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Abstract

Warm-up plays a major role in training and sport. Specific warm-up can effects to body structural strength in swimmer
while warm-up with TRX enhance muscle and neuromuscular function. Furthermore, flexibility, stability range of motion is
important to swimmers in regards with speed. The purpose of this study therefore aimed to compare the effect of specific warm-
up and warm-up with TRX suspension on flexibility and range of motion among young swimmers.
Method: Sixteen participants (7 males, 9 females, aged 11£1.57 years) has divided into 2 groups by matching method based
on swimming speed, and crossover training has applied to the experiment: specific warm-up and specific warm-up with TRX
suspension.
Result: The participants who performed specific warm-up had greater flexibility than the counterpart if they performed specific
warm-up before the warm-up with TRX suspension (mean difference: 7.40 vs. 2.31, respectively) while they had similar results
if the warm-up with TRX suspension in the first. Range of motion of external rotation of right shoulder (92.50+12.75 vs
98.00+2.11, P<.01) and inter rotation of left shoulder (68.75°+16.44 vs77.25°+738, <.01) among specific worm-up had
improved, but we did not find any significant improvement in TRX suspension group. Conclusion: The specific warm-up gives
the effect on flexibility and range of motion greater than warm-up with TRX suspension.
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Introduction

Warm-up can be increase body temperature and activate energy expenditure and never conductivity (Bishop, 2003)
and improve joints mobility, including to dynamic stretching. There are associated with physical performance in sports (Anness,
2007, Manoel et al, 2008, Fletcher and Hough et al, 2009). Previous study shows that movement activity with weight loading
can improve height jump in athletics. In addition, proprioceptive neuromuscular facilitation (PNF) can also be improved the
flexibility after 4 weeks of training, while TRX suspension training can activated neuromuscular function greater than general
weight training. Furthermore, it can develop muscle strength, flexibility, range of motion that play a major role to swimmer’s
skill (Pattaris, 2009). This study therefore aimed to compare the effects of specific warm-up and warm-up with TRX suspension

in young swimmers. These might be alternative warm-up method to develop swimmer’s performance.

Method

Sixteen participants (7 males, 9 females, aged 11+1.57 years) has divided into 2 groups by matching method on
swimming speed and using a crossover training: Group A performed specific warm-up with TRX suspension (TRX®pro
suspension trainer, LLC, san Francisco, USA) then, these two groups had participated with another one. After they had
performed each warm-up method, they had measured the flexibility by Sit and Reach test and measured the range of motion
(prone position with 90° shoulder abduction and 90° elbow flexion) by goniometer (Baseline HiRes, 12-1000 HR, White Plains,

New York, USA).

Statistical Analysis

The data of this study was normal distribution (performed by Shapiro walk test, p~>0.05), the independent sample t-
test was used to compared the differences between groups (warm-up methods). Paired-Sample t-test was used to analyze the
differences within groups. P-value was set at less than 0.05 (p<0.05). SPSS version 17.0 (IBM SPSS Statistics, USA.) was used

to performed the statistical analysis.

Results

Carryover effect did not find in the data analysis. Table 1 shown that the participants who performed specific warm-
up had greater flexibility the counterparts if they performed specific warm-up before warm-up with TRX suspension (mean
different percent: 7.40 VS 2.31, respectively) while they had similar results if the warm-up with TRX suspension firstly. The
results in Table 2 shows the range of motion of external rotation of right shoulder (92.50+12.75 vs 98.00+2.11, p<.01) and inter
rotation of left shoulder (68.75°+16.44 vs 77.25°+7.38, p<.01) among specific warm-up had improved, but we did not find any
significant improvement in TRX suspension group. However, there were not significant different between two warm-up group

(Table 3.).
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Table 1. Comparison of flexibility within groups (mean =+ standard deviation)

Mean % Mean
Before After p Average
Flexibility t different different
(cm) (cm) value (mean+SD)
(s) (%)
AB Group
Specific warm-up 10.94+£3.42  10.13+£3.51* 2.48 .04 0.81 7.40 10.53+£3.37
Warm-up with TRX 10.81£3.20 10.56+3.31 47 .64 0.25 2.31 10.69+3.15
BA Group
Specific warm-up 4.44£746  3.19£7.75%* 5091 .01 1.25 28.15 3.81£3.25
Warm-up with TRX 4.84+£7.34  3.4447.66%  2.70 .03 1.40 28.92 3.25+6.58

Note: Paired-Samples t-test was used to the analysis. AB: a group who received specific warm-up in the first trial and warm-up

with TRX in the second, BA: a group who received specific warm-up with TRX in the first test and followed by specific warm-

up.
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Table 2. Comparison on range of motion of shoulder joints within groups (mean + standard deviation)
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Range of motion Before after p- Mean different % Mean different Average
t
(degree) (cm) (cm) value (s) (%) (mean+SD)
AB Group
External LS 91.88+13.87 95.63+£10.68 -1.34 22 -3.75 4.08 93.75+12.71
External RS 92.13+16.57 93.75+14.39 -39 .70 -1.62 1.75 92.94+14.31
Specific warm-up
Internal LS 75.00+£18.32 77.88+5.18 -.79 45 -2.88 3.84 76.44+16.88
Internal RS 70.00+21.38 73.13+8.71 -1.35 21 -3.13 447 71.56+20.95
External LS 93.63+£17.42 95.00+11.84 -40 .70 -1.37 1.46 94.31+14.41
External RS 92.88+18.27 92.63+12.88 .05 .95 0.25 0.27 92.75+15.27
Warm-up with TRX
Internal LS 72.88+20.15 77.88+20.15 -1.45 18 -5 6.86 75.38+18.81
Internal RS 71.00+19.03 73.00+£25.96 -.57 .58 -2 2.82 72.00+22.01
BA Group
External LS 94.63+£12.08 101.25+5.18 -1.56 .61 -6.62 7.03 97.94+8.80
External RS 92.50+12.75 98.00+12.11%** -3.66 .01 -5.5 5.94 95.25+13.16
Specific warm-up
Internal LS 68.75+16.44 77.25+7.38** -5.71 .01 -8.5 12.36 73.00+7.56
Internal RS 70.75+21.87 72.50+10.35 -.68 Sl -1.75 247 71.634£9.29
External LS 95.50+14.12 99.50+8.93 -75 A7 -4 4.19 97.50+11.60
External RS 91.25+16.64 97.13+£6.98 -1.16 28 -8.25 6.44 94.19+12.69
Warm-up with TRX
Internal LS 69.25+8.10 73.63+£20.15%* -2.89 .05 -4.38 6.32 71.4449.15
Internal RS 70.25+7.07 67.88+11.80 1.10 .30 2.37 3.37 69.06+9.48

Note: Paired-Samples t-test was used to the analysis. External: External rotation, Internal: Internal rotation, RS: Right shoulder, LS: Left shoulder.
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range of motion specific warm-up warm-up with TRX t p- value Mean different % Mean
(n=16) (cm) (cm) (cm) different (%)
External LS 93.25+12.04 94.56+15.35 -.26 .79 -1.31 1.41
External RS 92.31£15.00 92.06£16.90 .04 .96 .25 0.27
Before
Internal LS 71.88+13.40 71.06+14.96 .16 .87 .81 1.13
Internal RS 70.38+15.78 70.63+13.87 -48 .96 =25 0.36
External LS 98.4449.44 97.25+10.40 33 73 1.18 1.21
External RS 95.88+12.21 94.88+10.28 25 .80 1.00 1.04
After Internal LS 77.56+12.32 75.75+14.50 38 .70 1.81 2.34
Internal RS 72.81£16.53 70.44+19.66 37 71 2.37 3.26

Note: Paired-Samples t-test was used to the analysis. External: External rotation, Internal: Internal rotation, RS: Right shoulder, LS: Left shoulder.
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Discussion

Specific warm-up and warm-up with TRX suspension has significant to physical performance in young swimmers. In
particular with specific warm-up, it tended to improve flexibility in both of it has performed in first or in the second trial.
Interestingly, in both warm-up group (specific warm-up and warm-up with TRX suspension) can either significantly greater
improve (28.15-28.92%) if TRX has been used for the first trial.

In contrast with the previous study, they found that dynamic movement with power training did not change on
flexibility, while the current study has used TRX suspension that benefits to core muscle strength and balance. Moreira (2012)
reveals that 6-weeks resistance training can improve flexibility in young adults (12.2+1.8 years). While current study has only
interest in acute effect, and can find the differences. Warm-up with TRX suspension has characterized as smoothly dynamic
stretching with upper extremities in full range of motion. However, the current result has shown that range of motion did not
change in TRX suspension group, but found in the specific warm-up group. The potential explanations might be that young
swimmers have some excellent performance of hand and shoulder functions from the previous regular training. However,
Hodges and Kriellaars (2013) found that resistance training can improve internal rotation peak torque and external rotation peak
torque. Moreover, Ingham SA (2010) exposes that concentric warm-up exercise has an association with shoulder flexibility

loss.

Conclusion
The specific warm-up gives the positive effects of flexibility and range of motion greater than warm-up with TRX

suspension among young swimmers.
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