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Abstract:

Background:

The magnitude  of  long-term changes  on  aerobic  endurance  indices  provides  useful  information  for  understanding any training-
induced adaptation during maturation.

Objective:

The aim of the present study was to compare changes in different aerobic endurance indices within two successive training years.

Methods:

Eight swimmers, (five male, three female; age: 14.1±1.5, height: 163.8±9.9 cm, body mass: 55.8±10 kg) were tested at four time-
points, before and after the 12-week specific preparation period, within two successive training years (at year-1: start-1, end-1, at
year-2: start-2, end-2). In each time-point were timed in distances of 50, 200 and 400 m front crawl to calculate the critical speed
(CS). Subsequently, performed 5x200 m front crawl progressively increasing intensity and the lactate concentration was determined
after each repetition. Using the individual speed vs. lactate concentration curve, the speed corresponding to 4 mmol.L-1 concentration
(V4) and the speed corresponding to lactate threshold (sLT) were calculated.

Results:

Aerobic endurance was increased from year-1 to year-2 (effect of time, p<0.05) and no difference was observed between V4, sLT
and CS at all time-points of evaluation (p>0.05). In year-1, V4, sLT and CS were unchanged even after the 12-week period (p>0.05).
During year-2 of training it was only V4 that was increased from start-2 to end-2 (p<0.05), whereas sLT and CS were unchanged at
the same period (p>0.05).

Conclusion:

The aerobic endurance indices change similarly throughout a two-year training, independent of the maturation. Possibly, V4 is more
sensitive to detect training adaptations during the specific preparation period in young swimmers.

Keywords: Long-term training, Lactate threshold, Critical velocity, Blood lactate, Biological maturation, Training adaptations.

1. INTRODUCTION

Aerobic endurance development is critical for competitive swimming especially during childhood and adolescence
and is frequently tested in swimmers of all ages [1, 2, 3]. In particular, swimming speed corresponding to blood lactate
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concentration of 4 mmol.L-1 (V4), swimming speed at Lactate Threshold (sLT) as well  as the  Critical Speed (CS) have
been highlighted as the most commonly used indices for assessing swimming endurance [2, 4, 5] and widely used to
monitor and develop training programs [1, 5]. Calculation of aerobic indices, such as V4 and sLT, requires the drawing
of a speed vs. lactate concentration curve after swimming repetitions of a specific distance (i.e. 200 or 300 or 400 m)
with progressively increasing swimming speed [4, 6]. Previous studies examined the effects of training on swimming
endurance indices [7, 8] and have reported significant changes in CV and sLT after twelve weeks of training [7]. In this
context, Toubekis et al. [8] observed different rate of change in the aforementioned swimming endurance indexes after
14 weeks of training. However, to date no study has compared the rate of changes in swimming endurance capacity in
young and developmental age swimmers longitudinally. The changes may be affected by the differences in maturation
and metabolic profile during this developmental period [9, 10].

Biological maturity has been proposed as an important factor that may affect the magnitude of training-induced
change in endurance capacity in young participants [11].  Additionally,  several  important  biomechanical  factors are
interacting with biological maturation and may also affect performance [12]. The abovementioned alterations are likely
affecting  the  progress  of  aerobic  endurance  during  maturation.  It  is  reported  that  the  trainability  of  endurance  and
aerobic power are different during maturation and dependent on the pubertal status [13]. Different factors (biological or
biomechanical) have been reported in swimming which may affect performance as swimmers mature [14]. However,
the effect of maturation on the development of endurance capacity after long-term training in young swimmers is still
obscure. Additionally, the aerobic endurance indices that commonly used to evaluate aerobic endurance may not show
similar  rate  of  change  during  maturation.  In  swimming  for  instance,  Mezzaroba  et  al.  [3]  noted  that  swimming
endurance indices may differ in certain ages (12-18 yrs). Importantly, it was found that young swimmers (10-13 yrs)
present slower CS compared to sLT, while adolescents the vice-versa [3].

Therefore, the purpose of the present study was to examine the influence of swimming training on V4, sLT and CS
after  twelve  weeks  with  a  comparable  training  content  applied  in  two  successive  annual  cycles  of  training.  We
hypothesized that the rate of change will be altered with increased maturation and this could be different among aerobic
endurance indices.

2. MATERIAL AND METHODS

2.1. Subjects

Eight swimmers, 5 males and 3 females (age 14.1 ± 1.5, age range: 13-16 years; height: 163.8 ± 9.9 cm; body mass:
55.8 ± 10 kg) participated in the study. All the swimmers had a training background of 3-4 years and trained for 6
sessions per week. The swimmers agreed to participate and parents or guardians signed a written informed consent
before the commencement of the study. The study was approved by the faculty review board and conformed to the
Declaration of Helsinki.

2.2. Study Design

According to the experimental design all swimmers were participating in two successive annual training cycles and
were tested at four time-points, two for each training cycle, before and after a 12-week training period (year-1: start-1,
end-1  vs.  year-2:  start-2,  end-2;  Fig.  (1).  The  12-week  training  period  corresponded  to  the  specific  preparation
mesocycle in both training cycles. The training content was recorded daily aiming to achieve the same training volume
and intensity in both 12-week specific preparation mesocycles.

2.3. Experimental Procedures

The week before the start and the week after the end of the specific preparation mesocycle in year-1 as well as in
year-2 all swimmers were participated in three testing days as follows. Day 1: the swimmers were tested in distances of
50 and 400 m front crawl applying maximum effort and following a 5-min active and 20 min passive recovery between
tests. Day 2: a 200-m front crawl maximum effort test was applied. Day 3: all swimmers performed five repetitions of
200 m (5x200-m) at intensities corresponding to 60, 70, 80, 90 and 100% of the 200-m maximum speed, starting every
5 min and 30 s. Fingertip blood samples were taken after each 200-m repetition and were immediately analyzed using
the reflectance photometry enzymatic reaction method (Accutrend Plus, Roche, Germany). A standardized warm-up
was applied before each testing session (400 m front crawl, 4X50 m freestyle kick, 4X50 m freestyle drill, 4X50 m
freestyle progressively increasing speed).  All  tests  were performed in a 25-m indoors swimming pool with a water
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temperature of 25-26oC.

Before the initiation of the experimental procedure an evaluation of the maturation was made according to Tanner &
Whitehouse [15]. The biological maturity registered from each swimmer separately at the beginning of the first year of
evaluation and at the beginning of the second year of evaluation.

Fig. (1). Experimental design applied for the study within two successive annual training cycles (year-1: start-1, end-1 vs. year-2:
start-2, end-2).

2.3. Determination of V4, sLT and CS

V4  was  determined  from  the  speed  lactate  curve  by  interpolation  of  the  individual  second  order  polynomial
function. sLT was determined by the x-axis projection of the intersection of the lines connecting the two higher and
three  lower  points  of  the  speed-lactate  curve  [4,  16].  From  the  three  timed  distances  (50,  200,  400  m),  the  linear
relationship of time vs. distance was drawn and the critical speed (CS) was determined as the slope of the regression
line [17].

2.4. Determination of Volume of Training and Training Zones

The training distance was recorded daily and training intensity was estimated using five levels (I, II, III, IV, V). The
training  intensity  levels  were  identified  by  the  speed-lactate  curve.  Specifically,  level  Ι  represents  blood  lactate
concentration ~2 mmol.L-1, level ΙΙ represents blood lactate concentration ~4 mmol.L-1, level ΙΙΙ represents blood lactate
concentration  ~6  mmol.L-1.  High  intensity  swimming  that  elicits  blood  lactate  levels  ~10  mmol.L-1  was  defined  as
intensity IV and maximal intensity sprint swimming as intensity V [18].

2.5. Statistical Analysis

Analysis of variance for repeated measures in three factors was used to compare the speed corresponding to three
aerobic endurance indices V4, sLT and CS (3 aerobic endurance indices X 2 years of training X 2 testing times per
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year). Sphericity was verified by the Mauchly’s test. When the assumption of sphericity was not met, the significance of
F-ratios  was  adjusted  according  to  the  Greenhouse-Geisser  procedure.  Multiple  comparisons  were  made  using  the
Tukey HSD post-hoc test. The student T-test for paired samples was used to examine difference of training volume
between year 1 vs. year 2 and the biological maturity for year 1 and year 2. The effect size for paired comparisons was
calculated with Cohen’s d using as denominator the pooled standard deviation. The effect size was considered small if
the absolute value of Cohen’s d was less than 0.20, medium if it was between 0.20 and 0.50 and large if it was greater
than 0.50 [19]. The data have been presented as mean ± sd and the level of significance was set at p<0.05.

3. RESULTS

3.1. Biological Maturity and Training Volume

The  biological  maturity  of  the  swimmers  according  to  Tanner  stage  was  increased  from 3.1  ±  1.1  in  year-1  as
compared to 4.0 ± 0.9 in year-2 of training Table (1). Regarding the training characteristics, the total distance of training
within the 12-week period of training was similar in year-1 compared to year-2 (year-1: 269250 m, year-2: 302225 m,
p>0.05). The distance covered in each training intensity level was also similar in year-1 compared to year-2 (Table 1).

Table 1. Distance covered (meters: m) in each training intensity level and biological maturity of swimmers (Tanner stage) at
year-1 compared to year-2, *: p<0.05.

Training Intensity Levels Year-1 Year-2
Level I (~2 mmol.L-1) 136100 169725

Level II (~4 mmol.L-1) 100700 89800

Level III (~6 mmol.L-1) 24000 28850

Level IV (~10 mmol.L-1) 1800 3600
Level V (Max) 6250 10150
Biological Maturity
Tanner Stage 3.1 ± 1.1 4.0 ± 0.9*

3.2. Changes of V4, sLT and CS

Independent of the evaluation indices used the overall aerobic endurance (considering all three indices together) was
improved at the end compared to the start of the 12-week training period and after year-2 compared to year-1 (main
effect start vs. end: 1.202 ± 0.077 vs. 1.245 ± 0.077 m∙s-1, p<0.05; main effect year-1 vs. year-2: 1.197 ± 0.086 vs. 1.251
± 0.070 m∙s-1, p<0.05). No interaction was observed between indices and year of training before and after the 12-week
training period (F(2,14)= 0.26, p= 0.77). In year-1 of training V4, sLT, CS were unchanged after 12 weeks of training (V4,
start-1: 1.160 ± 0.081, end-1: 1.209 ± 0.083 m∙s-1, d= 0.61, p>0.05; sLT, start-1: 1.168 ± 0.110, end-1: 1.199 ± 0.076
m∙s-1, d= 0.33, p>0.05; CS, start-1: 1.207 ± 0.091, end-1: 1.237 ± 0.125 m∙s-1, d= 0.29, p>0.05). On the contrary, during
the corresponding period of preparation during year-2 of training it  was only V4 that was increased from start-2 to
end-2 (V4, start-2: 1.226 ± 0.076, end-2: 1.287 ± 0.069 m∙s-1, d= 0.84, p<0.05), whereas, sLT and CS were unchanged
at the same period (sLT, start-2: 1.215 ± 0.068, end-2: 1.269 ± 0.066 m∙s-1; d= 0.81, CS, start-2: 1.238 ± 0.084, end-2:
1.269 ± 0.76 m∙s-1, d= 0.39, p>0.05; Figure 2).

3.3. Percentage Changes and Comparison of V4, sLT and CS

Αt year-1 and year-2, before and after the specific preparation training periods, no differences were observed among
V4, sLT, CS (p>0.05, Fig. (2). Moreover, the percentage changes in each one of the endurance indices from the start to
the end of the 12-week periods were no different during year-1 and year-2. All three indices showed similar changes
after the 12-week period in year-1 and year-2 (V4, year-1: 4.1 ± 2.8%, year-2: 4.7 ± 2.7% p>0.05; sLT, year-1: 2.6 ±
5.6%, year-2: 4.2 ± 2.8%; CS, year-1: 2.2 ± 4.2%, year-2: 2.5 ± 2.0%, p>0.05).

4. DISCUSSION

The purpose of this study was to compare changes in three well-known aerobic endurance indices, such as V4, sLT
and CS following a 12-week training period in two consecutive years. The main findings of the study indicate that: i)
aerobic endurance was improved after a 12-week training period and from year-1 to year-2, ii) V4 was increased after
12 weeks of training during year-2 but not year-1, iii) CS and sLT were not changed significantly within the 12-week
observation period of year-1 and year-2, iv) in all four testing periods V4, sLT and CS were not different and presented
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similar rate of change each year.

Fig. (2). Changes in speed corresponding to blood lactate concentration of 4 mmol.L-1 (V4), speed at lactate threshold (sLT) and
critical  speed  (CS)  in  year-1  (start-1,  end-1)  and  year-2  (start-2,  end-2)  at  the  corresponding  12-week  specific  preparation
mesocycles. The bars indicate the average value of all three indices combined. *: V4 start-2 vs. end-2, p<0.05; #: year-2 vs. year-1,
p<0.05; †: start vs. end in both years, p<0.05.

Considering  all  three  indices  together  the  aerobic  endurance  of  swimmers  was  increased  about  3.4%  (mean
improvement of V4, sLT and CS) after 12 weeks of training independent of year-1 or year-2. Improvements of 2 - 4%,
6.5% and 3.6% in CS,  sLT and V4 respectively,  have been reported after  12 and 14 weeks of  training in  previous
studies [7, 8]. Such an improvement has been attributed to the effect of progressively increasing volume of training
during this cycle of preparation [8]. As seen in Table (1), the training volume at training intensities I, II, and III (mainly
aerobic training) was increased compared to other training intensities.  Possibly the training volume is an important
factor and relates well  with changes in sLT during a period of training [8].  The similarity of changes in endurance
indices  between  our  study  and  previous  studies  is  probably  attributed  to  similar  weekly  volume  applied  in  the
aforementioned  studies  [7,  8].

Besides the improvement following a 12-week training period, the overall aerobic endurance was increased about
4% in year-2 compared to year-1 (main effect considering start and end values together in each year). This improvement
was mainly the effect of maturation since the training content within each 12-week period was similar during year-1
compared to year-2. Thus, biological maturity can be an important factor which has influenced the improvements in
aerobic endurance. Likewise, Kojima et al. [20], observed age related variations in physiological parameters of sport
performance during adolescence. These variations are attributable mainly to maturity status and size changes (e.g., limb
length,  height  and  muscle  mass)  and  become more  apparent  during  and  after  the  growth  spurt,  especially  in  boys.
Moreover, the improvement of all indices was the same in year-1 compared to year-2 indicating that independent of the
maturation stage the trainability of endurance is similar at different maturation stage as it has been reported in previous
studies [14].  However, a limitation of the present study is the different maturation stage of each individual and the
inclusion of both males and females. This may have led to a greater variation in endurance indices change after the 12-
week period of training. Furthermore, we applied only four evaluations during the two successive years of observation.
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It is likely that changes and differences between aerobic indices could present a different magnitude across training
periods. Despite these limitations, it seems that an increase in the biological maturity by one level (i.e. from Tanner
stage 3 to stage 4) may be critical for endurance and performance enhancement both in male and female swimmers of
this age-group [14, 21].

Despite the overall effect of training on endurance indices it is interesting to discuss the evolution of changes in
each aerobic endurance index separately. During year-1 all aerobic endurance indices were improved by 2.2 to 4.1% but
this improvement was not statistically significant. To explain this observation, we should consider that all swimmers
had already participated in a previous period of 12-week training, namely the period of general preparation, before they
participate in the first testing session at the beginning of the specific preparation period in the present study. Then, some
improvement  was  succeeded in  the  previous  preparation  period  allowing less  room for  further  improvement  in  the
specific preparation period. Previous research showed that V4, sLT and CS demonstrated less improvement in a second
as compared to the first training cycle [8].

In year-2 of training in the present study a significant improvement was observed in V4 only. This is confirmed
from the large effect size in this index (d= 0.84, large effect). Similarly, sLT showed also an improvement despite not
reaching significance (d=0.81, large effect). Such a change could be reflected to a 3-4 s difference for 100 m repetitions
during an endurance training set  and has practical  importance for  prescribing training pace.  It  is  likely then,  that  a
specific improvement of endurance around the intensity corresponding to 4 mmol.L-1 lactate concentration and sLT may
be achieved. This is possibly the combined effect of training content and biological maturation. A limitation of the
present  study  was  that  the  training  intensity  levels  were  controlled  by  the  time  to  complete  each  distance  in  each
training session but not with the actual lactate responses. Additionally, the training content at training intensity levels
IV and V increased in year-2 compared to year-1 and despite the difference was not statistically significant may have an
impact on the metabolic profile of the swimmers and their swimming economy. Increased training intensity may lead to
improvement of aerobic endurance and especially the aerobic power and it is likely that the longer distance of high
intensity training favored increased lactate production and anaerobic characteristics [22]. Furthermore, the increased
maturation  of  all  swimmers  in  year-2  may  have  affected  the  change  of  V4  slightly  more  than  sLT  since  a  greater
improvement on performance and net lactate production has been observed in more mature compared to less mature
swimmers [14].

Besides some percentage variation, the three aerobic endurance indices showed similar trend of evolution and were
no different among them at any one of the four testing points in the present study. However, this observation does not
indicate that  the three indices can be used interchangeably since 1-2% difference in swimming speed could induce
different metabolic responses during a training set [23]. Comparing the three indices we should consider limitation of
the methodology used for their calculation. Briefly, the points used to draw the speed-lactate curve, the mathematical
model used to calculate the sLT or the interpolation method used for V4 location (i.e. linear or polynomial) [16, 24] and
finally the distances used to derive CS [16, 25, 26] are all affecting the results.

CONCLUSION

In successive training years and during the specific preparation period the aerobic endurance indices are improving
by ~2-4% each year and are not different among them. This indicates that trainability of aerobic endurance is similar
during the maturation period and specifically after a one unit of Tanner stage change. The aerobic endurance indices
change  similarly  throughout  a  two-year  training,  independent  of  the  maturation  but  coaches  should  not  use  them
interchangeably as even slight differences could impose a different training load to young swimmers. Possibly, V4 is
more sensitive to detect training adaptations during the specific preparation period in young swimmers.
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