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Abstract - Aims: To determine lactate threshold (LT) by three different methods (visual inspection, algorithmic
adjustment, and Dmax) during an incremental protocol performed in the leg press 45° and to evaluate correlation and
agreement among these different methods. Methods: Twenty male long-distance runners participated in this study.
Firstly, participants performed the dynamic force tests in one-repetition maximum (1RM). In the next session, com-
pleted an incremental protocol consisted of progressive stages of 1 min or 20 repetitions with increments of 10, 20, 25,
30, 35, and 40% 1RM. From 40% 1RM, increments corresponding to 10% 1RM were performed until a load in which
the participants could not complete the 20 repetitions. A rest interval of 2 min was observed between each stage for
blood collection and adjustment of the workloads for the next stage. Results: Our results showed no significant differ-
ence in relative load (% 1RM), good correlations, and high intraclass correlation coefficients (ICC) between algorithmic
adjustment and Dmax (p = 0.680, r = 0.92; ICC = 0.959), algorithmic adjustment and visual inspection (p = 0.266, r =
0.91; ICC = 0.948), and Dmax and visual inspection (p = 1.000, r = 0.88; ICC = 0.940). In addition, the Bland-Altman
plot and linear regression showed agreement between algorithmic adjustment and Dmax (1> = 0.855), algorithmic
adjustment and visual inspection (1 = 0.834), and Dmax and visual inspection (r* = 0.781). Conclusion: The good
correlation and high agreement among three methods suggest their applicability to determine LT during an incremental
protocol performed in the leg press 45°. However, the best agreement found between mathematical methods suggests
better accuracy.
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Introduction

The maximal lactate steady state (MLSS) is considered a
physiological benchmark for the evaluation and prescrip-
tion of endurance training intensities'. A method used to
estimate MLSS is the blood lactate concentrations (BLa)?,
called lactate threshold (LT), determined at the highest
constant workload, in which during a maximal incre-

mental protocol” is achieved a maximum balance between
lactate production and their clearance rates in the blood*™°.

Currently, some literature reviews have suggested
that resistance training can improve running economy,
muscle power, and performance in long-distance run-
ning7‘8. In this line, Sedano, Marin, Cuadrado, and
Redondo’ found significant performance improvements in
long-distance runners who performed concurrent training,
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i.e., resistance training with 40% 1RM combined with tra-
ditional endurance training. A literature review high-
lighted that resistance training performed at LT intensity
can lead to simultaneous improvements in cardior-
espiratory endurance and muscle strength'®. Thus, it
seems that the combination of traditional endurance train-
ing and resistance training may be an interesting training
strategy for the long-distance runners’™.

Traditionally, two or more constant load tests are
considered as the “gold standard” for the MLSS determi-
nation in cyclic exercises’. However, due to the time-con-
suming during evaluations™, these tests are replaced by
single session tests”, presenting validity and reproduci-
bility’. Although some studies have already verified a
steady-state in resistance training performed at LT inten-
sity'"!?, LT is generally estimated through the visual
inspection method®'*'* and mathematical models''*'*!5.

The LT determination in resistance training follows
the same parameters used during cyclic exercises, in
which BLa are firstly plotted as a function to the exercise
intensities or workloads. In the visual inspection method,
experienced researchers determine LT at workload in
which BLa begins to increase exponentially'*'®. The
algorithmic adjustment method uses two linear regression
segments assigning the point of intersection between these
two segments as LT'"'*!”. The Dmax method developed
by Cheng et al.'®, LT is determined in the longest perpen-
dicular distance between the curve originating by third-
order polynomial adjustment and the linear regression
line!>. However, when mathematical models were com-
pared to the visual analysis method, some discrepancies
are verified in the workload in which LT was deter-
mined'®, causing doubts about which model to adopt for
the resistance training prescription.

Thus, considering that the use of mathematical algo-
rithms can facilitate, automate and/or semi-automate of LT
detection'” when compared to the visual inspection
method, the main aim of this study was to determine LT by
three different methods (visual inspection, algorithmic
adjustment, and Dmax) during an incremental protocol
performed in the leg press 45° and to evaluate the correla-
tion and agreement among the different proposed meth-
ods.

Methods

Participants

Twenty male long-distance runners ([mean + SD]
age =29.2 + 3.2 years; relative body fat = 11.33 + 2.62%;
height = 1.74 + 0.10 m; body mass = 75.44 + 4.38 kg;
time of 5,000 m = 23 min and 37.8 s + 2 min and 21 s;
Viax = 15.26 + 2.32 km.h™'; IRM leg press 45° =369 +
20 kg; training time = 2.46 + 0.62 years) were recruited to
participate in the study. The sample dimension analysis
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was performed using G-Power package®, under a frame-
work assuming an estimation error of a = 0.05, power =
90% (required effect size = 0.35), having 3 measures
(methods), an (n = 19) was necessary to reach statistical
power of 90.4%. Participants should meet the following
criteria to be included in the research: (A) absence of
bone, muscle, and cardiovascular pathologies; (B) reg-
ularly participation in long-distance running on the road
competing at 5,000 m and 10,000 m; and c) previous
experience in the leg press 45° and have performed such
exercise at some moment in their sports season. Before the
beginning of procedures, an approval opinion was obtai-
ned through the Ilocal ethics committee (CAAE:
53675416.3.0000.5148) in accordance with the Declara-
tion of Helsinki. Posteriorly, participants signed a consent
form for their participation in the study.

Experimental design

To verify the effect of incremental loading protocol
on blood lactate responses during leg press 45°, we estab-
lished four individual test sessions separated by a 48-h
interval. To perform these sessions, we previously instruc-
ted participants to abstain from vigorous physical exer-
cises and to avoid alcohol and caffeinated beverages 48-h
interval before the tests. In the first session, participants
received previous instructions on all procedures that
would be adopted during the tests and we evaluated them
concerning body mass, height, and fat mass. In the second
and third sessions, participants performed the dynamic
force test and retest in one-repetition maximum (1RM). In
the fourth session, we randomized the participants to col-
lect blood samples during the incremental protocol of
loads performed in the leg press 45°.

Anthropometric evaluation

For the sample characterization, we collect the data
of height and body mass through a scale with a stadi-
ometer (110 FF, Welmy®, Santa Barbara d'Oeste, Brazil).
We estimated the fat percentage using a bioimpedance
device (Quantum BIA-II, RJL Systems®, Clinton Town-
ship, USA). Electrodes used for the collection were tetra-
polar type (Bio Tetronic, Sanny®, Sdo Bernardo do
Campo, Brazil).

Dynamic force test at one-repetition maximum

The 1RM protocol followed the recommendations
proposed by National Strength and Conditioning Associa-
tion’'. The 1RM test was applied after a warm-up series
with lighter loads performed in the specific exercise. The
first attempt corresponded to 50% of the estimated 1RM
based on the load conventionally used by participants to
perform their training between 8 and 10 maximum repeti-
tions in the leg press 45°. Thereafter, participants had
about 2 and 4 min of passive recovery until they felt fully
recovered from the previous attempt. Based on the pre-
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vious attempt and considering participant's and evaluator's
perception the weight was changed in every exercise per-
formed. The determination of 1RM lasted up to five
attempts with all procedures being equally adopted during
the 1RM test and retest.

Incremental protocol in the leg press 45°

For the incremental protocol in the leg press 45°, we
randomized participants to perform progressive stages of
1 min with a total of 20 repetitions. The incremental pro-
tocol was performed at relative intensities of 1RM starting
from 10% with the workload being progressively
increased at the end of each stage to 20, 25, 30, 35, and
40% IRM. From 40% 1RM, increments of 10% 1RM
were performed until the participants could not complete
the 20 predicted repetitions for each stage'''?. A rest in-
terval of 2 min was observed between each stage for blood
collection and adjustment of the workloads for the next
stage'""!?. The movement was controlled through a digital
goniometer (GN360, Miotec® Equipamentos Biomédicos
Ltda, Porto Alegre, Brazil) and movement speed was con-
trolled through a digital metronome (DM90, Seiko®,
Tokyo, Japan), being adopted 1 s for the concentric phase
and 2 s for the eccentric phase, totaling 3 s or 1 repeti-
tion'"'®. Within the incremental protocol, the equipment
was adjusted to the participants with the trunk horizontally
tilted at 45° and knees and hips flexed at 90°, with the
movement knees and hips extended and returned to the
initial position after flexion. During the test leg press 45°
and diverse weight plates (Physicus®, Auriflama, Brazil)
were used.

Blood lactate collection

A blood sample was collected by a puncture in the
earlobe 1 min after each stage in the LP 45°, by a trained
technician after asepsis using lancets (Accu-Chek Safe-T-
Pro Uno, Roche®, Hawthorne, USA) and disposable
gloves (Cremer®, Blumenau, Brazil). The first drop of
blood was discarded and 25 pL of capillary blood was col-
lected shortly thereafter using reagent strips for collection
(Accusport BM - lactate, Roche®, Hawthorne, USA). A
validated and reliable portable lactate analyzer (Accu-
sport, Boehringer Mannheim - Roche®, Hawthorne, USA)
was used”” and calibrated with different standard solutions
of known lactate concentrations (2, 4, 8, and 10 mmol.L'l)
before the tests.

Determination of lactate threshold by visual method

To determine the LT by visual inspection (LTy), the
lactate curves were plotted individually for each partici-
pant and two independent researchers performed the ana-
lysis of these curves. In case of a discrepancy between
them, the evaluation of a third researcher was requested.
We defined the LTy as the exercise intensity in which Bla
began to increase exponentially'*'¢ (Figure 1A).
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Figure 1 - Determination of LT by inspection visual method (Figure 1A),
Dmax method (Figure 1B), and algorithm adjustment method (Figu-
re 1C) during incremental protocol performed in the leg press 45°. The
data refer to one of the participants.

Determination of lactate threshold by Dmax method

The LT was determined by means of individual
plots, with BLa being plotted as a function of exercise
intensities through the mathematical model Dmax



(LTpmax)- Subsequently, a third-order polynomial adjust-
ment was performed through a linear regression using the
two extremes of the curve. We defined LTp,,« as the point
of greatest distance obtained perpendicularly from the line
originated by the linear regression and the curve of the
polynomial equation'® generated with MATLAB software
(9.0, MathWorks, Natick, MA, USA) (Figure 1B).

Determination of lactate threshold by algorithm
adjustment

The LT was performed according to the procedures
proposed by Orr, Green, Hughson, and Bennet'” through
the algorithm adjustment method (LTaA)'’. The LT was
determined through computerized two-segment linear
regression by fixing the two linear regression equations
emerging for each segment at the point of intersection
between a plot of blood lactate concentration and relative
intensity. For the calculation we used the MATLAB soft-
ware (9.0, MathWorks, Natick, MA, USA) (Figure 1C).

Statistical analysis

To verify the normality and homogeneity of the var-
iances Kolmogorov-Smirnov and Levene tests were adop-
ted. Attended the assumptions of normality, homogeneity
of variances, and sphericity, the One-Way ANOVA test of
repeated measurements with Bonferroni's Post-Hoc was
applied to compare LTy, LTpnax, and LT 4 in the relative
load (%1RM). Pearson's test and intraclass correlation
coefficient (ICC) were applied to verify the correlation
and reproducibility among the LTy, LTpmnax, and LTpx.
The correlation interpretation followed the classification
criteria proposed by Hinkle, Wiersma and Jurs™: 0 - 0.3
negligible; 0.3 - 0.5 weak; 0.5-0.7 moderate; 0.7-0.9
strong and 0.9-1.0 very strong. The ICC was determined
from the following classification criteria: < 0.4 poor; 0,4 -
< 0,75 satisfactory; > 0.75 excellent, proposed by Ros-
ner’*. To evaluate the agreement among LTy, LTp.x, and
LT4 the visual analysis of the Bland-Altman plo‘[25 and
linear regression analysis were used, being considered a
bias of 5%. As statistical evidence, the significance level
(o) of 5% was adopted, being the statistical analyses per-
formed with SPSS software (25.0, IBM, Armonk, USA)
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and figures performed with Prism8 Software (GraphPad®,
San Diego, USA).

Results

ICCs for the 1RM test-retest was between 0.940 and
0.960, being classified as excellent. Our results did not
show significant difference in the relative load (% 1RM)
between LTas and LTpyax (p = 0.680), LTaa and LTy
(p = 0.266), and LTpy,.x and LTy (p = 1.000). The ICC
was classified as excellent between LTsa and LTpmax,
LTaa and LTy, and LTpax and LTy,

Visual analysis of the Bland-Altman plot during leg
press 45° in relative load (% 1RM) demonstrated agree-
ment between LTas and LTpnax (Figure 2A), LTas and
LTy (Figure 2B), LTpmax and LTy (Figure 2C), with 95%
of data being within the confidence interval + 1.96.

Linear regression analysis plot during leg press 45°
in relative load (% 1RM) demonstrated a strong relation-
ship LTaa and LTpna.x (Figure 3A), LTpon and LTy
(Figure 3B), LTppax and LTy (Figure 3C).

Discussion

The findings of the present study showed no statis-
tical difference in relative load (% IRM) where LT was
determined among three different methods (visual inspec-
tion, algorithmic adjustment, and Dmax) during the incre-
mental protocol performed in the leg press 45°. Moreover,
visual inspection, algorithmic adjustment, and Dmax
methods showed correlation and agreement for LT deter-
mination.

Mechanisms responsible for LT occurrence in incre-
mental protocol performed in resistance exercise can be
partially elucidated by hemodynamic and physiological
factors'! that are more prominent as the external load is
increased'*?® and hence the intensity of effort increases.
In this respect, some studies have demonstrated that exer-
cise intensities above 30% 1RM''*!'%1%-27 induced
increased muscle tension, specifically during the con-
centric phase of contraction, compressing the peripheral
vascular system28 and causing a reduction in perfusion
flow to the active musculature'*?®. This event collapses

Table 1 - Mean values (+ SD) relationship of relative load (% 1RM) among the LT 5, LTppmax, and LTy

Relative load (% 1RM) Relative load (% 1RM) Correlation Correlation classification Correlation significance ICC
LTaA LTpmax
34.08 +5.62 33.42 + 6.04 r=0.92% Very strong p =0.001 0.959
LTxa LTy
34.08 + 5.62 33.05+6.15 r=091* Very Strong p =0.001 0.948
LTpmax LTy
3342 +6.04 33.05 +6.15 r=0.88* Strong p =0.001 0.940

< 0.01* correlation between LTy and LTppax, LTaa and LTy, and LTp 0, and LTy,
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Figure 2 - Agreement between LTy and LTp.. (Figure 2A), LTy and
LTaa (Figure 2B), and LTpax and LTp 4 (Figure 2C).

blood capillaries®’, causing a blockage®® and reducing the
availability of oxygen to the muscle', as well as in VO,
kinetics*'*2. The muscle hypoxia scenario enhances anae-
robic metabolism for ATP production by anaerobic glyco-
lysis. In contrast, under intensities below 30% 1RM some
studies showed behavior virtually steady in the BLa kinet-
ics'*'*. Under steady conditions, the lactate can be recap-
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Figure 3 - Linear regression analysis between LTy and LTpy.y (Figu-
re 3A), LTy and LT (Figure 3B), and LTpax and LTa 4 (Figure 3C).

tured by other muscles, organs, and tissues’® with the
energy demands almost fulfilled by aerobic oxidative
metabolism. On the other hand, the progressive increase of
the external load induces a sharper production of lactate
leading to its greater accumulation in the blood*®. In par-



allel, Myers and Ashley™ reported that the recruitment of
different motor units and fiber typologies are associated
with the production of the enzyme lactate dehydrogenase.
Therefore, during an incremental protocol performed in
resistance exercise, greater recruitment of type I (oxida-
tive) fibers initially occurs and gradual exhaustion of aero-
bic metabolism is followed by greater recruitment of type
IIx fibers (glycolytic)™'"'*'*!° providing an increase in
the contribution of anaerobic metabolism. Recruitment of
type IIx motor units stimulates the activity of the enzyme
lactate dehydrogenase®*, supporting the production of lac-
tate and causing its exponential increase in higher effort
intensities'*. Thereby, the reduction in oxygen availability
caused by a restriction of blood flow in capillaries pro-
vides an increase in the participation of the glycolytic
pathway, allowing the determination of the transitional
moment among different metabolic energy pathways''"
and therefore the determination of LT.

Here our data showed that LT was found between 33
and 34% 1RM, regardless of the method used for the
determination. Thus, it appears that LT occurs in higher
workload percentages in physically active individuals,
such as practitioners of resistance training (36.6% 1RM)?’
and long-distance runners (38.3% 1RM)'> when compared
to special populations, such as healthy elderly (30%
1RM)'*!'* and patients with type 2 diabetes (31% 1RM)'®.
In addition, the workload found in our study and by Cam-
pos et al.'>, should be considered for the resistance train-
ing prescription at LT intensity in long-distance runners to
improve cardiorespiratory endurance and muscle strength
simultaneously.

Garnacho-Castafio et al.'? found similarities in the
respiratory exchange rate during two different constant-
load exercises, half-squat and cycle ergometry in the
workload corresponding to the LT. However, the decline in
mechanical capacity measured through the counter-
movement jump (CMJ) observed only during half-squat
demonstrated a loss of muscle contractile capacity™>.
Thus, the authors suggested that the performance of resis-
tance exercise in the intensity LT could be an ideal
approach for the development of cardiorespiratory endur-
ance and muscle strength, simultaneously'®. Although
some reviews have already highlighted the importance of
resistance training for improved performance in long-dis-
tance runners ", only one study observed improvements in
running performance using a combination of endurance
training associated with resistance training at 40% 1RM’,
i.e., close to LT'. In this way, the applicability of work-
loads close to LT in resistance training associated with
endurance training has yet to be tested in long-distance
runners.

Regarding the comparison among the methods used
to determine LT in the leg press 45°, when the algorithm
adjustment and visual inspection methods were compared,
our results were consistent with the literature™'® where we
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found a very strong correlation (r = 0.91), excellent ICC
(0.948), agreement through Bland-Altman plot, and linear
regression (¥ = 0.834). Similarly, Dmax and visual
inspection methods demonstrated a strong correlation
(r = 0.88), excellent ICC (0.940), agreement through
Bland-Altman plot, and linear regression (r* = 0.731). The
mathematical methods, algorithm adjustment, and Dmax
also showed a strong correlation (r = 0.92), excellent ICC
(0.959), agreement through Bland-Altman plot, and linear
regression (r* = 0.855). Some studies in the literature have
suggested a steady-state in ventilatory parameters in resis-
tance exercise performed at LT intensity by the algorithm
adjustment method'"'. Thus, although there is no “gold
standard” to evaluate MLSS in resistance exercise, the
good correlation and high agreement between the algo-
rithm adjustment and Dmax methods may suggest the
reliability of the use of Dmax to determine LT in resis-
tance exercise. However, further studies should be con-
ducted to confirm this assertion as the populations
included in the investigations differ in training status, age,
and sports activity, making it impossible to use these
methods interchangeably”.

Therefore, mathematical methods for LT determina-
tion such as algorithm adjustment and Dmax provide more
evaluation accuracy™'®, favoring LT localization at any
workload®. On the other hand, despite the reliability found
in our study, the visual inspection method is more sub-
jective and requires prior experience of the investigators
for the analysis®'®. Additionally, the visual inspection
method has a limitation as it can only be determined on the
workload at which BLa was measured”.

A limitation of the study corresponds to the fact that
we did not verify the BLa steady-state during a constant
load protocol of 30-min at LT intensity''"'>. While there is
no “gold standard” to determine MLSS in resistance train-
ing, these procedures could further endorse our findings.
Another limiting factor that still needs to be studied is the
systematization of workload increments. Although the
specific literature has shown that LT occurs below 40%
IRM'-121527 and the protocols are designed to have
higher sensitivity below that workload, we suggest that
future studies will determine and compare LT during pro-
tocols that have different increments in the workloads.

Conclusion

In conclusion, our study demonstrated that the three
methods (visual inspection, algorithmic adjustment, and
Dmax) evaluated determined LT at similar relative loads
(% 1RM). There was a good correlation and high agree-
ment among three evaluated methods suggest their applic-
ability to determine LT during an incremental protocol
performed in the leg press 45°. In addition, the workload
found in the present study can be used for the resistance
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training prescription to improve cardiorespiratory endur-
ance and muscle strength in long-distance runners.
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