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Purpose

To compare two physiological testing methods before and
after marathon training to understand their effects on time to
exhaustion (TTE), respiratory exchange ratio (RER), and
VO,uiax-

Introduction

Maximal exercise testing can be used to measure variables
important for marathon performance. A variety of protocols
exist to measure these variables, and their approaches to initial
speed, incline, and any subsequent increases vary widely
(Pollock et al., 1975). The majority of protocols are designed to
determine maximal oxygen uptake (VO,y,x). Other
physiological variables important for marathon performance
such as lactate threshold (LT) and respiratory exchange ratio
(RER) can also be obtained during and exercise test. These key
variables are defined as: 1) LT: the point at which lactate
accumulation exceeds lactate clearance; 2) RE: the oxygen
uptake required to sustain a given submaximal pace; and 3)
RER: the ratio of carbon dioxide expired to oxygen consumed,
which reflects metabolic substrate utilization. Across various
protocol, the ideal duration of a maximal exercise test has been
shown to be 10+2 minutes (Astorino et al., 2004). Tests outside
this window may result in increased core temperature,
variations in anaerobic contributions, and decreased motivation
(Yoon, Kravitz, & Robergs, 2007). Varying testing protocol
based on subjects’ previous vs. adjusted fitness level as a means
of measuring TTE has not yet been studied. Further information
about changing fitness and its effects TTE may be useful in
designing graded exercise testing protocol.

Common variables obtained through maximal exercise
testing, including VO,y,x, RE, and LT have been correlated
with running performance (Stratton et al., 2009). Subsequently,
these variables have been combined into theoretical models
(McLaughlin et al., 2010):

%V Ozy14x @LT x VOypax X RE =
Running Velocity in Distance Races

Recently, TTE has been discussed as an additional variable.
Unlike VO,yxx, @ primarily acrobic variable, TTE is a variable
incorporating both aerobic and anaerobic components (Bertuzzi
etal., 2010). Because of its direct connection to exhaustion,
improved understanding of TTE may improve understanding of
factors causing fatigue, an important but poorly understood
concept in maximal exercise.

A second potential variable is peak treadmill velocity or
velocity at TTE (vVITE). It is well-established that peak
treadmill velocity significantly correlates with running
performance (Noakes, Myburgh, & Schall, 1990). However,
vTTE is difficult to use practically, because most graded
exercise tests use incline as a way to increase intensity without
endangering subjects (Pollock et al., 1975). This study attempts
to correct this gap by converting the inclined velocity to a level-
ground, converted velocity, using a publicly available incline-
velocity conversion chart (Hill, 2000). This study examines the
effect of exercise testing protocol on TTE and begins
investigation on the use of TTE and vITE in MT prediction.
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Discussion

This study shows changes in exercise testing protocol based on
relative fitness level affect time to exhaustion and related exercise
variables. TTE decreased in ADJ after training but increased in
UNADI. More sustained exercise at a lower relative intensity in
UNADIJ may explain the increase in TTE. This is reinforced by the
decrease in RER at exhaustion from pre to post testing in UNADJ.

‘When the protocol was adjusted for subjects’ current fitness, TTE
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were measured TTE, and VO,y;,x was calculated as a mid 5-of-7 variable not included in typical endurance models (Florence & Weir,
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Two-way ANOVA evaluated the effect of testing protocol on TTE, desired, adjusting testing protocol for current fitness after training is
RER at TTE, and vTTE. Pearson’s correlations and multiple linear recommended.
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regression (MLR) were used to assess relationships between the Adj.Pre Adj.Post Unadj.Pre Unadj.Post Total.Pre Total.Post Additional vanab.les investigated U?CIUdEd VITE and VO,yax. .
variables and marathon time (MT). Protocol VO,\1ax Was not an independent predictor of MT when analyzed with
all other variables, regardless of protocol. This is consistent with
. previous research (Noakes, Myburgh, & Schall, 1990) that showed
Results Effect of TeStmg Protocol on TTE peak treadmill running velocity to be a better predictor of endurance
16 performance that VO,y,x Both vITE and VO,,;,x showed higher
lations with MT in UNADJ.
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