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Abstract

The purpose of the present study was to review the various methods, invasive and non-
invasive, used to determine the anaerobic threshold (AT). AT is the highest training
intensity at which energy requirements of exercise are mainly provided by aerobic
energy system, and the rate of lactate appearance in the blood is equal to the rate of its
disappearance. Since AT occurrence is associated with aerobic to anaerobic transition, it
has a significant contribution to precise exercise prescription, determination of exercise
intensity domains, and prediction of performance especially in endurance athletes. Direct
measurement of blood lactate is the most accurate method to determine AT, but it has an
invasive, expensive nature, and exposes the subject to the risk of blood sampling. As a
result, other non-invasive methods that mainly use heart rate and workload relationship
or changes in respiratory indexes such as oxygen and carbon dioxide equivalent, have
been considered to determine AT. Meanwhile, the traditional method of AT
determination usually uses two-phase models (one turn point). While recent researches
prefer three-phase models (two turn points) which provide better estimation of training
domains compared to those offered by two-phase models. Therefore, the present study
intends to review the most common methods of AT determination and their pros and
cons in the form of two- and three-phase models.
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Extended Abstract

Background and Purpose

Anaerobic threshold: Concept and application

Anaerobic threshold (AT) is the highest training intensity at which energy
requirements of exercise are mainly provided by aerobic energy system, and the
rate of lactate appearance in the blood is equal to the rate of its disappearance
(1). Since AT occurrence is associated with aerobic to anaerobic transition, the
physiological variables corresponding to AT including oxygen consumption
(O,), heart rate (HR), and workload are extensively used for exercise
prescription especially in endurance athletes. Direct measurement of blood
lactate is the most accurate method to determine AT, but it has an invasive,
expensive nature, and exposes the subject to the risk of blood sampling (2). As a
result, other non-invasive methods that mainly use heart rate and work load
relationship or changes in respiratory indexes such as oxygen and carbon
dioxide equivalent, have been considered to determine AT. The purpose of the
present study was to review the various methods, invasive and non-invasive,
used to determine the AT.

Two phases' Models of AT Determination

Lactate Threshold

AT can be determined by monitoring the changes in blood lactate and so it is
called lactate threshold (LT). Since lactate is the final product of anaerobic
glycolysis, the increase in blood lactate levels represents the enhanced activity of
anaerobic glycolysis. Because the occurrence of AT is due to the enhanced
activity of anaerobic glycolysis, monitoring the changes in blood lactate can be
used for LT determination. This invasive method requires repeated
measurements of blood lactate concentration and LT can be defined as 1) the
non-linear rise in blood lactate concentration and the point of abrupt increase in
blood lactate level (Fig. 1A) (3), 2) a specific blood lactate cut-off value, such as
2.0, 3.0, 3.5 or 4.0 mmol-I-1 (Fig. 1B) (2), 3) the resting value of blood lactate
plus a specific value such as 1.5 mmol-I-1 (Fig. 1C) (4). These are the most
accurate methods to determine AT. However, whether lactate is measured in
arterial, capillary or venous blood will also affect the results.

Respiratory Threshold

AT can also be determined using the changes in respiratory gas indexes. In this
case, continuous measurement of respiratory gases and definition of a
respiratory anaerobic threshold (RAT) is required for determination of the AT.
The non-metabolic CO, production in response to buffering of lactate produced
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in anaerobic glycolysis is the basis of RAT determination. This non-metabolic
CO, production changes the relationship between inspired O, and expired CO,
during incremental

Fig 1. Different invasive and non-invasive methods of anaerobic threshold
estimation.
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exercise test and it can be used for RAT determination (5). In this non-invasive
detection method, AT is defined as the point where 1) there is an intersection of
the two straight lines determined by linear regression explaining VCO, vs. VO,
(Fig. 1D) (5), 2) there is a non-linear rise in ventilation equivalent for O, (EqO,)-
workload which is not associated with the increase in ventilation equivalent for
CO; (EqCO,) (Fig. 1E), 3) respiratory exchange ratio (RER) abruptly rises, or
where RER exceeds a certain defined cut-off value, such as 1.05 (Fig. 1F).
These non-invasive methods are accurate enough to detect the AT; However,
visual inspection required for AT detection may result in bias in the
interpretation of AT. So, computerized analysis of data may overcome this
problem.

There are also some other non-invasive methods that use blood gas parameters
such as arterial oxyhemoglobin saturation (SpO,%) and O,-pulse for AT
detection (6, 7). In these cases, AT is defined either as the abrupt decrease in
SpO,%-workload or turn point in O, pulse-workload curve during incremental
cycling testing (Figs. 1G, H). The change in acidity resulting from starting
anaerobic metabolism associated with AT- which results in dissociation of O,
and hemoglobin- is used as a basis for detection of AT by monitoring SpO,%
changes (7). O, pulse is defined as the ratio of oxygen consumption to heart rate
and expresses the volume of oxygen ejected from the ventricles with each
cardiac contraction. Different relationships of VO, and HR with workload
during progressive exercise are used for AT detection by monitoring the O,
pulse (6). At intensities above AnT, HR consistently demonstrated an increase
with a time constant that was appreciably faster than that for O,. These
relationships have, as a necessary consequence, a hyperbolic increase in 02
pulse during the later stages of vigorous exercise.

Heart Rate Deflection Point

The relationship between HR and workload can also be used for non-invasive
determination of AT. The heart rate deflection point (HRDP), originally
proposed by Conconi et al., is a downward or upward change from the linear
HR-work relationship evinced during progressive incremental exercise testing
(Fig. 1I) (8). Conconi et al. suggested that HRDP occurs coincidently with the
AT and therefore could be used as a noninvasive method to detect AT. Other
studies proposed the maximal-deviation method (Dy.x) to determine the HRDP
(Fig. 1J). In this method AT is considered as the point on HR-workload curve
that is furthest away from a straight line connecting the first and last points of
that curve (8).

Three-Phase Models of AT Determination
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The traditional methods of AT determination usually use two-phase models (one
turn point). While recent researches prefer three-phase models (two turn points)
which provides better estimation of training domains compared to those offered
by two-phase models. In this model, no matter what kind of noninvasive method
is used, two turn points are determined on the chart (Fig. 1K). The first-turn
point (TP1) for lactate, the VE/VO2, RER, SpO,%, O2 pulse, and HR is
equivalent to aerobic threshold originally defined as the “anaerobic threshold by
two-phase models. The second-turn point (TP2) for lactate, the VE/VO2, RER,
SpO,%, O2 pulse, and HR is equivalent to the maximal lactate steady state
(MLSS) which is significantly higher than the first-turn point and mostly
described as the “anaerobic threshold”. As three-phase models define the target
training zones more precisely, this somewhat sophisticated approach is expected
to be superior to two-phase models for AT prediction. In addition, this definition
of target training zones by means of turn points is necessary for exercise
prescription in endurance athletes who need to train at different intensities.

Article Message

Several invasive and non-invasive methods have been used for prediction of
anaerobic threshold and each method has its own advantages and disadvantages.
Among these methods, VE/VVO, method is non-invasive and simple to perform,
and based on the literature seems to the best method for estimation of AT.
Meanwhile, three-phase models are more superior to two-phase models for AT
prediction and using this model is recommended to coaches and athletes.
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Figure 3- Different methods of determination of the respiratory threshold (A:

Oxygen equivalent method, B: V-slope method, C: Respiratory exchange ratio
method)

V-slope (o9,
Dgd oo oolaiwl jleodile,s ji3,5 sl pie VO2 4 VCO2Z s s 5l g,y ol o
P VO02 5 Y j920 0 VCO2 logai g oo yed o0, ;0 1, V02 4, VCO2 cos o5 K
b bslen o AT 5l Fomk ol (s s loges T Jol> w0gdioe i X jgme
lcwl Vel iy oS hlen o ksl o bas ol a5 Jjo oo Vel S oS
S golie e CO2 g £9,0 ol Solojanseis 2o, o g, 5l eolaiwl b las ool joss

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



vo Bl (3 Baw g 93 39 1 GBI p1 (55950 (2850

VCO2VO2 s ;5 a5 ol s i, Gigr &5 SoSVorul adis,il 4 gy 5o
L0 YY-YY1) (B o as b,lels JS) 098 o0 0dnlie

RER") (qundis Jo s b

&l plKe RER .oiS oo ool (g5lon o &liw] fpnd & (omdS JoLS s 5l by, o]
e b yme ST e 3 (s ) 0Bt S aeSTes o Cared woaylh Sy Celled
Cevmsdy (53lg0 oliuss e Cgus aSST S a4y (g3lgm 0 il o5 sloads ;o Jyare j5boay
et J slacas jo aS ol Jls jo ol o0 ) 05 wlss axly I 2SS RER el o5
s Ju Sl odlae o Slaaeg S legcs g Gl ohs, Ll gsle bl |
5 5VL 4 RER o «Slgilian o CO2 (381 o) Jliods 5 Seas Vol ity sy colado
FEVO LAY GIRER polie o) )0 a5 labaii ¢ coxled e Shg, cnl 5o lioe lB) 021y
as 8ilads JS2) 09 0 Bl glem g Bliwl (lyiea S ool il axly 5 a5 09,000
3VT g8 oslul la g, 5l eolaiwl g 00,15 aSul azgs j95,0 &S5 (V) YY) (C cwad
Ngd oo 03) e V-SIOPE g, 5l oolitul b a5 canl sla by, 5l i leges RER (3,1
(YY) el Lo RER 5 V-SI0p8 Sys)gs jud o9, 99 s SLSY Bl pogio o Jlmipell

Sorm ol Sologen (slo el 5l eolinal L (g5l o Bl (yans

02 pulse

Ol 9 09800 iy pad 8 (lpd 2 )0 eSS (5nST ooe lgiedy ST (A
Sealusgen psite (ul S oo Gl (S Jotew 8595 50 | QB BLAT o b (29,5 eS]
Gy Sulled plla g5 (S palea (5P e (55 OieS BB 5 Slps x> Jgaze
Blol g8y ol 50 s j3550 Sleil b i) Gl Bamo eSS Tzl el
8 (slasys o Sl @ G, b Vgons (63lam 0 Bl £535 (YT Y0) wlelan (53lsm 0
O5eS| B polie (rizman Cawl olyen il S Gl 4 (B 12 ple Wlgioe o8
Gl silsnig Bl B L L csliie (as &jgots (355 (5l (S5 095
b a5 ol o] il Jds (F8) ool olyan oS Ligl3dl b SbSY &bl 5 ax 5 ol oo
L polie &y (5 palowm (553 pe 93 ST (aSlh (o ped Aty polie 4 (MBS

1. Respiratory Exchange Rati
2. 02 pulse = VO2/HR

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


file:///D:/AppData/Local/AppData/Local/Nikooie%20R,%20Gharakhanlo%20R,%20Rajabi%20H,%20Bahraminegad%20M,%20Ghafari%20A.%20Noninvasive%20determination%20of%20anaerobic%20threshold%20by%20monitoring%20the%20%25SpO2%20changes%20and%20respiratory%20gas%20exchange.%20J%20Strength%20Cond%20Res.%202009;23(7):2107-13
file:///D:/AppData/Local/AppData/Local/Solberg%20G,%20Robstad%20B,%20Skjّnsberg%20OH,%20Borchsenius%20F.%20Respiratory%20gas%20exchange%20indices%20for%20estimating%20the%20anaerobic%20threshold.%20Journal%20of%20sports%20science%20&%20medicine.%202005;4(1):29
file:///D:/AppData/Local/AppData/Local/Laffite%20L,%20Mille-Hamard%20L,%20Koralsztein%20J,%20Billat%20V.%20The%20effects%20of%20interval%20training%20on%20oxygen%20pulse%20and%20performance%20in%20supra-threshold%20runs.%20Archives%20of%20Physiology%20and%20biochemistry.%202003;111(3):202-10

V¥ )LQ.] HY O)Lo.& Alg 0399 ‘&5‘55)5 ‘539]9;).‘.9 \'44

Sl odanals b oS ol sl sgzy o] et Gl IG5 090 Suo3 09>
Gl 5l i gloas jo g Sl Gljld (ped e 50 (Brae OS] Cueal
2 Sz 0gdoed laal (Fpalon (55 5 (57 DS et B4 3l sl
Sox Ao g Spdice el (3leaier sebar G S5 il saes (g I Sl us ol
Ole (e ;0 CwnSs Al g9y (I palie (I P (93 DT 5 s > a5
5 lie S jlsp e BLLT L Joles slacad ;5 a5 canl SlSe LIS L g oy5enST Las
S50 50 Ol Ghsy ol 3l ogdleas 098 edlinul (asls ul (i Jole plsiear il oo
SLas (HRDP) 1) s ol s cnSis dlais a5 swalinal oL1555,0 10 o 5lsn e Sl
Ol (Fomin ;0 CaSs dhi pegd  (Sod 35250 Slalllas (xdly,o 0,5 colaiul e o
Caod o 8Lt JSE) 08 oo lad bl sy Blu] L (Solse ) )L 5 55T LA
(Y5-YF) B

(SPO2) ¢y ausST 31 rmiglS 9o gLl (g

orslS yam ST line am0ca L 1y (5ST 5l mslSsen glidl Gliee %SPO2' a5
olple s oo olus |y (Partial Arterial 02-Pa02) b ,o 9> eS| axp0 gL ,o
Oped IS 50 ohgas el ul (O FYF YV .YA) 008 oolisu] conS g (aeid (sl p Wlgi oo
S S ln ollew al 2 SPOZ et ls 5 Cunl Coal 3l (Bgpe- (8 ol lon
lyys sls Suop bl oY Gkl gdy b SPO2 asls 2ol (8) 358 oo osliiul
033 PH a8 5 Lad (al3l o ol pd (ST lgiomn 8Bt gl gan 51 (30T ablor
Cilaze PH zals Ldoay i BT b Jobee slcad b cpyed e o ol soed
oeplie £o,0 51 3l Aol sl aloe LialS SPO2 olie (SaSYorul il
S OmaST pdla; coge g 035 (o0 nd |y Gsligen 5 ST G ST 9w Sl0
SPO2 JeSL (2als 5 PH i b s5lso e pdsilio €955 aSLmilil 055 oo (slS5an
ez 8led JS2) 05 eslizul jlsm g Blisl cozlei né Jlne sl O 51 Olsise woenl olon
(YE TV YA) A Coand

1. Arterial Oxyhemoglobin Saturation
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Figure 4 - Methods of determination of anaerobic threshold using cardiovascular

hemodynamic and blood parameters (A: SPO, method, B: O2-pulse method)
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1. Heart Rate Deflection Point
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Figure 5- Methods of determination of anaerobic threshold using heart rate (A:
Concanian method, B: Dmax method)
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1. Turn Point Model
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