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Abstract  
The objectives of this study were to design a field test based on 
the Conconi protocol to determine the ventilatory threshold of 
rowers and to test its reliability and validity. A group of sixteen 
oarsmen completed a modified Conconi test for on-water row-
ing. The reliability of the detection of the heart rate threshold 
was evaluated using heart rate breaking point in the Conconi test 
and retest. Heart rate threshold was detected in 88.8% of cases 
in the test-retest. The validity of the modified Conconi test was 
evaluated by comparing the heart rate threshold data acquired 
with that obtained in a ventilatory threshold test (VT2). No 
significant differences were found for the values of different 
intensity parameters i.e. heart rate (HR), oxygen consumption 
(VO2), stroke rate (SR) and speed (S) between the heart rate 
threshold and the ventilatory threshold, (170.9 ± 6.8 vs. 169.3 ± 
6.4 beats·min-1; 42.0 ± 8.6 vs. 43.5 ± 8.3 ml·kg-1·min-1; 25.8 ± 
3.3 vs. 27.0 ± 3.2 strokes·min-1 and 14.4 ± 0.8 vs. 14.6 ± 0.8 
km·h-1). The differences in averages obtained in the Conconi 
test-retest were small with a low standard error of the mean. The 
reliability data between the Conconi test-retest showed low 
coefficients of variations (CV) and high intraclass correlation 
coefficients (ICC). The total errors for the Conconi test-retest 
are low for the measured variables (1.31 HR, 0.87 VO2, 0.65 
SR, and 0.1 S). The Bland-Altman’s method for analysis valid-
ity showed a strong concordance according to the analyzed 
variables. We conclude that the modified Conconi test for on-
water rowing is a valid and reliable method for the determina-
tion of the second ventilatory threshold (VT2).  
 
Key words: Field test, anaerobic threshold heart rate, ventila-
tory threshold. 
 

 

 
Introduction 

 
Rowing is considered an endurance sport, where the en-
ergy required to cover the 2000m of a regatta is divided 
approximately into 70% aerobic and 30% anaerobic me-
tabolism (Secher, 1993). It has been demonstrated that in 
the first 500m of a competition primarily anaerobic me-
tabolism is used. Then up to 1800m, the aerobic metabo-
lism predominates, but in the final 200m anaerobic me-
tabolism again predominates (Nilsen et al., 1993).  An-
aerobic threshold is a decisive parameter in the perform-
ance of a rower.  

From Wasserman first definition of anaerobic 
threshold to the present day, a large amount of research 
has been carried out on this topic. Currently, it is consid-
ered best practice to refer to the anaerobic threshold as 
aerobic-anaerobic transition, as there is no exact point 
where the change between aerobic-anaerobic metabolisms 

occurs. In this way the aerobic threshold corresponds to 
the first increase of blood lactate, and the anaerobic 
threshold to the maximal lactate steady state (MLSS) in 
the blood (Meyer et al., 2005).  

However, the latest research shows that the lack of 
oxygen does not cause a lactate release in the blood. Dur-
ing incremental exercise, it has been proven that there are 
other factors which may cause increases of lactic acid in 
the blood such as the activation of the B-adrenergic sys-
tem.  

Various methods exist for the determination of the 
anaerobic threshold - lactate concentration, gas exchange, 
and heart rate are variables used to detect the threshold by 
various methods, with greater or lesser accuracy of the 
determination. In 1982, Conconi et al. (1982) proposed a 
method to determine the anaerobic threshold in runners by 
analysing the relationship between heart rate, running, 
and velocity. During continuous, incremental exercise, 
heart rate increases at a linear rate up to a specific point 
(the point of deflection). At which heart rate deviates 
from linearity, the so-called point of deflection which was 
shown to be related to the lactate anaerobic threshold 
(Conconi et al., 1982). This method has been used in 
running, cycling, canoeing, rowing, and swimming 
(Droghetti et al., 1985; Droghetti, 1986; Hofmann et al., 
2007). We are not aware of its having been studied in 
depth with rowers in field conditions and we suggest it is 
a valid and reliable method for the detection of the an-
aerobic threshold in on-water rowing. 

Doubts have been raised about the Conconi 
method as a result of either low reproducibility in the 
detection of the point of deflection of heart rate, or lack of 
corroboration of the results obtained using other methods, 
(Francis et al., 1989; Jones and Doust, 1995; 1997; Kara 
et al., 1996; Kiupers et al., 1988; Nicolaizik et al., 1998; 
Schmid et al., 1998; Thorland et al., 1994; Vachon et al., 
1999). As a result, Conconi et al. (1996) published a fol-
low up of their original contribution (Conconi at al., 
1982). Other authors, such as Ballarin et al. (1996), Hof-
mann et al. (1994; 1997; 2007) and Petit et al. (1997), 
Ribiero et al. (1985), have demonstrated the validity and 
reliability of this method for the evaluation of anaerobic 
threshold. The method has great advantages in that it is 
non-invasive.  

The most frequently used variables to determine 
the anaerobic threshold in athletes are lactate concentra-
tion and gas exchange analysis. Both are proven methods 
which are usually used to demonstrate the validity of 
other, newer, methods. The V-slope method developed by 
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Beaver et al. (1986) is based on the relationship between 
oxygen consumption (VO2) and the production of carbon 
dioxide (CO2) during continuous and incremental physical 
activity (respiration quotient). VT1 is defined as the first 
increase in VE accompanied by an increase in the respira-
tory equivalent for O2 (VE/VO2). VT2 is defined as an 
abrupt increase in VE accompanied by an increase in both 
respiratory equivalents for O2 (VE/VO2) and CO2 
(VE/VCO2).  

A significant relationship between the VT2 and the 
maximal lactate steady state (MLSS) has been found by 
several researchers (Hofmann et al., 1994; Lucia et al., 
1999; Wonisch et al., 2003). Hofmann et al. (1994) re-
ported the possibility of determining the intensity of exer-
cise at MLSS by means of the heart rate deflection point. 

The aim of the study was to evaluate the validity of 
the Conconi method modified for on-water rowing in 
order to determine the anaerobic threshold and to compare 
it to the second ventilatory threshold (VT2). In addition, 
reliability of the Heart Rate Threshold was determined by 
means of a re-test in identical conditions. 
 
Methods 
 
Subjects 
Sixteen male lightweight category oarsmen voluntarily 
participated in the study. They had all been rowing for at 
least four years and trained 6 days a week for 2 hours per 
training session. They all competed at national and inter-
national levels. The age range was from 19 to 26 years 
with a mean age of 22.1±2.3. The mean weight, percent-
age of body fat and height were respectively, 75.8 ±7 .3 
kg, 8.8 ± 1.5%, and 1.78 ± 0.04 m.  

Data were treated in line with national data protec-
tion protocols relating to personal details. 
 
Experimental approach to the problem 
This study tried to evaluate the validity and reliability of 
the modified Conconi test for rowing (dependent vari-
able), compared with the ventilatory method (independent 
variable). The protocol designed is valid to determinate 
the anaerobic threshold heart rate (ATHR) and ventilatory 
thresholds (VT1 and VT2). Although blood lactate is con-
sidered the gold standard to determine the anaerobic 
threshold (AT), this variable cannot be applied in on wa-
ter rowing without substantial breaks between load steps 
which will influence the outcome substantially. There are 
significant changes in the final results due to multiple 
stops and starts to be performed by the rowers, along with 
the excessive time required to collect samples of lactic 
acid. Furthermore, the evaluation of performance in ath-
letes must be as specific as possible.  
 
Procedure 
 
Protocol 
The athletes were informed of the nature of the tests and 
were familiarised with all of the different apparatus to be 
used. Subjects were required to abstain from any exhaust-
ing physical activity in the 48 hours prior to the test or 
consume any type of stimulant (coffee, tea, colas, nico-
tine, etc) either the day before or on the day of the test as 

this could affect the results. The study was performed in 
accordance with ethical principles for medical research 
involving human subjects and in accordance with ethical 
standards (Harris and Atkinson, 2009). 

 Body mass was obtained using mechanical scales 
(Shoenle model) with a range of 0 to 150 kg, and an accu-
racy of 50g for body weight. Height was measured with a 
Seca anthropometer accurate to 1mm. In addition, Holtain 
callipers, with an accuracy of 0.5mm were used to meas-
ure skin folds to calculate the body fat percentage.  

Body fat was determined according to the equation 
by Whiters et al. (1987). Six skin folds were measured 
(triceps, subscapular, iliac crest, abdominal, anterior thigh 
and medial calf). 

The procedure we designed to determine the an-
aerobic threshold heart rate (ATHR) and ventilatory 
threshold (VT2) was maximal, continuous, incremental 
and progressive and the test was carried out in a single 
scull. The test needs to be done on a large body of water 
of around 4 or 5 km, given that it is a continuous test 
where the oarsman rows in a straight line for 12 to 15 
minutes without interruptions and does not turn the boat. 
The workload of each stage was determined by stroke 
frequency and average speed at each stage. Starting stroke 
rate was set at 18 strokes per minute, and was increased 
by 2 strokes in each subsequent minute. Average starting 
speed was established at 12 km·h-1, and increased by 0.5  
km·h-1 every minute. Boat speed was calculated as the 
average speed within a stroke cycle. The boat speed per 
stroke rate for every load step was calculated in previous 
unpublished studies. The intensity increase at each stage 
was adjusted in such a way that the increase in the heart 
rate of the athletes between consecutive stages was less 
than 8 beats per minute according to Conconi et al. 
(1996). The test was stopped when subjects were not able 
to sustain the imposed rhythm or showed clear signs of 
exhaustion. The design of the procedure incorporated the 
latest guidelines proposed by Conconi et al. (1996).  

Before the tests all subjects completed a 20 min 
standardised warm up following the recommendations of 
Conconi et al. (1996). All tests were conducted at an air 
temperature of 15-20 ºC, humidity 75-90%, non-windy 
and on calm water.  

In order to assess the reliability of the results, a 
second test (retest) was conducted with all subjects under 
the same conditions. The elapsed time between the test 
and retest was 72 hours in order to ensure complete re-
covery. Prior to testing each subject, all measuring appa-
ratus was checked.  

The VT2 was established as the second linearity 
break point of VE accompanied by an increase in respira-
tory equivalents for O2  and CO2 (Figure 1). 

The heart rate deflection point was established by 
means of simple linear regression between heart rate, 
stroke rate, and average boat speed. Average boat speed 
(S) and stroke rate (SR) served as progression criteria of 
the test and indicators of the same (Figure 2).  

Gas exchange was measured with a VO 2000 Port-
able Metabolic System gas analyzer (Medical Graphics, 
St. Paul, MN). This analyzer can be carried in a backpack 
by the athlete during the test. This equipment measures 
micro-samples of expired gases using the respiratory 
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cycle method (Breath by breath). Among the parameters, 
which this apparatus can determine, are: oxygen con-
sumption (VO2), carbon dioxide production (VCO2), min-
ute ventilation (VE), heart rate (HR), respiratory exchange 
ratio (RER), ventilatory equivalent for oxygen production 
(VE/VO2), ventilatory equivalent for CO2 production 
(VE/VCO2) and metabolic equivalents (METS). The 
portable analyzer was prepared and calibrated with gases 
of known concentration according to the manufacturer’s 
instructions. 
 

 

 
 

Figure 1. Determination of second ventilatory threshold 
(VT2) during the on-water rowing test. 
 

 

 
 

Figure 2. Determination of anaerobic threshold heart rate 
(ATHR) during the on-water rowing test. 
 

A Polar S-810 Sport Tester heart rate monitor (Po-
lar Electro, Kempele, Finland) was also used and encoded 
for use with the gas analyzer which enabled heart rate to 
be shown directly on the computer screen and integrated 
with the other respiratory parameters. 

The  speed of the boat required in each stage of the 

test was determined using an eTrex Summit GPS system 
(Garmin International Inc). This instrument has a receptor 
with 12 channels in parallel, and a positioning accuracy 
lower than 15 m, and a speed accuracy of 0.05 m·sec-1. 
(see detail at http://www8.garmin.com/specs/  
eTrex_spec_sheet_0105.pdf) 
 
Statistical analysis 
All data are described as means and Standard Deviation 
(SD). Dispersion diagrams were used to analyse the de-
gree and type of dependency between the different vari-
ables. If linear relationships were observed between vari-
ables, correlation coefficients were calculated to deter-
mine the degree of intensity. 

Linear regressions using the variables SR-HR and 
S-HR for each athlete were carried out to determine heart 
rate deflection point in the Conconi test on water. 

The Kolmogorov-Smirnov test was used in order 
to check the normal distribution of the studied variables. 
The equality between the means, pair test-retest (to ana-
lyze the possible systematic bias), was compared by using 
the usual paired T-test. In addition, coefficient of varia-
tion (CV) was used in order to assess within-subject 
variation. The retest correlation is calculated by the intra-
class correlation coefficients (ICC). Bland-Altman plots 
are carried out in order to check the reliability of the test. 
Finally, validity was determined by the application of a 
Bland-Altman analysis (Bland and Altman, 1986) and a 
Passing-Bablok regression (Passing and Bablok, 1983).  

Test-retest relationship was evaluated following 
the issues indicated in Atkinson and Nevill (1998). Statis-
tical analysis was conducted using the free software 
R.2.10 (www.r-project.org). 
 
Results 
 
All variables were normally distributed. The Pearson’s 
correlation coefficient obtained between the variables 
HR-SR and HR-S in the on-water Conconi test were 0.96 
and 0.97 respectively, indicating a strong direct linear 
correlation between heart rate and stroke rate, as well as 
heart rate and boat speed. 

The results of two oarsmen were excluded from 
the second part of the study as the point of deflection was 
not seen for either athlete. 

No significant differences were observed between 
the variables HR, VO2, %VO2 max, SR and S when com-
paring data from the VT2 and ATHR. ATHR was found at 
92% of HRmax and 73.7% of VO2 max (Table 1). The mean 
differences between VO2, SR and S at the ATHR and the 
VT2 were only 2.5%, 3% and 2% respectively.  

Table 2 shows some statistics related to the reli-
ability of the modified Conconi test for on-water rowing.  
As argued in the reliability analysis, the data can be as-
sumed as homoscedastic (four absolute correlations lower 
than 0.2). 

From the correlations between the individual aver-
age of the test-retest values and the absolute value of their 
differences, it can be concluded that random errors are not 
related to the measured values (the four absolute values 
for the correlations are lower than 0.2) and the data can be  
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Table 1. Means (±SD) for heart rate (HR) oxygen consumption (VO2), percentage of maximal oxygen consumption (%VO2 

max), stroke rate (SR), boat speed (S) at ventilatory threshold (VT), anaerobic threshold heart rate (ATHR) and maximal 
(Max) data during on-water Conconi testing.   

N = 16 HR (beats/min) VO2 (ml/kg/min) % VO2max SR S (Km/h) 
ATHR 170.9 (6.8) 42.0 (8.6) 73.7 (9.4) 25.8 (3.3) (77%) 14.4 (.8) (89%) 
VT2 169.3 (6.4) 43.5 (8.3) 76.2 (8.6) 27.0 (3.2) (80%) 14.6 (.8) (91%) 
Max 186.6 (7.5) 57.2 (10.4) 100 33.5 (3.0) (100%) 16.1 (.8) (100%) 

 
assumed to be homoscedastic.  

Figure 3 depicts the Bland-Altman plots for the re-
liability analysis. To analyze the validity of the modified 
Conconi test for on -water rowing, the Bland-Altman 
method was used (Bland and Altman, 1986) and regres-
sions were carried out according to Passing and Bablok 
(1983) (Figure 4, Table 3). 
 
Discussion 
 
Since Conconi et al. (1982) published his method for the 
first time; the method has been applied to various sports, 
frequently with varying results. Much of the criticism has 
been related to poor reliability in the detection of the 
Anaerobic Threshold Heart Rate (Francis et al., 1989; 
Jones and Doust, 1995; 1997; Kara et al., 1996; Kiupers 
et al., 1988; Nicolaizik et al., 1998; Schmid et al., 1998; 
Thorland et al., 1994; Vachon et al., 1999). 

A test is considered to be reliable when the differ-
ences between test and retest are insignificant, the within-
individual variations are low, and the retest correlations 
are high. In this study, in order to test the reliability of the 
modified Conconi test on water for rowers, the field test 
was repeated in similar conditions. Pearson’s correlation 
coefficients for the variables HR-SR and HR-S between 
the test and retest were calculated to be 0.96 and 0.97 
respectively. The point of deflection of the heart rate was 
detected in 88.8% of cases. Two athletes did not clearly 
exhibit the point of deflection in either the test or retest 
and, as a result, their data were not included in the second 
part of the study. 

The percentage error in the detection of ATHR 
(11.2%) is low, given that this was a field study where 
results can be affected by environmental factors such as 
the wind, currents or waves. Although care was given to 
the selection of the day and the location of the tests, tests 
conducted in the field are always subject to a greater 
number of variables which may influence the reliability of 
results more than a laboratory test. Despite this, the re-
sults obtained from such tests are excellent predictors of 
an oarsman’s performance capacity in race conditions. 
Various authors have found differing percentage errors in 
the detection of ATHR varying from the 3.2% found by 
Celik et al. (2005), to the 20% encountered by Bauder et 
al. (1994). On the other hand, Hofmann et al. (2007) on a 

rowing ergometer exercise determined the ATHR in all 
subjects. We suggest that the percentage of error in the 
present study can be attributed to technical deficiencies of 
one or more of the athletes, or certain oarsmen’s lack of 
experience with this type of test. We have found that a 
necessary condition for the successful detection of ATHR 
is that the subjects have rehearsed for the test, or have 
completed a similar test previously. Hofmann et al. (1997) 
showed in incremental cycle ergometer exercise that only 
85.9 % of subjects presented a “regular” deflection of the 
heart rate performance curve. This may be consistent with 
our observations.  
It can be seen from the analysis of the reliability data of 
the Conconi test for rowing on-water designed by us that 
all indices are within the adequate range. A small system-
atic bias was observed, probably caused by some learning 
effects. Table 3 demonstrates that no significant differ-
ences exist between the means for the variables HR and S. 
The especially small variability in the test-retest differ-
ences for VO2 and S, proves that the small observed bias 
(both lower than 10%) will be significant.  Homoscedas-
ticity makes the errors more relevant in the lowest meas-
ures, however, from the Bland-Altman plots (Figure 3) 
and the intraclass correlation coefficient (ICC) (Table 2), 
it can be concluded that the Conconi test allows a good 
approximation from the considered variables (taking into 
account its variability in the studied population). A learn-
ing effect has been detected (re-test mean values are 
slightly higher than test ones), and a familiarisation proc-
ess could improve the final results. On the other hand, the 
recovery time between test-retest was sufficient for this 
type of test. The observed random test-retest errors can be 
considered low. We want to highlight that they are from 
field tests. The highest observed differences are related to 
the HR variable (10.24 beats·min-1) and the smallest one 
is for SCT (0.80 km·h-1). It is necessary to point out that 
ideal conditions for field tests carried out on rowers 
(without any wind, waves and currents) are extremely 
difficult to achieve. Therefore, we can conclude that the 
total errors for Conconi test-retest are suitable for this 
kind of problems and for the measured variables (1.31 
HR, 0.87 VO2, 0.65 SR, and 0.1 S). Furthermore, the 
differences for oxygen consumption and speed could be 
attributable to two rowers who had a lower level of fitness 
than    the    others  as  a   result   of   physical   difficulties

 
    Table 2. Data (n = 16) for Passing-Bablok regression.  

 Test Retest Paired T-test 
 Mean (±SD) (±SE) Mean (±SD) (±SE) Differences (±SD) p-value 

CV 
(%) 

ICC* (Single rating) 

HRCT 170.9 (6.9) 1.72 172.3 (6.7) 1.68 -1.37 (5.23) .310 2.19 .704 (.34 - .88) 
VO2CT 42.1 (8.6) 2.15 45.0 (8.0) 1.99 -2.93 (3.49) .004 6.25 .862 (.43 -. 95) 
SRCT 25.9 (3.3) .83 26.4 (2.8) .69 -.50 (2.58) .450 7.37 .645 (.24 - .86) 
SCT 14.4 (.8) .20 14.7 (.8) .20 -.24 (.41) .034 2.03 .847 (.56 - .94) 

HRCT = Heart Rate in the Conconi Test, VO2CT = Oxygen Comsuption in the Conconi Test, SRCT = Stroke Rate in the Conconi Test, SCT = 
Speed in the Conconi Test, CV = Variation coeficient, ICC = Intraclass Correlation Coefficient. *  95% CI. 
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Figure 3. Bland-Altman plots for analysis of reliability. 
 

experienced during the season. 
The Conconi protocol modified for rowing on wa-

ter was also shown to be a valid protocol for the calcula-
tion of VT using the V-slope method as it is a continuous, 
progressive, staged maximal test. In all subjects a clear 
point corresponding to the VT2 was obtained. In order to 
check the validity of the Conconi method adapted to on-
water rowing, the data obtained in the anaerobic threshold 
heart rate (ATHR) were contrasted with those obtained in 
the second ventilatory threshold (VT2). The random errors 
do not depend on the magnitude of the measurement (ho-
moscedascity) and the Bland-Altman analysis (Figure 4) 
concluded that the limits of agreement (with the reference 
ventilatory measures) are not significantly different to 
those obtained from our own Conconi test variation (test-
retest analysis). The Bland-Altman analysis suggests an 
acceptable reliability for the Conconi test (although more 
trails must be carried out in order to avoid a training ef-
fect) and an adequate concordance with the ventilatory 
method for the measurement of the anaerobic threshold 
field tests among rowers. Carrying out a Passing-Bablok 
regression (Passing and Bablok, 1983) demonstrated that 

all data were within the accepted limits (confidence level 
of 1 for the slopes, and 0 for the constants). As such this 
confirms our belief that the modified Conconi test for 
rowers on water, as designed for this study, could be used 
as a valid test for the determination of anaerobic threshold 
in rowers. Grazzi et al. (2008), found a strong concor-
dance for oxygen uptake at the ATHR and VT applying a 
Bland-Altman analysis in cyclists. However, Carey 
(2002), in a study of the validity of the Conconi test, con-
cludes that in such studies the measurement error of HR is 
unacceptably high, possibly due to the characteristics of 
the samples studied.  

Analyzing the data obtained in the modified Con-
coni test for rowers on-water it can be observed that the 
mean values are very homogenous, with very little varia-
tion between them (see Table 1). Other studies (Bourgois 
and Vrijens, 1998; Jones and Doust, 1995; 1997; Kara et 
al., 1996; Kuipers et al., 1988; Thorland et al., 1994; 
Vachon et al., 1999; Hofmann et al., 2007) have found 
higher heart rate at ATHR, similar in fact to that found at 
the threshold at 4 mmol of lactate or coincide with VT2. 
The age of subjects is an important factor to take into 

 
Table 3. Data for Conconi test-retest. Means, standard error of the mean (SEM). Paired T-test between Conconi test-retest 
with P-values. Coefficients of variation (CV) and intraclass correlation coefficients (ICC). 

 HRCT-HRVT VO2CT-VO2VT SRCT-SRVT SCT-SVT 
Constant *  0.00 (-198.6-76.5) 2.18 (-13.75-11.91) -1.00 (-7.25-13.00)  0.15 (-11.55-2.54)  
Slope 1.00 (0.54-2.17) 0.96 (0.72-1.37) 1.00 (0.50-1.25)  1.00 (0.83-1.80)  
Test for linearity p > 0.10 p > 0.10 p > 0.10 p > 0.10 

           * 95% CI 
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 Figure 4. Bland-Altman method for analysis of validity.  
 

account when heart rate is studied. In the present study, 
the ATHR was determined in 88.8 % of cases (age: 22 
yr). This result is in agreement with data presented by 
Hofmann who showed percentages of 86% and 88.8% 
respectively (Hofmann et al., 1997; 2007). In contrast, 
Lucia, in subjects aged 62 years old, the percentage in the 
ATHR was only 31% of cases (Lucia et al., 2000). This 
suggests that in older athletes the curvilinear performance 
is rather unlikely. On the other hand, our %HRmax in the 
ATHR, 91.5%, was similar to that found by Hofmann, 
90% and 88.4% respectively (Hofmann et al., 1997; 
2007). In contrast, Bourgois et al. (1998) determined the 
%HR max in the ATHR in 95%. This higher data is pos-
sibly due to the age of subjects (17 yr). Hofmann et al. 
(2007) carried out a study with rowers determining the 
heart rate turn point (HRTP) in an incremental rowing 
ergometer exercise test and applied it in a prolonged exer-
cise test. Our data is in agreement with data presented by 
Hofmann et al. (2007) showing similar values at ATHR 
and VT2. 

 
Conclusion 
 
Our data suggest that the ATHR matches with the VT2 
and it is a valid tool for the determination of anaerobic 
threshold in field tests among rowers. The limitation of 
this study may be the width of the limits for the HRCT 

and VO2CT; variables and make further research neces-
sary with the aim of generalizing these results.  
 
Practical applications  
 
The modified Conconi test for on- water rowing has many 
advantages. No expensive equipment is necessary, it is a 
non-invasive test, and it is carried out in the same condi-
tions as the rowers’ training. However, it is a field test, it 
is very important to reduce the percentage of errors. Row-
ers must be thoroughly familiarised with the test protocols 
and two pre-tests of familiarization are necessary to re-
duce systematic bias. The use of a gas analyzer during the 
tests can be an obstacle in the normal respiratory cycle 
stress in oarsmen not familiarised thoroughly with its use. 
Besides, some specific weather conditions (such as an 
absence of wind, currents, and waves) are essential in 
order to reduce random error.          

According to Conconi et al. (1996), a key factor in 
the correct detection of ATHR is that the increments in 
intensity between stages are minimal in order to ensure 
maximum progression through the test. The greater the 
experience of the oarsman, the better his/her ability to 
know at any given moment at what speed or stroke rate 
he/she should make. We may assume that ATHR may be 
suitable for its application in training regulation with 
rowers. 
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Key points 
 
• The Modified Conconi test for on-water rowing is a 

simple and non-invasive method for the determina-
tion of anaerobic threshold for on-water rowing. 

• The modified Conconi protocol for rowing was also 
shown to be a valid protocol for the calculation of 
the second ventilatory threshold using the ventila-
tory method. 

• The Bland-Altman analysis suggests an adequate 
concordance for the modified Conconi test with the 
ventilatory method for the measurement of the venti-
latory threshold. 
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