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ABSTRACT

This study evaluated the effects of 6 weeks of stair climbing training by measuring energy
metabolism during uphill walking on a running treadmill and muscle output characteristics
before (Pre) and after (Post) the start of training. Five healthy male and female university
students [two males and three females, age 21.8 0.2 years, height 167.4 = 3.5 cm, weight 62.8
+33 kg, BMI 187 +0.8 kg/ (m)?] familiar with daily sports activities, ascended and descended
stairs three days a week for six weeks using the stairs of a five-story building. Uphill walking
was performed on a running treadmill with a 10% incline fixed at a speed of 4.1 km/h, and
5-minute uphill walks were continuously performed with a stretcher weight change,
interspersed with 2-minute standing rests. The stretcher weight was set at 10% of the body
weight (BW) in stage 1, 20% in stage 2, and 30% in stage 3. HR, RPE, and expiratory gas
variables were measured during uphill walking, and blood lactate concentration was

measured at the standing rest after each stage. At the end of stage 3, isometric knee
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extension force was measured, and the number of squats to exhaustion by 30% of the

stretcher's BW was recorded. The results showed a significant decrease or decreasing trend

in heart rate, ratings of perceived exertion, oxygen uptake, and carbon dioxide excretion in

Post. Blood lactate levels in Post were also significantly lower after stages 2 and 3. Isometric

knee extension was significantly higher in Post, and the number of squats to exhaustion was

also significantly higher in Post. These results suggest that stair climbing training reduces

the relative exercise intensity of uphill walking, improves thigh muscle strength and

endurance, and is effective for safe mountain climbing.
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Fig.1 Experimental protocol in this study.
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RPEIFPostD A7 —2 2 & 312BWVT, »wind
Prel & 1) b BB IEMETH - 720 VO IE A F —
Y0 TldPrel Post THEEII R 272b DD,
A7 = 1 TidPost T < 7% 2 I ATRED H 1
72o F72, AT =T 2 & 3 TIHAEICPostHMEAE
Td > 720 VCOLE A F — ¥ 0 TldPre & Postic
AERAEIRL, AF—V 1 & 2 TldPosthMik <
e BHEATH o720 £ L TAT— Y 3 TldPostn’
£ G Al T & > 720 VEERERIZ I3Pre & Post
THEETROON -7,

Fig. 2 \CI3 & & 27—V 1 ~ 3R THoI
HALERIREE DO W 2 7R L7zo KRR LA ZLIR IR
J£lX, PreTl1.54+0.17mmol/L, PostTI1.58 =+
020mmol/LTH V), HFEGZEIG»Po72, A
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Table1 HR, RPE and respiratory parameters during uphill walking before and after 6-wk training.
Rest Stage 0 Stage 1 Stage 2 Stage 3
HR (bpm) Pre 99.6 + 46 1373 £ 5.2 1482 £ 5.1 156.4 = 4.8 166.6 = 5.7
P Post 90.6 £ 5.5* 133.2 = 4.8% 1445 + 49% 1524 * 4.6% 163.1 + 4.8*
RPE Pre 6.8 = 0.2 92 +1.0 10.3 = 09 122 = 0.8 14.1 = 0.6
Post 72 £ 02 9.0 £ 0.7 99 + 04# 11.3 + 0.6* 13.0 £ 0.8*
. . Pre 8.34 £ 0.31 21.66 = 0.74 23.44 = 0.86 2522 £ 1.04 29.04 £ 1.31
VO, (ml/kg/min)
Post 7.36 = 0.45 21.34 = 0.95 22.66 = 0.98% 23.33 + 1.09% 24.63 * 1.02*
Veo (ml/min) Pre 429.2 = 31.2 11544 = 78.7 1300.6 = 67.5 1400.8 = 72.1  1613.2 = 109.2
: Post 372.0 = 27.0 1089.8 = 77.8 12231 += 64.8%# 1282.0 = 71.2%# 1398.0 + 77.0*%
. . Pre 155 + 0.83 319 = 21 356 = 25 394 £ 29 46.4 = 5.0
VE (L/min)
Post 136 = 0.93 2l as 359 £ 2.4 392 £ 2.7 472 = 4.4
RER Pre 0.82 + 0.02 0.85 + 0.03 0.89 + 0.02 0.89 + 0.02 0.89 + 0.03
Post 0.82 = 0.02 0.82 = 0.03 0.87 = 0.02 0.89 = 0.02 0.92 = 0.03

*(p<0.05); siginificant difference, #(p<0.10);marginally sifnificance, HR; heart rate, RPE; ratings of perceived exertion, \:'02;

oxygen uptake, \'ICOE; carbon dioxide output, \}E; expiratory minute volume, RER; respiratory exchange ratio.
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"ol

A 277 bl &EPrekPost CHIKT 5 &,
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£376I &R, HRISHMLIZ. 22Ty Mz
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Fig.2 Change of blood lactate concentration before and after
6-wks training. * (p<0.05) denotes significant difference

when compared with Pre-values, respectively.
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Fig.3 Comparison of steps between Pre and
Post. * (p<0.05) denotes a significant
difference when compared with Pre.
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Fig.4 Comparison of muscle strength (A) and muscle endurance (B) between Pre and Post.
* (p<0.05) denotes a significant difference when compared with Pre.
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255, Fig 2 IZR LI hFLMBEOBE* A 5
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