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Summary

We developed computer software to produce a treadmill ramp protocol through which oxygen
uptake (VOy) is increased in a linear fashion, thus enabling subjects to walk until the end of
exercise. The developed software simulates the increases in speed and grade of the treadmill
displayed on a personal computer screen, and produces the ramp protocol by arbitrarily deter-
mining the variables of the following formula:

1) Increments of VOy=a;t+a, (ml/min/kg) [t=exercise time (min)]

2) Predicted VO, by speed (S) and grade (G) = 2352 +2,G2+2;SG +2¢S +a,G +ag (m//min/kg)

[S=speed (km/hr); G=grade (%)]

3) Speed suitable for desired exercise time (S or S?)=agt?+ajpt+ay; (km/hr)

4) Grade suitable for desired exercise time (G or G2 =at2+a;st+ay (%)

In this study, the increment of VO, was determined by considering the subject’s exercise
capacity (VOp=4t+7 ml/min/kg), using the Ito’s formula (VO;=0.06752+0.289SG +7.73 m//min/kg).
The formula of grade was determined following the formula arbitrarily (G?=25t+5%). The
formula of speed for exercise time was calculated automatically. The new ramp protocol, which
was applied to 10 healthy subjects (mean age: 24.8+4.8 years old), disclosed a similar linear
relationship between the predicted VO, and the measured VOs,.
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Fig. 1. Computer software connected to tread-
mill used in this study.

Ramp protocol developed by personal computer
is memorized on 3.5 inch floppy disk of treadmill
controller.
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[ML-5000 Treadmill Ramp Protocol|

Speed Grade vo;
km/h % ml/min/kg
20 25 75
16 20 60
12 15 45
8 10 30
4 5 15
0 —— 0 T 0 Sy ST ST
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Exercise Time Exercise Time Exercise Time
Oxygen Uptake : VO, = 1=F(S, G) (ml/min/kg)
F(S, G)=0.067s2+ 0G?+0.289sG+ 0S+ 0G+7.73
Speed: S = t2+ (km/h)
Grade : G?= 0t?’4+ 25t+ 5 (%)
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I Auto ] [ V0. J I Speed | Grade ”Squavel

Fig. 2. Treadmill ramp protocol displayed on the computer screen.

Increases speed, grade and predicted oxygen uptake (VO,) with the increase in exercise level are
simulated on the computer display. Increment of VO, was first determined by subject’s exercise
capacity (VO,=4 t+7 ml//min/kg) as shown in the right panel. Predicted VO, was determined ac-
cording to Ito’s formula as shown in the lower panel (VO,=0.067 S+ 0.289 SG+7.73 m//min/kg).
Speed and grade were increased in the manner that subjects were able to walk until the end of

exercise as shown in the middle and left panels.

t=exercise time (min); S=speed (km/hr); G=grade (%).
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Table 1. Data of exercise testing in 10 healthy
subjects

VE VO, Time
(//min)  (ml/min/kg) (min)

Rest 11.3+ 1.8 4.2+0.6

Warming up 16.2+ 1.8 7.3+1.1

AT 31.5+ 6.0 19.5+3.0 3.30+0.52

Peak 78.9+18.6 40.5+7.3 8.96+0.98
(mean+SD)

VE=ventilation; VO,=oxygen uptake; Time=
exercise time; AT =anaerobic threshold.
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Fig. 3. Comparison of predicted and measured
oxygen uptake (VO,) during exercise.
A linear relation was observed between the 2 lines.
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Fig. 4. Changes in heart rate and systolic blood
pressure during exercise.

Changes in heart rate and systolic blood pressure
during exercise are expressed as mean+SD each one
min. Linear increases were obtained coincident with
increase in exercise level.

SBP =systolic blood pressure; HR =heart rate.

», —HRSERETEATE RS, AFNED
AW Emnizl, ®2£Th0, LAKLOED
EALR A—XCEBRHTHS. AT 2 VO, max
DREx B L Lo DIESARRR T, VO,
PRXYESE ML, Ok BEO %% 5
¥, AT % VO, max 0EHMEIC bEATHY?,

— 690 —



VO: (mi/min)

4000
3000+
2000- P
1000- ___/"*"
A
0
0 5 % 10 15 2
rest warm up ramp exercise time

(min)

4000-

3000

577 a b a— BB DR

VO:2 (mi/min)

2000- Nkl
e -
1000 vl
e S
0 | S
0 s 4 10 154 20
rest warm up muiti stage protocol exercise time

(min)

Fig. 5. Comparison of oxygen uptake (VO,) in our ramp protocol and that in conventional

multistage protocol.

Measurements were performed in a 30-year-old man. A smoothly increased linear curve was
obtained by ramp protocol (left panel), compared to a curve obtained by the conventional multistage
protocol in which speed and grade were incremented each min (right panel).
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