way RM ANOVA ( condition x game).  A significant interaction effect, game by condition, was found (F2,14=10.4, P<0.01).  There was also a significant main effect of game (F2,14=150.8, P<0.001), and a significant main effect of condition (F1,7=6.3, P<0.05).  Follow up Tukey analysis indicated a significant difference between games 1 and 3 of the (CHO-trial), and between all games of the (PL-trial) (P<0.05).  It would appear that CHO ingestion may have mitigated participants’ perceptions of exertion as the simulated match progressed.

Table 3. Mean RPE scores ((SD) for the three games in the CHO and PL-trials

	Game
	CHO-trial
	PL-trial

	Game 1
	12.2 ((.9)
	12.7 ((.8)

	Game 2
	13.2 ((.9)
	14.5 ((1.2)

	Game 3
	14.7 ((.9)
	16.1 ((1.1)


4  Discussion  

The results of the accuracy performance analysis confirm the suggestion that the ingestion of the glucose polymer solution was effective in influencing the maintenance of performance.  This confirms previous findings concerning the effectiveness of CHO ingestion on endurance performance (Coggan and Coyle, 1987; Neufer et al., 1987) and extends the research into the area of motor skill and motor control. 

   The change in performance for the PL-trial was of the order of a 19% drop in performance accuracy.  In a game between evenly matched opponents this decrease could prove to be crucial.  It is still unclear why such a decrease should occur.  It is possible, as suggested by Wilmore and Costill (1994) that the problem concerning motor control is in the reduced recruitment of muscle fibres due to the unavailability of substrate.  In the absence of muscle glycogen or blood glucose monitoring suggestions concerning the locus of the effect must remain tentative, but clearly a future research direction is signalled.

   Another avenue it may be useful to explore is the nature of accuracy problem.  As the current test involved the participant moving from the ‘T’ to make the shot, it could be that the ability to move quickly from the ‘T’ to the ball has been affected, thus not enabling the player to arrive at the correct position to hit an accurate shot, or it may be the ability to control the ball.  It is of course possible that both factors are affected.

   Analysis of the heart rate data showed non-significant results, but a clear trend towards increasing mean heart rates as the number of games played increased.  Previous research (Reilly, 1990) has indicated that mean heart rates during squash match play have varied from 147 to 161 beats.min-1.  It could be considered therefore that the values obtained in this study are somewhat low, thus questioning the ecological validity of the simulated game.  This may be due to the fact that the game was not intended to be competitive and therefore participants may not have extended themselves to their normal competitive values.  Clearly the game could be modified to introduce a stronger element of competition which may produce elevated heart rates.  Additionally extending the test period to the possible 5 games may have provided data similar to that of Reilly (1990).

   The ratings of perceived exertion increased as the ‘match’ progressed for both the CHO and the PL-trial.  This finding was more pronounced in the PL-trial as ratings increased significantly game by game, whereas in the CHO-trial the only significant increase was from game 1 to game 3.  It is possible that CHO ingestion may have delayed the onset of feelings of exertion, but the mechanism by which this could occur is unclear.  It may concern levels of glycogen in the active muscles or may be related to levels of blood glucose, either centrally and/or peripherally.  Again, without analysis of these variables, these proposals must remain tentative and are suggestions for future work. 

5  Conclusions

   There is clearly much work still to be done to understand the demands of squash match-play.  Nevertheless this study has extended previous work concerning the benefit of CHO ingestion on endurance performance into a sport making high demands both for endurance and fine motor control.  This suggests that it may be of benefit for players at this level of competition to maintain CHO levels as a match progresses.
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