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_Objective. Endurance training prescriptions are often

based on laboratory measurements of physiological ref-

erence points, such as the ventilatary threshold: (VT).
This. study evalusted:the relationship between a simpie

‘surrogate of ‘the: UT; the- Talk Test (TT). and objective’

nmeasures of VT in well-rained individuats. ‘
" Desigh: This. was 3 comparative. study of ihe oxygen

consumgtion (VO] in refergnce 1o TT. VT and respirato- -

1y compensation thréshold (RCT). Wel-trained adults
V= 16} complatad.a habituation session, and two max-
_imal exercise tests. One test used gas analysis to iden-
tify VT ang RCT,During:a second, identica!l protocol

(during which we assumed an idéntical’ metabolic.

response); at ihe end of each exercise stage. subjects
fead a standard paragraph and reported their ability o

_speak comfortably The VO, at VT, RCT, and the last

pbsitive, equivbcal, and negative stage of the-TT were

_MDGM. . "'v S o .
Setting. A university-based research laboratory: -
‘Results. There wore no signficant (@ < 0.05) differ-
ences betwean. the VO, at VT (2.79 £ 0.68 liminy and
gither the fast pdsitive (2.46 & 0 78 Vmin) or equivocal
(279 % 0.86 Umin) stages of the TT or between RCT
(3.38 £ 0.81 Umin) and the: negative stage of TT (3.42 =
0.84 Umin). B o -

- Conclusions. Wheh subjects can speak comfortably
they are exercising at inlensities below VT Subjects
clearly unable to speak comfortably were exercising at
or beyond RCT.
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introduction

In order for athietes 10 achieve their compettive goals. they
must train at an appropriately high intensity to provoke max-
imal training acaptations.2* V%% However, they must also
train eesily enough on recovery days to allow regeneration
priar ta the next hard training bout.” Recent evidence has
suggested that athletes have difficulty matching the training
prescriptions prepared by professional coaches. particularly
the training intensity.™ Athletes typicatty tran at too high an
intensity on coach-oesignated Tecovery' days. and at too low
an intensity on coach-designated 'hard’ days. This suggests,
perhaps, that strategies for monitoring and controlling tran-
ing intensity need to be augmented. The discontinuity of lin-
earity in either lactate accumulation or the ventilatory pattern
during incremental exercise represents 3 marker that has
proved to be convenient for controlling the intensity of exer-
cise training.'*'®3® Training prescnptions based on
these discontinuities are well tolerated and are widely used
for controlling the training of endurance athietes. In particu-
tar, identifying the heart rate associated with the lactate
threshold (LT) or ventitatory threshold (VT) provides an easy-
to-agmimister approach lo controlting training. Although the
power output at the LT and/or VT change significantly with
improvement in congitioning. there is apparently little change
in heart rate or fating of perceived exertion (RPE)™
Therefore, a single well-done training prescription based on
physiclogical thrasholds may be quite stabie.

However, evaluating LT is often confusing due to the many
critena that have been used, including fixed lactate concen-
trations of 2.0 mmol/, 2.5 mmol/l. and 4.0 mmel/t.’ Relative
criteria have also been used, such as the breakpoint of the
lactate ntensity curve, 1 mmal/l above resting concentration,
1 mmol/l above the exercise baseline, or maximal lactate
steady state. and surrogates of power oulput based on
attempts to define the maximal lactate steady state '@
Although each of these methods has been shown to have
nigh levels of validity and reliabiiity, their very numbper often
proves to be more confusing than heipful.

VT, which has relativety more consistent diagnostic crita-
ria than blood lactate-based strategies, has been shown to
be weli correiated with LT*" although there is controversy
regarding whether VT and LT are really measuring the same
thing.'” Nevertheless, VT is well related to endurance perfor-
mance’™ is well documented as an effectiva intensity for
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axercisa training,*” and is convertible ta easy-to-monior
techniques such as heart rate or perceived exertion.

The Talk Test (TT} or the ability to converse comfortably
during exercise, has been suggested as a marker for gaug-
ing exercise intensity for many years.> Since high levels of
ventilatory controf are necessary for cormfortable speech. the TT
represents a reasonably comman-sense surrogate of the VT In
non-athletic individuals, the TT has been shown o be associat-
ed with exercise intensities within  conventional
80 - 0% maximal heart rate guidelines,” and has bgen shown o
be highty correlated with VT in healthy students * heatthy adults,®
and patients with stable cardiovascular disease™ Presuming
that reasonably tight control of exercise traning intensity in more
athletic individuals is desirable,>*** the TT would appear to be
a potentially attractive tool, because of its simplicity. Accordingly,
the purpose of this study was {0 oxtend our previous observa-
tions by evaluating the reiationship between the TT and VT in
well-traingd individuals.

Materials and methods

Subjects

Sixteen well-traingd individuals volunteered to participate in
this study. On average (2 standard deviation (SD)) they were
22.8 (+ 8.2) years old, 68.3 (£ 13.7) kg in weight, and 172.5
(+ 9.5) cm tafl. All were regular exercisers who participated
in a minimum of & hours of endurance exercise per week,
About half of the subjects were active in racreational levet
sports and trained systematically (runners or triathietes).
whiie the remainder exercised as part of a personal fitness
programme. Alf subjects provided informed consent. and the
protocol was approved by.the University of Wisconsin-La
Crosse Ethics Committee.

Methods

Each subject reported to the {ab three times. including a
habituation session. an cxygen consumption (VO,) peak/VT
~ session and a TT session. Exercise was performed either on

the mil! (N = 10} or cycie ergometer (N = €) according to the
training habits of the subject. Testing sessions werg separat-
ed by a minimum of 48 hours. Subjects were asked to main-
tain a constant dietary pattarn and to avoid heavy exercise
and stimulants for 24 hours prior ta testing. None of the sub-
jects were smokers.

The habituation session was intended 10 make the sub-
jects comfortable with the respiratory apparatus and (for run-
ners) with treadmitt running, and to allow an estimation of
reasonable starting velocities. During the first testing ses-
sion, each subject was required to perform maximal incre-
mental exercise with continuous measurement of respiratory
gas exchange using open circuit spirometry (Quinton Q-Plex,
Seattle, WA, USA, with calibration gases verified Dy mucro-
Scholander). The VT and respiratory compensation thresh-
old (RCT) were identfied using the V siope technigue.” The
initial workload was individualised based on results from the
habituation session to a velocity associated with a Ralng of
Perceived Exertion (RPE) of 2 (e.g. ‘easy’} on the category
ratio (0 - 10) RPE scale. For treadmill running, the incre-
ments betweean the 3-minute stages incluged an inCrease in
velocity of 0.22 nvs until 3 RPE of 4 (¢.g. 'somewhat hard')
had been reached. Thereafter, the incling of the treadmilt

Men Women Total-
Variable (N-=9). N=T) (N = 18}
| VO, peak (irin) 400 2QE7 2785037 34T 4083

beit was increased 2% every 3-minute stage, until the sub-
ject became fatigued. For cycle ergometry, exercise was
performed on an electrically braked srgometer (Lode,
-Groningen, The Netherlands) with a freely chosen pedal
cadence in the range of 60 - 80 rpm. Exercise was begun
at 30 and 40 Watts andg incremented by 30 and 40 W per 3.
minute stage for fermales and males, respectively,

Cn another day. an identical exercise protocol was com-
pleted without use of the respiratory apparatus. We made
the assumption that the pattern of increase in metabalic van-
ables was identical to the test during which respiratory
metabolism was measured. Given the well-established reli-
ability of the metabolic and haemodynamic response to
incremental exercise, we felt that this was a conservative
assumption. In order to provide a standardised stimulus for
the TT, subjects were asked to recite the ‘Pledge of
Allegiance’ during the {ast 30 seconds of each stage. This is
a 3i-word paragraph that is widely familiar o most people in
Amaerican cuiture. Additionally, a cue card was available 1o
prompt the subjects should they not know this paragraph
from memary. Immediately following recitation of the stan-
dard paragraph, the subject was asked ‘can you still speak
comfortabiy?’, to which they had the option of answering
‘ves’ (positive), ‘I'm not sure’ (squivocal), or ‘'no’ (negative).
This strategy for classifying stages of the TT is similar to
other studies from our laboratory ** The last stage at which
the subject could still unequivocally speak comfortably was
taken as the last positive stage of the TT. The first time the
subject was not entirely certain about speaking comfortably
was taken as the equivocal stage, and the first time that s/ha
definitely cuuld not speak comfortably was taken as the first
negative stage.

Statistical analysis

Repeated measure analysis of variance (ANOVA) was used
to evaluate differences between temporaily matched
responses of VT. RCT, and the three indices of the TT. When
significant (P < 0.05) differences were found, 2 least signifi-
cant difference (LSD) post hoc test was used Product
moment corrglations were used to support conclusions
drawn from the primary ANCVA analysis.

Results

The characteristics of the subjects are presented in Tabie 1.
Although the subjects were not high-level competitive ath-
letes. their well-trained status s reflected by their high VO,
peak relative to age and gender-pradicted values

TABLE |. Mean {t SD) characteristics of the subjects
guring exercise S

VO; peah (iikgimin) 5412109 46E t56 08295
% of Predicied VO, paak 11822 113 1144 £133 1154 £ 129

Maximun MR {bpm) 188 = 14 193: 6 190 £12
VT (% of v, puuk) 829 81z13 80«7
RCTY (% of VO. punk) 97 +2 97 =5 37 =2

V0. = qaygen concurmnpnn MR = neast ralw: VT vanlistory Inasnoks RET « farspaise
10rY COMDNEAton IVeSNOI: Do ~ hadls pev menule.
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There was no significant (P < 0.05) difference between
the VO, at VT (2.79 £ 0.68 limin), the last positive (2.46 ¢
0.78 vmin), and equivacai (2.79 + 0.86 ¥min) stages of the
TT (Fig. 1). The VO, at the negative stage of the TT (3.42 +
0.84 i/min) and the RCT (3.38 £ 0.81 /min) were significantly
different from ali other indices, but not from each other, The
VO, at VT was well correlated with the VQ, at the last posi-
tive (R*s 0.85). equivocal (R*= 0.91) and negative (R?= 0.97)
stages of the TT (Fig. 2), the data for the VT versus equivo-
cal stage of the TT fitting very close to the line of identity.
The VO, at the RCT was well correiated with the VO, at the
last positive (R?= 0.84), equivacal (R*= 0.87) and negative
(R*= 0.99) stages of the TT. with the data for the RCT versus
negative stage of the TT fitting very cicse to the line of iden-

tity (Fig. 3).

Y

Fig.1. Mean (£ SD) values for VO, at the VT and RCT in rels-
tion to the VO, at the various stages of the TT. Note that
the iast positive and equivocal stages of the TT are both
very similar to the VT.
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Fig. 2. Comparison of the VO, during the TT with the VO, at
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to VT, while the iast positive stage is someawhat lower and
the negative stage /s significantly greater, aithough the
correiation is high for 31l three reiationships.
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Fig. 3. Comparison of the VO, during the TT with the vo,
at the RCT. Note that the nagative stage of TT is very sim-
ilar to the RCT, while the fast positive and equivocaf stages
are significantly less, atthough the correlation is high for
all three relationships.

Discussion

The results in this group of welk-trained subjects demon-
strated that the TT can be used as a representation of exer-
cise intensities around VT and RCT, which is similar to our
findings with moderately active university students,’ seden-
tary aduls,” and patients with stable cardiovascular disease.™
Analyses of the data led to the following conclusions. First,
the ability to speak comfortably (last positive stage of TT) is
consistently observed at exercise intensities below VT
Second. the first sign of uncertainty in the ability to speak
comfortably (equivocal stage of TT) is representative of exer-
cise intensities very ciose to the VT Third, the exercise
intensity associated with a clear inability to produce comfort-
able speech (negative stage of TT) is representative of the
RCT.

The present data, along with prior studies from our labo-
ratory,*#*® demonstrate cansistent findings with regard 1o the
last positive and negative stage of the TT in relation to VT.
The last positie stage is consistantly below VT and the neg-
ative stage 's consistently beyond VT. The equivocal stage of
the TT is not as consistent, sometimes measured signifi-
cantly beyond VT, but still reinforces the pattern of increased
difficulty in speaking due to the increase in ventiiation.

In the 1960s, Holiman™ and Wasserman and Mciiroy?
indepengently demonstrated a relationship between alter-
ations in gas exchange at VT and an initial increase in arte-
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nal tactate values {ie. LT). Results from a number of studies®
suggest that changes in lactate accumulation and changes

- 1n ventilatory pattern occur at approximately the same exer-

cisa intensity. However, other data have demonstrated that
LT and VT can differ under cartain conditions and shauld not
be used interchangeably Uncoordinated shifts in LT and VT
have been seen after endurance training,"™ glycogen depie-
tion,” and in patients with McArdie's syndrome * Never-
theless. both LT and VT are known to be effective predictors
of prolonged endurance performance and both have been
shown @ be useful prescriptively.

There were socme technical issues which mught have influ-
enced the interpretation of our resuits. The methodalogy
required two lesting sessions to obtain information regarding
VO, at VT, RCT and TT, as it was 'mpractical to perform lhe
TT while wearing the respiratory apparatus. In order to
address this issue, the heart rate during the two tests at the
same exercise stage were compared, and demonstrated a
high correiation (r = 0.98) and a narrow scatter around the
line of identity. These data suggest that the requirement of
performing two exercise procedures did not infroduce a bias
into the present results. Secondly, the measurements of TT
were limited to the lfast 30 secands of each 3-minute stage.
Although many individuals expenence the inability to speak
as a loss of ability to carry on a conversation during exercise
training, we felt that the requirement 1o recite a standard
paragraph at frequent intervals was more likely to be a con-
sistent method for provoking speech than inducing a conver-
sation. Others have applied strategies for provoking a more
canversational pattern of speech.’ with results substantaily
similar 10 those obtained using our approach. We have also
used a longer (~100-word) paragraph as a provocative 100,
with results similar to the 31-word paragraph used in the pre-
sent nal.*? Lastly, aithaugh the subjects in this study were
quite weil-trained. they were not high-leve! athistes. it may
be that extrapolation of the present resufts 1o the training of
senous athletes is not justified. However. the consistency of
our results across various populations***™ suggests that the
relatonship between the TT and ventilatary markers af exer-
cise intensity is somewhat generalisable

Conclusions

in summary, the present study has compared the TT as a
surrogate of the VT as a strategy for controlling endurance
training intensity. The resuits support our hypothesis, that the
VT and equivocal stage of TT occur at a similar VO, dunng
incremental exercise. We interpret these data as suggesting
that the TT may be used as a simple and non-invasive
method by which to gauge exercise intensity during
endurance training that is substantially comparable to the VT,
Accordingly. it seems reasonable to suggest that the use of
the TT may pravide an adjunctive technique for cantralling
the intensity of training in weil-trained individuals.

REFERENCES

1. Benexe R. Anaerobic threshoid, individual anaerobre thresnold, and max-
wnal lactata steady state in rowing. Mod Scr Sports Excre 193%: 27: 863-
7

2, Bial VL, Demane A, Siawingks 4, Pavg M. Koraisziem J-P Physcat and
trating charactenstics of top-class marathon runners. Med Scr Sports

1.

12.

18.

19.

20.

2

I

22

24

28.

Exerc 2001; 33: 2089-97

. Brawner CA, Keteyian SJ. A method of guiding exercise intensity: the lalk

test. Mew Sci Sports Exsrc 1095 27: S241.

. Brooks GA. Anaerobic lhroshold: review of the concept ang dlractions for

futsra research. Med Sei Sporls Exerc 1985; 17: 22-31.

. Coen B, Schwarz L. Urhausen A, Kingerman W Control of training in mid-

die  ang ong distance running by maans of the Indmdual anaerobic
threshold. int J Sports Med 1991 12: 519-2¢

Davis JA, Vodak P, Wiimare JH, Vodak J, Kulz P Anaesbic thrashold and
maxmmal aerobic power for three mades of exercise. J Agal Physial 1976;
at1: 544-50.

Davig JA. Angerobic threshold: review of the concept and directions for
future researeh. Med Sci Sports Exerc 188S: 17: 6-18.

Dehart-Beveriey M, Foster €. Porcari JP Fater DCW, Mikar Re
Relatonship between the taik tesl and vantilatory threshold. Clin Exere
Physiol 2000 2: 34-8.

Fouer C, Scnrager M. Snyder AC. Bicod lactate and mspiralory mes-
surement of the capacity for sustained axercise. in: Maud P Fosier C,
eds. Physiologicsl Assessment of Human Fitness. Champalgn, Iit.: Human
Kinetics, 1685: 57-72.

. Foster €, Crowe MP Hoium D, ef @l. The bloodless iactaie profile. Med Sci

Sports Exerc 1995, ZT: 927-33.

Foster C. Daines £, Hector L. Snyder AC, Welsh R. Athigtic performance
in relation to training foad. Wisconsin Medicdf Journel 1996; 95: 3704,
Fostar C, Fizgemid O, Spalz P Stability of the blood lactate-heart rate
relationship in competitive athleles. Med Sei Sports Exer 1999; 34: 578-
82

. Foster €, Damcis JT, Seiler S, Perspectives on correcl approaches to

walmng. In: Lenmann M, Foster C. Gastmann U, Keizer H, Steinacker J,
eds. Cwerload, Pardormance lncompetence and Reganeration in Spor!,
New York: Plenum Press, 199¢: 27-41.

Fomtar G, Heimann KM, Esten PL, Brice G, Porcart P Differences in par-
ceptiona of traiming by couchas and athietes. South African Journiul of
Sports Madicine 2001 8: 3-7

. Geesser GA, Poole DC, Bloud laciate dunng exercise: time coutse of

training adapistions in humans. nf J Sports Med 1988; 9: 284-8.

. Hagoerg JM. Coyle EF Carroll JE, Mikler UM, Martn W, 8ro0ke M.

Exercise hyperventiigtion i galients with McArdie's disease J Apo/
Pryso 1982, 52: 9914

. Hottrman RL. Effects of tralning al the ventilstory thrasho'd an the ventila-

lory threshold and performance in traned gistunce runnecs. ./ Strength
Cong Res 1999; 13: 118-23.

Haliman W. Historcal remarks on (ke deveiopment of the aerabic-anaerd-
bic threghoid up to 1966. Inr 7 Sports Mea 198S5; 8. 108-16

Hughes EF, Turner SC. Brooks GA. Effects of glycogen deplelon ang
pedaiing spead on ‘Inderub threshaold . J Appl Physiol 1982, 52: $96-
607.

Myburgh KH, viljgen &, Tergblanche S, Plusma lactats concentrations for
scif selected maxmai effort lasung th.  med Sa Sperts Exerc 2001;
33:1328, .

Peronnet F. Thicault G. Rhodes EC, McKenzie DC. Correiation deiween
verntilatory threshoid ana endurance capatiiily m marathon runnors, Med
Sci Sports Exerc 1987 19: 610-5.

Schnager DA, Philiips SE, Stoffoiano S, The simplified V-siope maethod of
detacting the gas exchange mresnold. Med S¢i Soons Exerc 1993; 25:
118004

Shafer N, Foster C. Compartson of talk test 10 ventiswry mhrasholn. ./
Cardiopuim Rensbll 2000, 20: Z8S

Stepto NK, Hawiey JA. Denrus SC, Hopking WG. Effects of differcet intyr-
val traning programs on cycling ume nal performance. Med Sci Soorts
Eacre 1999; 31: 73641

Swensgen TC, Haensh CR, Bemian L, Keler BA. Nonmvasive estmation

© of the maximal lactate steaoy atate w rained Cyclels. Med So Sporls

Erxerc 1099; I1: 742-7.

. Yoelker S, Fuuter C, Porcari JP, Skemp K, Bnce G, Baches R Retatonship

Uelween the Talk Test and ventdatory threshold in cardiac patents. Chn
Exerc Physol 2002, &: 120-3.

Wasscrman K Meliroy MB. Detecting the ihrashold of anaercbic metab-
uhwin, Am J Cartial 1964, 14, 844-52

SPORTS MEDICINE AUGUST 2002

TOTRL P.06




