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ABSTRACT

Soccer is a high-intensity, intermittent team sport that requires players to perform sprints, jumps, rapid decel-
erations, and other demanding actions. These activities necessitate excellent cardiovascular fitness, endurance, 
and strength. During a 90-minute match, players typically operate at approximately 85% of their maximum heart 
rate or 75% of their VO2max, though these values vary depending on the player’s position and role. Monitoring 
the Anaerobic Threshold (AT) is essential in planning soccer training because it helps to evaluate endurance, 
regulate training loads, and manage fatigue and recovery. Various methods exist to detect AT, including ventila-
tory thresholds and BLC-based techniques such as Dmax, Log-Log, and the Hoff method. These are implemented 
in both laboratory and field environments and adapted to individual player fitness levels, nutrition, and training 
objectives. Running velocity is a key predictor of the Maximal Lactate Steady State (MLSS), a critical marker of 
the AT. Differences in AT-related performance have been observed across age groups, with older youth players 
generally exhibiting greater endurance. Positional variations also exist, with goalkeepers displaying lower run-
ning velocities than outfield players. External influences, such as fasting during Ramadan, further underscore the 
multifactorial nature of soccer performance.

In conclusion, detecting the AT remains vital for optimizing soccer performance. By combining BLC and ven-
tilatory assessments with practical field tests, coaches can better monitor and enhance player endurance. The 
choice of method should be personalized based on age, position, and contextual factors. Future research should 
focus on refining these tools and promoting non-invasive, cost-effective alternatives that serve both elite and 
amateur athletes.

Keywords: Soccer; Football; Blood Lactate Concentration; AT; Lactate Threshold; Maximum Lactate Steady State 
(MLSS)

Abbreviations: AT: Anaerobic Threshold; BLC: Blood Lactate Concentration; MLSS: Maximal Lactate Steady 
State; LT: Lactate Threshold; VT: Ventilatory Threshold; LE: Lactate Exchange; CVRT: Constant Velocity Running 
Test; SCT: Second Incremental Test; ET: Exercise Tests; VI: Visual Inspection

Introduction
Soccer is among the most widely practiced sports globally, de-

manding a combination of aerobic and anaerobic fitness, strength, 
speed, coordination, and tactical understanding. Performance hing-
es on both individual technical ability and collective team strategy. 
Over the years, the sport has evolved significantly through the inte-
gration of advanced technologies, scientific insights, and multidisci-
plinary collaboration. Soccer is classified as a high-intensity inter-
mittent team sport (Bradley, et al. [1]), with player success relying 

increasingly on cardiovascular endurance and the ability to perform 
repeated bouts of intense physical activity. Scientific developments 
have revealed a progression in the physical demands of soccer, espe-
cially in high-speed actions such as sprints, accelerations, decelera-
tions, jumps, and direction changes. These activities require players 
to maintain elevated levels of aerobic capacity and muscular power 
throughout a match. Aerobic energy metabolism plays a critical role 
in match performance, and matches are also associated with elevated 
blood lactate concentrations (Krustrup, et al. [2]). Parameters such 
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as maximal oxygen uptake (VO₂max), Ventilatory Threshold (VT), 
Lactate Threshold (LT), and BLC are key physiological indicators in 
soccer performance assessments. Aerobic fitness is essential for pro-
fessional players, who typically cover 10 to 12 kilometers per match 
while maintaining an average exercise intensity near 75% of their 
VO₂max (Cerda-Kohler, et al. [3]). 

This underscores the importance of aerobic capacity in energy 
expenditure and performance. In addition to VO₂max, other biomark-
ers such as LT and running velocities associated with lactate accumu-
lation provide valuable insights into players’ endurance capabilities 
(Ziogas, et al. [4]). The capacity to sustain high levels of aerobic and 
anaerobic fitness allows players to maintain performance levels, re-
cover efficiently, and reduce fatigue-induced declines. Thus, under-
standing what occurs during anaerobic exertion is vital to optimizing 
performance. As Erceg, et al. [5]. emphasize, achieving peak physical 
fitness requires the application of modern sport science and individu-
alized physiological monitoring (Erceg, et al. [5,6]). Anaerobic energy 
metabolism results in lactic acid accumulation, leading to metabolic 
acidosis and muscular fatigue, which impairs performance. A deeper 
understanding of anaerobic glycolysis and its physiological conse-
quences allows for better training strategies aimed at delaying fatigue 
onset and improving energy efficiency. 

The AT, also referred to as the Lactate Threshold (LT), denotes 
the exercise intensity at which lactate production exceeds clearance, 
marking a critical physiological transition. This threshold serves as a 
key biomarker for training prescription and performance monitoring 
in both clinical and athletic populations (Akubat, et al. [7]). Submaxi-
mal blood lactate assessments are valuable tools for detecting endur-
ance fitness changes. (Katz and Sahlin [8]) proposed that lactic acid 
accumulation during submaximal exercise results from mitochondri-
al oxygen restriction. BLC and LT are potentially more sensitive in-
dicators of endurance performance than VO₂max alone (McMillan et 
al., [9,10]). A higher LT indicates a player’s capacity to sustain higher 
intensities over time. AT detection can be performed via laboratory 
or field-based protocols. The choice of method depends on resources, 
player level, and specific goals. Laboratory-based assessments typi-
cally involve incremental Exercise Tests (ET) or cardiopulmonary ex-
ercise testing (CPET), with stepwise increases in intensity and mea-
surements of VO₂, heart rate, and BLC (Jemni, et al. [11]). 

AT is identified as the highest VO₂ or intensity before an increase 
in BLC >0.5 mmol/L over the previous stage. This inflection point 
signifies a shift from predominantly aerobic to anaerobic energy pro-
duction. According to (McMillan et al. [9]), fixed BLC values between 
2 and 4 mmol/L are often used to define aerobic endurance training 
zones. Alternative methodologies for LT determination include:

•	 Visual Inspection (VI): Lactate values plotted against 
workload to visually detect a breakpoint in the curve.

•	 Dmax and Modified Dmax: Based on the point with the 
maximum perpendicular distance from a line connecting the ex-
tremes of the curve.

•	 Log-Log Method: A linear regression approach linking 
log-transformed lactate concentrations and work rate to identify 
transition points (Cerda-Kohler et al. [3]).

While laboratory tests offer high precision, field-based methods 
are increasingly used for their practicality and ecological validity. 
These typically involve portable lactate analyzers and graded exer-
cise protocols adapted to the competitive environment. However, re-
sults can be influenced by training phase, environmental conditions, 
individual variability, and sampling methodology. To ensure reliabil-
ity, field-based protocols should be validated against gold-standard 
laboratory tests whenever possible. Despite their limitations, field-
based assessments are valuable in day-to-day practice. Training near 
or slightly below the AT has been shown to improve endurance, delay 
fatigue, and elevate the AT itself. Therefore, it is also crucial to deter-
mine the Maximal Lactate Steady State (MLSS), defined as the high-
est exercise intensity at which BLC remains stable over time. MLSS 
provides a robust measure of sustainable performance and is a key 
reference for endurance-based training plans. Training at or near 
MLSS enhances an athlete’s ability to tolerate higher workloads over 
prolonged periods, making it especially relevant for soccer players 
engaging in long-duration, intermittent high-intensity efforts (Go-
ranović, et al., [12]). These physiological principles are foundational 
for programming, monitoring, and optimizing sports performance. 
Sports scientists and coaches must develop training strategies that 
enhance endurance capacity during the competitive season while 
minimizing the risks of overtraining or suboptimal match perfor-
mance (McMillan et al. [9]).

Furthermore, exploring strategies to mitigate lactic acid build-
up could unlock new avenues for improving physical endurance and 
overall athletic performance. Continued research in this area holds 
promise for enhancing both performance and athlete health across 
multiple disciplines. This narrative review aims to investigate and 
summarize current evidence and methodologies for detecting AT and 
Maximal Lactate Steady State (MLSS) based on BLC in soccer players. 

Methods
This narrative review was based on a comprehensive literature 

search conducted in the Web of Science, PubMed, and Scopus data-
bases. Search terms included “AT,” “lactate threshold,” “MLSS,” and 
“soccer.” Studies were selected based on their relevance to the as-
sessment of the AT in soccer players, with no restrictions regarding 
population characteristics or publication date. Both laboratory-based 
and field-based methodologies were considered. The most pertinent 
findings are synthesized in the following sections, including a summa-
ry table highlighting key studies and their main outcomes.
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Results
(Tables 1 & 2) (Garcia, et al. [13]) examined key factors related to 

the maximum lactate steady-state velocity (MLSSv) in soccer players. 
They found that Lactate Exchange (LE) and running velocity were the 
best single predictors of both individual and group average MLSSv. 
There were no statistically significant differences between actual 
MLSS and estimated MLSS using the LEmin prediction formula, sug-
gesting its reliability. LEmin also did not differ significantly from con-
ventional Lactate Thresholds (LTs) (p > .05), although it was found 
to be 24% lower than MLSS (p < .001). LE was identified as the ma-
jor determinant of MLSSv, and individual MLSSv values ranged from 
11.2 to 16.5 km/h, reflecting wide variability in aerobic fitness among 
players. These findings underscore the importance of running veloc-
ity, the accuracy of the LEmin formula, and the role of LE in under-

standing MLSSv. (Erceg, et al. [5]) reported significant physiological 
differences between age groups, with U-17 and U-19 players showing 
superior values in most variables compared to U-15 players. Signif-
icant differences were observed between U-15 and U-17, as well as 
between U-17 and U-19, with older players outperforming younger 
ones. Notably, Lrest values in all age groups exceeded physiological 
norms, likely due to soccer-specific activity. Lmax was higher in U-17 
and U-19 than in U-15, although no statistical difference was found 
between U-17 and U-19. U-19 players had higher pre-test BLC but 
lower post-exertion BLC than U-17 players, indicating more efficient 
lactate metabolism. Heart rate at AT was similar across groups, but 
U-17 and U-19 crossed the threshold later, demonstrating better 
endurance. U-19 players also exhibited higher minute ventilation 
(VEvp) and VO₂max, which increased progressively with age, at ap-
proximately 1 mL/kg/min per year. 

Table 1: Summary of Methodology for Detecting AT, Maximal Lactate Steady State (MLSS) in Soccer Players.

# Author / 
year Sample Aim of the 

study
Study 
design Methodology

Assesment 
location Lt concept em-

ployed (direct & 
indirect)

Inclusion 
criteria

Exclusion 
criteriain-  

LAB
in - 

FIELD

1
Ibai Gar-
cia-Tabar, 

et al. (2019)
n=15

To deter-
mine the 

applicability 
of the LT, 

conceptually 
comprehend-
ed as in the 
old days to 

predict MLSS 
in compari-
son with the 

well-es-
tablished 

BLTS in the 
lower aerobic 
conditioned 

soccer 
players with 
MLSSv val-
ues ranging 
from 13.3 to 
16.5 km/h.

crossection-
al / experi-

mental

•Day1: anthropometry and familiar-
ization with the test.  

•Day 2: in lab - submaximal incre-
mental running test: blood lactate 

calculations. Peak treadmill velocity 
(PTV), Max HR.  

•Day 3-6:  CVRTs (constant velocity 
running test): for MLSS determina-

tion. comparing SDIRT (submaximal 
discontinuous incremental runing 

test) and MRIRP (Maximal ramp incre-
mental running test). Data Analysis: 

SPSS Statistics. 
•SUBMAXIMAL DISCONTINUOUS 
INCREMENTAL RUNNING TEST: V 
initial: 7km/h, increased by 0.6 km/h 
with 1 min rest pauses between stages 

for LACTATE sampling.  
•TERMINATION OF TEST: when 

BLC >= 3 mmol.L was observed, After 
10 min rest,  

•MAXIMAL RAMP INCREMENTAL 
RUNNING TEST: begins. Initial Speed 
8km/h, increase every stage 0.8. km/h 
every minute until volitional exhaus-

tion. Max HR and Peak Threshold 
Velocity is determined. 

•CONSTANT VELOCITY RUNNING 
TEST (CVRT) 3- 6. test sessions on-
field. in artificial grass soccer pitch 
(100x50 m). Audio beep was imple-
mented to control the speed, if the 

subject was unable to >10 m behind 
the test was terminated. every CVRT 
consist in 30 min running with 1 min 

interruption every 10 min. 
•MLSSv (Maximal Steady State Veloc-

ity): the highest-ranking velocity.

▲ ▲

Lactate sampling 
collection during 
a submaximal DR 

test: every 2 stages. 
In CVRT capillary 
blood sample was 
collected at rest, 10 
min, and at the end 

of the exercise.   
STEADY STATE 
DETECTION: an 
increase <1mmoll 
during the last 20 

minutes of exercise 
was considered at a 

steady state.  
BLTs (Blood Lactate 
Thresholds) Detec-
tion: Submaximal 
DIR test = 9 differ-
ent BLTs: 2 conven-
tionally calculated 

LTs (LTo.2 mM 
and LT1).  3 Lactate 

equivalent (LE) 
thresholds (LEmin, 
LEmin+1mM and 
LEmin+1.5mM), 

Maximal-Deviation 
Threshold (Dmax), 
and # fixed blood 
lactate concentra-

tion (FBLC) thresh-
olds (FBLC2mM, 
FBLC2.5mM and 

FNLC3mM).

Age: 21.9 +- 
1.4 years old, 
Body Mass 
73.9 +- 7.3 
kg, %B.fat 
8.7 +-2.7%. 
Spaniard 

soccer team, 
free to known 
cardiovascular 
dysfunction, 
alcohol and 
drugs free.

known 
cardio-

vascular 
illness or 
dysfunc-

tional 
condition.
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2
Erceg. 

Marco, et 
al. [13]

N=66 
(n19=22, 
n15=22, 
n17=22)

To identify 
functional 

abilities 
of soccer 

players and 
determine 
differences 
in variables 

for assessing 
spiroer-
gometric 

parameters 
among 

players in 
the U-15. 

U-17, U-19 
category.

experimen-
tal/ compa-

risson

Functional abilities assessment was 
performed using a Quart (COSMED, 

Italy). Variables of control:  
• Absolute maximal oxygen uptake 

(VO2max). 
• Relative maximal oxygen uptake 

(RVO2max. 
• Maximum minute ventilation 

(VEmax) 
• Maximum Heart rate (MaxHR).  

• Absolute oxygen uptake at the AT 
(VO2max/AT) 

• Resting lactate concentration (LAC-
rest) 

• Lactate concentration at the end of 
the test (LAC max).

▲ ▲

Direct: LT: BLC 
(Blood Lactate Con-

centrations) were 
collected at the be-

ginning and the end 
of the progressive 

exercise test. Using 
Accurate Lactate 
Analyzer (Roche, 
Germany). Blood 
sample collection.

soccer players 
competng in th 
First Criation 

Soccer League.

were not 
in First 

Croatian 
Soccer 
League

3
Cer-

da-Kholer, 
et al. [3]

n= 17

To deter-
mine and 

compare the 
agreement 
between 4 
commonly 

use LT 
measurement 

methods: 
visual in-

spection (VI), 
Maximun 
distance 
(Dmax), 
modified 
Maximal 
distance 

(DmaxM), 
and algorith-

mic.

comparis-
son, cros-
sectional, 

experimen-
tal

Informed consent, anthropometric  
measurements, incremental treadmill 

speed test, lactate threshold: incremen-
tal speed test by 1 km/3 minutes 
stage, untill exhaustion. Lactate 

bloos sample every stage ends. Data 
Analysis: Lactate E software was used 
to establish LT through the VI, Dmax, 

dmaxM, Log-Log methods.

▲

Direct: Blood sam-
ple collection (Fin-
ger prick capillary) 
while performing 
an incremental ex-

ercise test: BLC was 
analysed by LAC-
TATE E software 

using  the VI, Dmax, 
DmaxM, Log-Log 

method.

age: 24.7 +- 3.7 
years old, 
body mass 

70.1 +- 5.3 kg, 
heigh: 172.8 
+-7.3 cm, > 2 

years in profe-
sional soccer, 
continuous 

soccer training 
for the last 6 
months, no 

injuries .

not pro-
fesional 
soccer 

players 
from 

divisiio 
A chilean 
national 

champion-
ship.

4
Koulla 

Parpa, et 
al. (2022)

n=25

To compare 
the ventila-
tory (VT2) 
and lactate 

thresholds as 
determined 
by different 

methods (VI, 
Dmax., mod-
ified Dmax, 

Log-Log, 
and lactate at 

4mmol/L

crossection-
al / experi-

mental

Assignment: players complete CPET 
(cardiopulmonary exercise test) until 
exclaustration, on treadmill (h/p Cos-
mos, Germany), Breath to Breath gas 
analyzer was performed (COSMED 

Quart CPET) 
Protocol: Modified Heck 

Termination of the test: when partici-
pant reach volitional fatigue or when 

VO2Max detected.  
Determination of VT1: using VE/ VV, 

O2 curve, VT2 or RC: using VE/ V 
CO2 curve.  V02. BLOOD LACTATE 

SAMPLING: Lactate plus single stripe 
collected a drop sample blood every 3 
minutes or after completing each stage 

of the test.  
Identification of” LT Methods: VI 

(visual inspection), Dmax (maxima 
distance method), Mod, Dmax, (Dmax 

modified, Log-Log and Lactate at 
4mmol/l methods. utilizing Lactate E 

version software.

▲

BLOOD LACTATE 
SAMPLING: Lactate 

plus single stripe 
collected a drop (0.7 
microliters) sample 
blood every 3 min-
utes or after com-

pleting each stage of 
the test. Total = 141 

samples. 
IDENTIFICATION 

OF LT METH-
ODS: VI (visual 

inspection), Dmax 
(maxima distance 

method), Mod, 
Dmax, (Dmax 

modificated), Log-
Log and Lactate at 
4mmol/l methods. 
utilizing Lactate E 
version software.

n=25 elite 
soccer players 

(age:24.64 
+-6.78 years, 
height 180.09 

+- 9.07 cm, 
weight 77.04 
+- 7.75 kg), 
2 groups: 

group 1: n=16, 
age:24.38 

+- 7.33 years, 
height 180.34 

+- 7.03 cm, 
weight 75.53 

+- 7.68 kg, 
complete > 17 
minutes test, 
and  group 2: 
n=9, age:25.11 
+- 6.07 years, 
height 182.11 
+- 10.03 cm, 
weight 79.72 

+- 7.54 kg, 
competed <17 
minutes test.

goal-
keepers. 
Injuries
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5
Joao P. 

Loures , et 
al. (2014)

n=16

The aim of 
this study 

was to stab-
lish the valid-
ity of the AT 
determined 
on the soc-
cer-specific 
Hoff Circuit 
(AThoff) to 
predict the 
maximal 

lactate steady 
state exercise 

intensities 
(MLSShoff) 

with the ball.

experimen-
tal, crossec-

tional

Determination of AT - HOFF method: 
during training session in the after-
noon between July and September. 
1. familiarization with Hoff circuit 
without a ball, then with the ball. 
controlled sound to aid maintain 

adequate speed, day 2/ TEST DAY: 5 
progressive effort of 580 m (2 laps) on 
the Hoff circuit, initial speed: 7 km/h, 
speed increments 1 km/h every stage 

(2 laps) until reach 11 km/h. blood 
sample are collected at the end of each 

stage. heart rate was monitored, 
Data collection and analysis: LA (lactic 

acid) measurements were plotted vs 
speed steps. the speed of 3.5 mmol/l 
was considered as AThoff and at 4 
mmol/l AThoff4. also Segmented 
method. a linear relation between 

SPEED and HR. from all these values 
and the linear relationship between 

HR (heart rate) and intensities, 
HR corresponding to each AT was 
calculated (HRathoff3, HRAThoff4, 
HRathoffbi), the same protocol was 

performed 48 hours later for validity. 
Determination MLSS - HOFF method: 

Second, (n=11) the participants 
preform random effor of 100,105,110% 

at ATHoff intensity for 30 minutes 
to detect MLSS on the Hoff Circuit 

(MLSShoff).

▲

BLOOD SAMPLE: 
Before starting the 
effort and every 5 

minutes subse-
quent to the efforts, 
blood sample was 
collected as MLSS 
determination was 

calculated when LA 
presents a variation 
< 1 mmol in the last 
20 min of effort. 25 
microliters of blood 

extracted from 
finger using a finger 

drop collection 
stripes. blood lactate 
was reported in mil-

limoles per litter.

minimun 
10 subjects, 

soccer players, 
competition 
experience 

minimiun 3-4 
years, volun-

tary, informed 
consent. 

Sample size 
was calcu-

lated. N = 16 
soccer players 
(age:16.0 +-1.0 

years, body 
mass: 63.9 

+-9.0 kg, lean 
mass= 52.3 +- 

6.1 kg; height= 
169.4 +-5.3 

cm; %fat= 13.4 
+- 4.6%) and a 
secong group 
in test 2:  N = 

16 soccer play-
ers (age:15.8 +- 
0.6 years, body 

mass: 63.1 
+-9.9 kg, lean 
mass= 52 +- 7 
kg; height= 
169.0 +-6.3 

cm; %fat= 13.1 
+- 5.0 %.  high 
level of fitness 
: competitive > 
3 years, .> 1.5 

hours physical 
activity  per 

session.

injuries

6
Schwesig 

Rene, et al. 
(2019)

n=152 
3rd 

league: n 
= 78; 4th 
league: n 

= 74

To inves-
tigate the 

differences 
in running 
velocities 
at specific 

lactate 
thresholds 

among male 
German soc-
cer players.

comparisson  
/ experi-
mental

Players were categorized as goal-
keepers, central defenders, central 
midfielders, wings and forward.    

Players completed a treadmill test, at 
incremental speeds, to determine run-
ning velocity at different blood lactate 
concentrations (v2 = 2 mmol/l; v4 = 4 

mmol/l; and v6 = 6 mmol/l).   
Data analysis: comparison only in 

positions: goalkeeper (GK), central de-
fender (CD), central midfielders (CM), 

wing (WI), and forward (FW).  
ANTHROPOMETRY: Body weight, 

Fat %, Fat free mass.  
HEART RATE: heart rate monitor 15 
min before testing, 1st. players were 
instructed to stay sit for 10 minutes 
without speaking. and Heart Rate 

initial. (HRi) was monitoring, heart 
rate was monitored at the end of each 

running speed level.  
LACTATE: blood lactate was collected 
to determine Lactate speed velocities. 

V2= 2mmol/l, v4=4 mmol/l, v6= 6 
mmol/l. 

Exercise test: 2 min running at 7.2 
km/h, the incremental exercise test 
start at 7.2 km/h, 3 minutes stages, 
increments of 1.8 km/h every stage.

▲

Direct Invasive: 
Blood sample was 

collected from Ath-
letes’s ear lobe (10 

Ul capillary Blood).  
using an enzymatic 

lactate Analyzer. 
(Germany) to deter-
mine 3 running lev-
els:  V2=2 mmol/l 
lactate threshold, 

V4=4 mmol/l 
lactate threshold, 

V6=6 mmol/l 
lactate threshold 
to detemine the 

running velcities 
accordingly.

152 profession-
al (3rd league: 

n = 78; 4th 
league: n = 74) 

male soccer 
players (mean 
± SD; age: 24.7 
± 4.37 years, 
body mass: 

80.8 ± 7.33 kg, 
body height: 
1.83 ± 0.06 m) 
volunteered 

for the investi-
gation.

not pro-
fesional 
german 
soccer 

players, 
symptoms 
free, older 

that 18 
years old
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7
McMillan 
K, et al. 

[10]
n=9

a. To examine 
the changes 
in sub-max-
imal blood 

lactate mea-
surements of 
professional 
soccer play-
ers through-

out the soccer 
season. 

b. To test 
whether two 

different 
established 
methods for 
detecting LT 

correlate.  
c. To discuss 
the possible 
limitations 
of LT mea-
surements 
in terms of 
discrimina-

tion between 
the factors 

contributing 
to aerobic 
endurance 

performance.

experimen-
tal

N= 9 soccer players / at six different 
time points - soccer season. sub-max-
imal blood lactate assessment:  incre-

mental treadmill protocol. Internal 
load: blood lactate concentration and 
heart rate/ stage. Running velocities 

at v-Tlac and at a BLC of 4 mmol 
(v-4mM) were determined. PROTO-

COL:  5 min warm up at 60% HRmax, 
5 min stretching, then exercise testing 
in 4 minutes stages, with an increment 

of 0.5 km/h . with an initial speed 
relative to 60 % HRmax estimated, 

until test termination.  
Termination: BLC >4 mmol/l or by 

subject’s own request. HR was record-
ed every stage.  inclination 0%. MAX 
HR calculation: obtained in previous 

test 20 min multi-stage shuttle test 
before preseason.  

 Training: training week consisted of 
four to seven training sessions and 
one/two soccer matches per week.

▲

Direct Invasive: 
DETERMINATION: 

Lactate running 
velocity (v-Tlac) is 
the first significant 
elevation of BLC 

above resting levels. 
2-Phase Linear re-

gression model was 
used to estimate the 
inflection point of 

lactate profile curve. 
LT = 4 mmol/l 

(v4mM) velocity 
was calculated 

using the lactate 
concentration points 

at the running 
velocities direct 
and after attain-
ment 4mmol/l. 

BLOOD SAMPLE: 
every stage a drop 
was collected and 

analyzed.

youth pofes-
sional soccer 
players (age: 

18.3 +- .3 
years). Medi-
cal question-

aire,

no injuries

8
Güvenç 

Alpay. Et 
al. [16]

n=16

To inves-
tigate the 

effects of Ra-
madan fast-
ing on Body 
composition, 
blood lactate 
, heart rate 
and rating 

of perceived 
exertion 

responses 
of regularly 

trained 
young soccer 

players.

Experimen-
tal / cros-
sectional / 
comparis-

son.

N= 16 trained male soccer players. 
at 4 different time during Ramadan 
month: 1) Pre-Ramadan, 2) Initial 
Ramadan, 3) End-Ramadan, 4) 2 

weeks post- Ramadan. Variables: BLC, 
HR, RPE, Body composition: body 
mass (kg), BMI (kg/m2), body fat 

(%), mean skin fold (mm), dehydra-
tion:(L), DST: daily sleeping time (h/
day), DEI (daily energy intake): CHO 

(%), FAT (%), protein (%). protocol 
for exercise assessment:  Modified 
shuttle running test (MSRT):     20 

-meter running course +1 m at each 
end for turning area, each stage: 3 min 
constant running pace / 1 min passive 
rest interval, Stages: 1st: warm up at a 
running velocity (RV) at 8 km/h, 2nd 
stage at 10 km/h, from, then from 3rd 
every state increased by 1 km/h each 

stage until termination.  
Termination: subject could not main-
tain the peace of the audio signal for 
2 consecutive shuttles. subjects also 

where encouraged verbal to maintain 
the required pace if possible and to 

produce a maximal effort.  Blood Lac-
tate Concentrations: before the MSRT 
and at the end of each stage (during 
rest interval) and upon termination, 
25uL capillary blood. analyzed by 

YSI 1500 sport lactate analyzer (Ohio, 
USA).

▲

DIRECT INVA-
SIVE: using the BLc 
values : Lactate - RV 

(running velocity) 
curves were ob-

tained. Also, RV at 
a LA concetration of 
4.0 mmol.L (RV4.0) 

was calculated 
using interpolar 
technique with a 
minimun R value 

of 0.99. R value was 
used to display the 
OBLA..  the highes 
value of HR , LA, 
RPE in MSRT was 
recorded as peak.

16 male young 
soccer players 
(mean: 17.4 +- 
1.2 years old, 
175.4 +- 3.6 

cm, 69.6 +- 4.3 
kg, 5.1 +- 1.3 

tranning years 
of experience).

no inju-
ries, fe-

male,  off 
seasson.
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Table 2: Summary of Results (Findings, Discussion/ Limitations, Practical Application in Soccer.
Results

# Author / 
year Findings Discussion / limitations Practical application in soccer

1

Ibai Gar-
cia-Tabar, 

et al. 
(2019)

Le/runing velocity to be the best 
single predictor of the individual and 
group average MLSSv in soccer play-
ers. No statistical differences between 

MLSS and estimate MLSS using Lemin 
prediction formula.  LEmin did not dif-
fer from conventional LTs (p>.05). and 

was 24% lower than MLSS (p<.001).   
LE is the major MLSSv determinant in 
individuality MLSSv values ranging 

from 11.2  to 16.5 km/h .

•Provide and equation for the prediction of 
MLSS from LT.  

•The reported equation for prediction of 
MLSS from Lemin, which has turned out to 
be the best MLSS predictor among the LTs. 
The high sustained variance by vLEmin in 

MLSSv prediction (70%) compares favorably 
with the rest of the previous studies.  

•Validation of the prediction equation 
presented would be needed in different and 
larger population and different gender and 
age specific samples before vLEmin can be 

established for mass field testing. 
•Validity and longitudinal research exploring 
the possible physiological mechanisms under 
printing their close relationship is warranted. 
On-field test limitations such as the feasibility 

of carrying out the CVRT withing a reason-
ably short period of time (1 CVRT / week) 
could have influenced the determination of 
MLSSv and its relationships with vLEmin. 

On-field MLSS test might have induced 
higher day-to-day variability due to external 

conditions (wind, ambient Temperature, 
humidity, floor surfaces characteristics, body 

aerodynamics).

•These studies proposed the velocity 
associated with a FBLC of 3.5 mmolL, 
the velocity associated with a FBLC of 

4.0 mmolL, PTV and delta BLC during a 
CVRT as functional alternatives to MLSSv 
determination in soccer with MLSSv pre-
diction variances reported ranging from 
52% to 66%. homogeneity of the sample, 
test protocol, sample collection, precision 
in MLSS determination as well as choice 

of variables derived from the exercise test. 
LEmin (minimum lactate equivalent) best 

method to calculate MLSS.  
•The use of this equation could provide 
a reasonable alternative to reduce costs 

and change the classic methos to calculate 
MLSS. Lemin and Lemin+1mM absolute 
values with potential applications for the 
assessments and monitoring of endurance 

capacity in soccer players.  
•The use of these equations could provide 

a reasonable alternative to reduce cost 
and alleviate the burden associated with 
the classical assessment of MLSS LEmin 

and LEmin+LEmin+1min absolute values 
could also serve for the assessment of 

endurance capacity and training prescrip-
tion and monitoring.

2
Erceg. 

Marco, et 
al, [13]

• There are statistically significant dif-
ferences between U-15- U-17 (this one 

being superior in all variables).   
• There are statistically significant 
between U-17- U-19 (this one being 

superior in all variables).   
• It is noticeable that the U-17 players 

achieve higher values in almost all 
parameters especially Lrest and Lmax.  
With all 3 groups: Lrest > physiolog-
ical limits, probably consequence of 
different activities in soccer players, 
which is consistent with findings in 

previous studies.  Lmax U-17 > Lmax 
U-15: Lmax U-17 > Lmax U-15, Lmax 

U-19 > Lmax U-15.  
• No statistical significance: Lmax 

U-19 = Lmax U-17.   
• U-19 players had higher BLC values 

before testing, had also lower BLC 
values after exertion in relation to the 

U-17.   
• Heart rate variations: HR values at 
the AT are similar in all studies age 

groups (N15-17-19) and no significant 
differences among them.   

• U-17, U-19 crosses the AT later = 
higher HR = High endurance to per-

form sport activities longer than U-15.  
• INCREASE IN MINUTE VENTI-
LATION (VEvp):  U-19 higher than 

U-17 and U-15. and similar values in 
U-15,U-17. (No statistical significance).  

• VO2max: Increased absolute and 
relative vo2max in older groups (U-
19) at the AT. The relative VO2MAX 
increased by 1mL/min/kg per year.

It is obvious that elderly players such as u-19 
have a capacity to better adapt their organism 
to exertion because they have been in soccer 

training longer.  
The assumption is that the longer soccer en-

gagement U-19 in relation to U17-U15 results 
in an increased number of capillaries around 

muscle fibers, increase in mitochondria in 
muscle cells, improving aerobic metabolism.  

HR may decrease as a result of endurance 
training; Lung functions change considerably 

with age.  
VE increased with age up to the physical ma-
turity and the decreases with age. connected 
to the growth of entire respiratory system. 
aerobic working capacity follows the body 

development or is even faster, consisted with 
the results obtained in this research.  

soccer training has a great influence of the 
development of functional abilities, technical 
and tactical at the period of preadolescence.   
Adequate development pf body and motor 
abilities during this period is crucial for this 
process of young soccer players because at 

that age the process of sport selection is very 
difficult.   For a large group of participants 
- the high cost of this blood lactate concen-
tration analysis means that it can’t be easily 

replicated without a budget that covers costs.

Differences in physiological indicators of 
age groups must be integrated in the plan-

ning and programming of the training 
process.
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3
Cer-

da-Kholer, 
et al. [3]

NO agreement was observed between 
Ltspeed measurements methods. 

Agreement was observed between 
LTHR measurement method, VI 

- Dmax, VI- DmaxM and DmaxM - 
Dmax.  

ICC analysis showed NO AGREE-
MENT between Ltspeed and LTHR 

method.  
One way ANOVA showed Ltspeed 

was higher with VI, DmaxM ad Dmax 
methods compared with Log-Log, and 
higher with the VI, DmaxM compared 

with Dmax method. 
LTHR was higher with VI, DmaxM 
and Dmax methods compared with 
Log-Log method. and higher with 

DmaxM compared with Dmax meth-
od.

The lack of agreement between methods. LT 
measurements methods, especially be-

tween the LOG-Log and the other methods, 
strengthening the need for more studies to 
determine a gold standard for LT measure-

ment.  
High agreement has been observed between 

VI and methods that used mathematical mod-
els. Each of the four methods analyzed in this 
study have been validated independently in 

terms of performance assessment, at different 
distances, competition levels, and sports, our 
comparative analysis revealed lower LTspeed 

and LTHR values after Log-Log analysis 
compared with the rest of LT measurement 
methods. Lack of agreement between mea-

surements methods of LT markers, especially 
between Log-Log and other methods, coaches 
and physiologist should not use them inter-

changeably for the control and prescription of 
exercise during the training process.

Lactate threshold (LT) can be integrated 
into soccer training as a physiological 
assessment tool. It helps in prescribing 
appropriate endurance sessions during 

pre-season, assessing training effec-
tiveness, classifying athletes based on 
endurance, and modifying training to 

optimize soccer performance. Monitor-
ing LT values aids coaches in tailoring 

training programs and ensuring players 
reach their peak physical condition, 

ultimately enhancing their endurance and 
soccer performance. However, it should 
be used alongside other training aspects 
for a comprehensive approach to player 

development.

4
Koulla 

Parpa, et 
al. (2022)

Significant differences between the 
two groups for speed calculations with 

VT2 and LT methods except for the 
Log-Log method.  

No significant differences between in 
the speed calculation with VT2 and KT 

method for group 1 and 2.  
A significant difference in the speed 
calculated for group 1 was indicated 
between VT2 and Log-Log and VT2 

and FBLA at 4mmol/l method. 
No significant differences were iden-
tified between VT2 and LT methods, 

with only difference being between V1 
and Dmax methods. 

More agreement between VI and other 
mathematical methods.  

Lower Ltspeed and LTHR values after 
LOG-LOG analysis compared with the 

rest LT measurement methods.

Players with lower performance demonstrat-
ed increased lactate levels at lower running 

velocities. 
Lactate Threshold test could be a valid 

reliable alternate to ventilatory threshold in 
soccer players. 

Lactate threshold could be a valid and 
reliable alternative to ventilatory thresholds 

detection methods.  
The Dmax method is dependent on both the 
initial and the final lactate reading, therefore 
the initial and the final workloads at which 

the data are collected directly influences 
this marker and thus, this partially explain 
the differences between players of different 
divisions as well as players with significant 

differences in performance. Major limitation, 
of this study is the small sample size. Neve 

the less this might serve as a pilot study 
demonstrating the potential of VT2 as an 

alternative to the LT invasive measurement.

VT2 method can be used as an alternative 
to the LT measurements and therefore 
being able to identify a threshold point 
without utilizing and invasive producer 
enhances de potential application of VT2 

or respiratory compensation point.

5
Joao P. 

Loures , et 
al. (2014)

NO significative differences were 
found between test and re test values 

of AThoff, AThoff4.0 and AThoffBI, as 
well as between HR associated with 

the AT speed. 
Significant correlations were found be-
tween test and retest value for AThoff 
and AThoff4.0. AThoff did not present 
a significant correlation. Significance 

correlation between test and retest for 
HRat-hoffBI and HR AT-hoff.

There was no difference found between test 
and retest foe any method of AT determina-
tion, a trivial small effect size determination 

was very small. 
the AThoffBI did not present correlation 

between test and retest, however the with-
in-subjects variation of the AT suggests that 
independent of the method of determination 
the speed is very reproductible and could be 

used for the assessment. 
Yo-Yo intermittent recovery test is reliable 

and can be used as a precise measure of phys-
iological performance in soccer players.  

At determination on the Hoff circuit though 
3 different methods is highly reproducible, 

as well as the HR relative to AT. A good 
agreement between AThoff and AThoff4.0 

and MLSShoff this test can be used to predict 
MLSS in young soccer players which yielded 

the highest accuracy.

Yo-yo intermittent recovery test is reliable 
and can be used as a precise measure of 

physiological performarce in soccer play-
ers. AThoff4.0 is valid to predict MLSS.  

Hoff circuit / 3 different methods  is high-
ly reproducible, as well as the HR relative 
AT. this test can be use to predict MLSS in 
young players, which yielded the highest 

accuracy. treining presciption: AThoff 
or ATjoff4.0 could be use to prescribe 

continuous endurance training or interval 
training. using HR to control intesnity, in 

the grass and with ball control.
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6
Schresing 

Rene, et al. 
(2019)

• The variance of all variables in the 
different sample (playing positions) 

were not significantly different.   
• Different playing positions have 

specific running related performance 
requirements among soccer players. 
• The difference between the Goal-

keeper and the Midfielder for lactate 
threshold V2 (p=0.002) was the largest 

difference between positions. 
• The endurance performance of the 
WINGS were also significant at all 

lactate thresholds (V2 : p=0.035, V4: 
p=0.047, V6: p=0.041). 

• NO significant differences among 
the field players. 

• The goalkeeper has the lowest run-
ning velocity at all lactate thresholds, ( 
V2 : 10.7 +-1.17 km/h, V4: 14.0 +-1.06 

km/h, , V6: 15.5 +- 1.08 km/h).  
• The CM were the outfielder players 
with the highest average running per-
formance (V2 : 12.5 +- 1.2 km/h, V4: 
15.2 +- 1.14 km/h, , V6: 16.6 +-  1.13 

km/h).

The findings support the hypothesis that 
soccer players’ running performance varies 
by playing position, notably between field 

players and goalkeepers. Goalkeepers consis-
tently exhibit lower running speeds across all 
lactate thresholds, while midfielders display 

the highest running speeds. In matches, 
midfielders cover 15% more distance than 

fullbacks, forwards, and center-backs. Assess-
ing a fixed lactate threshold, especially at 2 
mmol/l, may not be suitable for faster play-
ers. Some of these players produce higher 

initial lactate values and peak values at high 
intensity, contrasting with those who possess 

more slow-twitch muscle fibers. Notably, 
our study’s results differ significantly from 

a similar study conducted with Greek soccer 
players using a comparable test design (3 

minutes per speed level, 2 km/h increments) 
and employing the Dmax method for lactate 

threshold detection. It’s worth noting that 
our study took place in various local fitness 

studios with different equipment, potentially 
introducing variations in treadmill efficien-
cy. The absence of standardized guidelines 

for assessing running performance in soccer 
players highlights the need for further 

research.

soccer coaches must benefit from the re-
sults in the preparation of individualized 
training derivations by using information 

about running performance by playing 
position.

7
McMillan 
K, et al. 

[10]

•Running velocity vTLac and V4mM 
increased from the start of the pre- sea-
son to October resulting in significant 

low BLC at each running velocity.  
•Mean running velocities at LT 
increased from the pre-season to 

October.  
•There are no significant differences in 
lactate responses to increase velocities 

at any other testing time points.  
•The two different methods to deter-
mination were significant correlated. 

V-Tlac and v-4mM was of LT  (r=0.87), 
(p<0.001).  

•A significant correlation was also 
observed between HR at v-Tlac and 

v-4mM (r=0.82) (p,0.001). Increment in 
Cr (running economy) of soccer play-
ers when using a two-session a -week 

specific running interventions.

1. Aerobic endurance performance increased 
significantly from the start of the season 
training period to the early weeks of the 

competition. 2. An improvement in VO2Max 
will reduce BLC levels and HR at standarized 

running speed. Improving Running econ-
ocmy and therefor LT and perfromance. 3. 
the physiological load of competing 2times 
/ week, and a training regime documented 
migth be sufficient for maintaining fitness 

levels during in-season period.

1. V-Tlac and V-4mM method of calcula-
tion using the same incremental treadmill 

protocol may be used for LT detection 
and performance monitoring in soccer 

players.  
2. Aim programs to improve Running 

Economy (Cr) in soccer players, using a 
two-session a -week specific running in-

terventions or a maximal strength training 
intervention (Hoff et al). 3. fixed blood 

lactate levels between 2mmol and 4 mmol 
may be used as an indicator of aerobic en-
durance performance for soccer players.
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8
Güvenç 

Alpay, et 
al. [16]

• Body Mass, BMI, Fat free mass 
remain similar before, during and after 

Ramadan Fasting (P<0.05).   
• DEI, Macronutrient composition of 
diet and DST did not change (P<0.05).  
• ∑SKF reduced with time, and values 

recorded at Beg-RF (beginning of 
Ramadan fasting) and End -RF and 

After-RF were significant lower to pre-
RF (p<0.05).  

• Peak Running distance (RD), peak 
running time (RT), peak velocity (RV), 

and Running velocity 4.0 mmol.L 
(RV4.0) was not significant decreased 

at Beg-RF, but recovered at the End-RF 
and increased After-RF.  

• Peak running performance and 
RV4.0 at Pre-RF was like Beg-RF 

(p<0.05), but, significantly lower than 
After-RF (p<0.05).  

• Peak Running performance and 
RV4.0 at Beg-RF was Significantly low-
er than End-RF and After-RF (p<0.05).  

• Peak LA, HR, RPE responses to 
MSRT= no significant differences 

between Pre-RF, End-RF and After-RF 
(p<0.05).  

• No significant differences between 
Pre-RF, Beg-RF, End-RF and After-RF 
sessions for resting BLC, HR values 
(p<0.05). BLC and HR at 8km/h not 

significant changes before, during and 
after RF (p<0.05). BLC and HR at 10,11 

and 12 km/h were significant lower 
at After-RF compared with Beg-RF 

and Beg-RF.  BLC and HR at 11 km/h 
and 12 km/h were significantly lower 
than Beg-RF (p<0.05).  peak running 

performance and RV4.0 at Pre-RF was 
like Beg-RF (p<0.05).

LA-RV and HR-RF curves shifted to the right 
by the End-RF and After-RF, indicating an 

improvement in aerobic capacity during these 
periods. 

The main finding was that, when usual train-
ing regimen, sleeping time, daily energy in-

take and body fluid balanced were preserved 
through Ramadan, RF did not adversely 

aerobic exercise performance.  
3. although submaximal RPE responses in-

creased, LA and HR, Peak RV, Peak RT, Peak 
RD, and RV at AT also improved by the end 

of Ramadan.  
4. findings support the assumption that 

athletes who maintain their training load, 
sleep duration, energy intake and body fluids 

balance are unlikely to suffer any substan-
tial decline in aerobic exercise performance 

during the period of Ramadan.  
5. RF must represent a challenge for Muslim 

athletes.  
6. Ramadan fasting led to an increase in fat 
oxidation during submaximal exercise in 

regular trained athletes, delaying the onset of 
fatigue due to dependence of Carbohydrates 

as an energy source.

1. Submaximal blood LA assessment 
during incremental exercise is a useful 

tool for detecting changes in aerobic 
fitness, and the AT seems to be better 

indicator of aerobic fitness that VO2max.  
2. MSRT includes direction changes and 
accelerations that are common during 

soccer matches. this field test is preferred 
to assess aerobic fitness and LT in soccer 

players. 3. RV4.0 was also calculated as an 
indicator of onset AT (OBLA).

(Cerda-Kohler, et al. [3]) found a lack of agreement among various 
methods used to assess lactate threshold speed (LTspeed), although 
more consistent results were observed for lactate threshold heart rate 
(LTHR). Agreement in LTHR was noted particularly between VI, Dmax, 
DmaxM, and VI-DmaxM methods, whereas ICC analysis revealed no 
agreement between LTspeed and LTHR measures. One-way ANOVA 
showed that LTspeed was significantly higher when assessed with VI, 
DmaxM, and Dmax compared to the Log-Log method, and higher with 
VI and DmaxM than Dmax alone. For LTHR, values were significantly 
higher using VI, DmaxM, and Dmax versus Log-Log, and DmaxM yield-
ed higher values than Dmax. (Parpa et al. [6]) identified differences in 
speed calculations between VT2 and LT methods, except when using 
the Log-Log method. Within Group 1, significant differences emerged 
between VT2 and both Log-Log and FBLA (4 mmol/L) methods, as 
well as between V1 and Dmax. VI also showed greater agreement 
with mathematical methods, while Log-Log yielded lower LTspeed 
and LTHR values. (Loures et al. [14]) found no significant differences 
between test and retest values for AThoff, AThoff4.0, and AThoffBI, 

including HR at AT-speed. Significant correlations were observed for 
AThoff and AThoff4.0, but not for AThoffBI. Additionally, HR AThoffBI 
and HR AThoff were significantly correlated between test and retest. 
(Schwesig et al. [15]) reported position-specific differences in lactate 
threshold performance. Goalkeepers had the lowest velocities at all 
thresholds (V2: 10.7 ± 1.17 km/h, V4: 14.0 ± 1.06 km/h, V6: 15.5 ± 
1.08 km/h), while central midfielders had the highest (V2: 12.5 ± 
1.2 km/h, V4: 15.2 ± 1.14 km/h, V6: 16.6 ± 1.13 km/h). Endurance 
performance in the Wingate Anaerobic Test (WINGS) also differed 
significantly at all thresholds (V2: p = 0.035; V4: p = 0.047; V6: p = 
0.041), though no significant differences were found among field 
players. (McMillan, et al. [9]) observed increased running velocity at 
LT (vTLac and V4mM) from pre-season to October, with lower BLC 
at each velocity. No significant lactate response changes were noted 
at other testing points. Significant correlations were found between 
vTLac and V4mM (r = 0.87, p < 0.001), and between heart rate at both 
thresholds (r = 0.82, p < 0.001).
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These improvements were attributed to specific twice-weekly 
running sessions enhancing running economy. Lastly, (Güvenç, et al. 
[16]) studied the effects of Ramadan fasting, noting stable body mass, 
BMI, and fat-free mass throughout. Skinfold thickness decreased, in-
dicating fat loss. Running performance metrics showed initial stabil-
ity with subsequent improvements post-fasting. However, running 
velocity at 4.0 mmol/L and peak running performance were lower 
during and before fasting than afterward. Metabolic and cardiovas-
cular parameters remained stable overall, except for reduced BLC 
and heart rate at higher intensities post-fasting. These findings offer 
insights into physiological adaptations to fasting and their effects on 
soccer-specific performance.

Discussion
This narrative review aims to identify and critically evaluate the 

methodologies employed for determining the AT in soccer players, 
seeking to bridge the theoretical-practical gap in order to optimize 
athletic performance. By analyzing key studies, methods, and emerg-
ing trends, our objective is to determine the most effective approach-
es for assessing AT in the context of soccer, while highlighting their 
practical applications. Through a systematic synthesis of available 
evidence, we aim to provide coaches, athletes, and sports scientists 
with the tools necessary to enhance soccer performance. (Garcia, et 
al. [5]) proposed a promising equation (LEmin) for predicting the 
Maximum Lactate Steady State (MLSS), which demonstrated strong 
predictive power, explaining 70% of the variance in MLSS values—an 
improvement over previous models. However, the equation requires 
further validation across varied populations, including different 
genders and age groups, to ensure its generalizability. Although on-
field tests such as the Constant Velocity Running Test (CVRT) offer 
practicality, they also present limitations due to day-to-day variabil-
ity. In a related study, Yaeger et al. (2028) compared two MLSS de-
termination methods in competitive male cyclists and found that the 
Second Incremental Test (SIT), combined with the Visual Deflection 
from Baseline (TVis) method, outperformed the traditional VO₂max 
test, raising concerns about relying on a single incremental test for 
accurate MLSS assessment. (Erceg, et al. [16]) demonstrated that old-
er players (U-19) exhibit better adaptation to physical demands due 
to prolonged training exposure, reflected in increased capillarization, 
mitochondrial density, and aerobic capacity. Resting heart rate and 
pulmonary efficiency also improved with age. Their findings support 
the importance of early training intervention in youth and highlight 
the high cost and limited reproducibility of BLC analysis. In a similar 
vein, (Güler, et al. [5]) analyzed the effects of aerobic and anaerobic 
fatigue on balance in young female soccer players, finding that anaer-
obic fatigue particularly impaired balance and increased injury risk, 
especially considering sex-based differences. 

Both studies underscore the need for individualized training pro-
grams that account for age and gender-specific physiological differ-
ences, reinforcing the critical role of AT assessment in safe and ef-

fective performance optimization. (Cerda, et al. [3]) emphasized the 
lack of consensus among lactate threshold measurement methods, 
particularly regarding discrepancies between the Log-Log method 
and others. This highlights the need for a standardized gold standard. 
Similarly, Stanisław et al. (2016) studied judo athletes and found sig-
nificant correlations among several LT determination methods (LT4.0 
mmol, LT Log-Log, LT1 mmol), allowing coaches more flexibility when 
prescribing training intensities, although further research is needed 
to compare endurance requirements across combat sports. (Parpa, et 
al. [6]) found significant differences in speed calculations using VT2 
and LT methods, except when applying the Log-Log method, which 
showed greater internal consistency. While VT2 and KT yielded con-
sistent results in both groups, discrepancies emerged within Group 1 
between VT2 and Log-Log, and between VT2 and FBLA at 4 mmol/L. 
The study also confirmed greater agreement between VI and mathe-
matical methods. 

Despite its small sample size, it highlighted VT2’s potential as 
a non-invasive alternative for LT assessment. (Edwards, et al. [17]) 
compared AT and VO₂max, noting that while both reflect cardiovascu-
lar fitness, they are governed by different mechanisms—VO₂max by 
cardiac output and AT by peripheral muscle metabolism. Importantly, 
they emphasized the utility of lactate-based assessments as non-inva-
sive and practical tools in sports like soccer, where specific functional 
testing may offer more relevant information than general thresholds. 
(Loures, et al. [14,18]) focused on test-retest reliability of LT and 
MLSS assessments, both confirming the consistency of their respec-
tive methods. (Loures, et al. [14]) validated AThoff and AThoff4.0 for 
endurance training prescription, while Zagatto et al. found strong cor-
relations between soccer-specific testing (e.g., Hoff circuit) and key 
physiological markers. Their findings support the use of heart rate 
to guide training, echoing (McMillan, et al. [9]), who recommended 
HR and LT-based monitoring for optimizing in-season performance. 
(Schwesig, et al. [15]) revealed positional differences in running ve-
locity and lactate thresholds, with goalkeepers showing significantly 
lower velocities than midfielders, challenging the assumption of uni-
form fitness across positions. This contrasts with (Guner et al. [19]), 
who observed no significant age or position-based differences in 
young players, though cardiovascular efficiency did improve with age 
and training. These results highlight the need to individualize training 
by position and developmental stage. (McMillan, et al. [9]) also re-
ported improvements in running velocity at LT and 4 mmol/L (vTLac 
and V4mM) from pre-season to October, along with decreased BLC 
and strong correlations between vTLac, V4mM, and HR, supporting 
the value of targeted, systematic endurance training protocols. 

Lastly, studies by (Güvenç et al. [16, 20]) examined the effects of 
Ramadan fasting on performance, emphasizing the importance of in-
tegrating cultural awareness into sports science. Beyond physiologi-
cal monitoring, acknowledging athletes’ religious and psychological 
states is essential for inclusive and effective performance manage-
ment. Fasting affects not only physical output but also mindset and 

https://dx.doi.org/10.26717/BJSTR.2025.62.009712


Copyright@ :    Sergio L Jiménez-Sáiz | Biomed J Sci & Tech Res |   BJSTR.MS.ID.009712.

Volume 62- Issue 2 DOI: 10.26717/BJSTR.2025.62.009712

54401

emotional well-being, necessitating individualized strategies for hy-
dration, recovery, and load management. Respecting such cultural 
practices fosters athlete-centered coaching and contributes to both 
physical and mental performance sustainability.

Practical Applications to Soccer
Incorporating the findings from (Garcia et al. [21]), a practical ap-

plication for soccer coaches and trainers is the adoption of functional, 
cost-effective alternatives to determine maximal lactate steady-state 
velocity (MLSSv), notably through the use of the LEmin method, which 
has been identified as a reliable predictor. This approach reduces the 
cost and complexity of MLSS assessments, enhancing accessibility for 
both players and practitioners. By integrating LEmin-based equations 
into endurance monitoring protocols, coaches can optimize training 
prescription in a more efficient and personalized manner. These 
methods also streamline athlete monitoring by providing key insights 
into endurance capacity, which is essential for developing targeted 
aerobic training strategies. Moreover, aligning with the insights of 
(Erceg, et al. [5]), it is crucial to consider physiological differences 
across age groups when planning training programs. Coaches must 
tailor workloads and intensities according to players’ developmental 
stages to maximize adaptation and reduce injury risk. Combining low-
cost assessment methods with age-appropriate strategies enhances 
the precision of endurance evaluation and training planning in youth 
and senior soccer populations. (Erceg, et al. [5]) further underscore 
the importance of addressing age and gender when designing train-
ing programs. Coaches should implement individualized regimens 
that account for physiological differences, ensuring safe progression 
in load, volume, and recovery. AT assessment becomes essential in 
this context, guiding coaches toward training zones that reflect each 
player’s actual capacity and reducing the risk of overtraining or in-
jury. Personalized, age- and gender-specific programming supports 
athlete development and aligns with best practices in long-term ath-
letic preparation. From (Cerda, et al. [3]), it becomes evident that lac-
tate threshold (LT) assessments offer critical insight into endurance 
performance and can be used to fine-tune pre-season and in-season 
training loads. 

Monitoring LT values allows for adaptive, data-driven coaching 
that categorizes athletes by physiological profile and enables con-
tinuous performance evaluation. Importantly, LT assessment should 
be part of a broader, multifactorial approach to training that includes 
technical, tactical, and physical components. (Parpa et al. [6]) empha-
size the value of non-invasive methods for identifying physiological 
thresholds, particularly VT2 or the respiratory compensation point, 
as practical tools for training and performance assessment. Avoiding 
invasive procedures increases player comfort and makes threshold 
detection more feasible in applied settings. Integrating VT2 into rou-
tine assessments allows coaches to better understand players’ re-
sponses to match and training loads and refine aerobic development 

strategies accordingly. Similarly, Loures, et al. [14,20] advocate for 
soccer-specific testing environments, such as the Hoff circuit, which 
mirror the physiological and tactical demands of real-game condi-
tions. These tests provide accurate fitness assessments and help in 
planning training interventions that improve match readiness. Their 
findings support the use of lactate threshold assessments as regular 
tools in monitoring fitness evolution, enabling fine-tuning of aerobic 
and interval training, often using heart rate as a control metric. This 
aligns with (McMillan, et al. [9]), who recommend using fixed lactate 
zones (e.g., 2–4 mmol/L) for guiding aerobic work and improving 
running economy via structured interventions such as two-session-
per-week running drills or maximal strength training. (Schwesig et al. 
[14]) challenge the use of fixed lactate thresholds—like the standard 
2 mmol/L—in player monitoring, revealing that playing style and 
muscle fiber composition can significantly influence lactate dynamics. 

Fast-paced players tend to present higher initial lactate values 
and elevated responses under load, which calls for individualized 
threshold setting. A one-size-fits-all model may be insufficient; thus, 
coaches should consider personalized lactate profiles to adapt condi-
tioning programs more accurately. In contrast, Guner, et al. [18] ob-
served no significant differences in running velocity and heart rate 
by position or age in young players, though improvements in car-
diovascular efficiency with age were apparent, reinforcing the role 
of structured training in long-term development. McMillan, et al. [9] 
demonstrated that V-Tlac and V-4mM are both valid methods for as-
sessing LT, offering coaches simple and repeatable protocols to build 
personalized training plans. Emphasis on improving running econo-
my (Cr) through targeted interventions yielded notable performance 
gains, highlighting the value of ongoing aerobic capacity assessment. 
The use of blood lactate zones during training provides an effective 
guide for intensity prescription, facilitating aerobic optimization. Fi-
nally, the findings from Güvenç et al. [16,20] point to the importance 
of cultural sensitivity in athletic performance management, particu-
larly during Ramadan fasting. 

Recognizing the cultural and religious practices of players enables 
support staff to personalize assessments and training modifications 
with empathy and effectiveness. Strategies should consider individ-
ual needs related to nutrition, hydration, sleep, and recovery while 
respecting athletes’ beliefs and well-being. Cultural competence in 
coaching fosters a respectful and inclusive environment that supports 
both physical and psychological performance. In summary, the practi-
cal applications derived from this review underscore the importance 
of integrating individualized, evidence-based, and context-aware 
strategies for training and performance monitoring in soccer. Coach-
es and sports professionals are encouraged to combine physiological 
assessments, such as MLSS, LT, and VT2, with tailored programming 
that reflects the unique demands of each player—considering age, 
gender, cultural background, and position—thereby enhancing player 
development and maximizing on-field performance.
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Conclusion
This narrative review underscores the importance of optimizing 

the determination of the AT in soccer players by identifying the most 
valid and practical assessment methods. Accurate, individualized, and 
sport-specific testing protocols are essential to enhance player mon-
itoring and performance development. Variables such as age, gender, 
and cultural practices (e.g., fasting) must be taken into account when 
evaluating lactate-related responses. Additionally, the review advo-
cates for the integration of standardized lactate threshold measure-
ment techniques while also encouraging innovation in non-invasive, 
field-based protocols for endurance monitoring. Gender-sensitive 
research is particularly needed to refine protocols suited to female 
soccer players, a demographic historically underrepresented in this 
domain. Ultimately, advancing our understanding of threshold dy-
namics through improved methodologies will enable better training 
decisions and elevate the performance of soccer athletes at all levels 
[22-25].
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