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ABSTRACT

BACKGROUND: The short preparatory phase and dense competition period, that characterizes the swim and track macrocycle may induce

physiological stress and inefficient muscular adaptation. AIM: To investigate changes in markers of muscular adaptation (muscle thickness, muscle
strength, blood lactate) induced by swim-type and track-type training regimes in elite junior athletes. METHOD: The study included 39 runners and
20 swimmers. Frequencies (TF) and volume (TV) of each training type (sprint, resistance, endurance, plyometric) were collected using a training
regime questionnaire, along with internal training load (TL) which was determined using the session perceived exertion method. This data was
collected during the general preparation (T1), specific preparation (T2), and competition (T3) phase of the 28-week swim and track and field
macrocycle. Isometric muscle strength, muscle thickness (MTH), basal (b La-), and post-exercise lactate (POE La-) were measured at T1 and T3.
RESULTS: Statistical analyses revealed significant differences in training data at T1 only. Swimmers focused predominantly on endurance training
and were exposed to significantly less resistance training relative to runners (U=-4.52, p=0.01). Significant hypertrophic changes (A:3.43, p=0.01)
were observed among runners only, who also demonstrated greater overall strength improvements after adjusting data for baseline (T1) strength
values. Despite both groups exhibiting significant improvements in bLa- (p=0.01) and POE La- (p=0.01) levels, swimmers had more favorable
changes, after adjusting for T1 levels. CONCLUSION: Following the literature, swim-type training-induced more favorable metabolic changes, while
track-type training was successful in inducing functional (strength) and morphological (muscle thickness) changes. Improvements in strength and
lactate levels are indicative of increased resistance to muscle fatigue. Given that training protocols were most distinguishable at T1 with significant
variations in endurance and resistance training. It is recommended that coaches carefully consider the balance between endurance and resistance

training during this phase, to account for possible limitations in muscle adaptation markers as this may lead to increased vulnerability to fatigue.

INTRODUCTION

Research with young elite athletes has shown that insufficient time in the preparatory phase and limited recovery during competition induces

physiological and psychological stress across the season, which can then impact the adaptation to training stimuli (1). The relationship
between training stimuli and muscle adaptation follows the dose-response principle which explains the relationship between the
physiological stress associated with the frequency, duration, and intensity of the varying training modalities. Failure to effectively adapt to
the rigors of a training macrocycle has been hailed as a hallmark of muscle fatigue (2). Hypertrophic response and strength changes within
muscle groups have been extensively researched as key aspects of muscle adaptation (3-6). Studies have also provided evidence that peak
blood lactate is a possible indicator of performance status among well-trained runners (7) as this may provide insight into the adaptability of
muscles to sprint-type training (8, 9). However, the attempt to transfer findings to elite young athletes is futile as youth athletes differ from
adults in their metabolic capacity and (i.e., lower anaerobic capacities) and neuromuscular performance (i.e., lower ability to fully activate
muscles) as well as the risk of sustaining injuries (e.g., anterior cruciate ligament injuries) (10, 11).To the authors' knowledge, there is a
limitation in the literature regarding muscle adaptability using multiple markers of adaptation in response to a full swim and track macrocycle
of training. Given the adaptability of skeletal muscle to training, morphologically and physiologically tracking its response to current
traditional training regimes, may elucidate areas of weakness and strength within these programmes. Early detection of injury and fatigue
may facilitate better interventions in the approach to procuring the health of Jamaican junior athletes, thus facilitating a greater transition to

the senior level.

EXPERIMENTAL DESIGN
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Figure 1. Overview of experimental design. T1 — test session at the beginning of the preparation phase, T2- mid-way

the specific preparation period, T3 — test session mid-way the competition phase.

METHOD

Table 1: Demographic characteristics of participants.
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METHODS

Fifty-nine (59) junior elite athletes participated in this study, this included 20 swim athletes and 39 runners. Frequencies

(TF) and volume (TV) of each training type (sprint, resistance, endurance, plyometric) were collected using a training
regime questionnaire. Internal training load (TL) was determined using the session perceived exertion method. Training
data were collected during the general preparation (T1), specific preparation (T2), and competition phase (T3) of the 28-
week swim and track and field macrocycle. Isometric muscle strength, muscle thickness (MTH), basal (b La-), and post-
exercise lactate (POE La-) were measured at T1 and T3. Lactate levels were tested before, and after (3,8 and 15 mins) a

400m run and 50m swim for runners and swim athletes, respectively. Data was analyzed using SPSS ersio23 software.

Effect sizes were calculated by converting partial eta-squared to Cohen’s d.

RESULTS
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Figure 2: Cumulative training volume of swimmers and runners for each training type, within each training period.
During P1, swimmers were exposed to significantly less resistance (U=-4.52, p=0.01) and plyometric (U=-4.10, p=0.01) training

compared to runners. No significant difference in the training volume of any exercise type was observed during P2. During P3 there was

a significant group difference for resistance training volume (U=-2.58, p=0.01).
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Figure 3: Change in isometric muscle strength in swim and track elite athletes.(*p<0.05)

Small significant between group differences were observed in the upper body for right elbow flexors (ES=0.16, p=0.011), left elbow flexors (ES=0.28,
p=0.01), right shoulder abductors(ES=0.23, p=0.01), and a trivial significant between group difference was observed for the left shoulder abductors
(ES=0.09, p=0.01). In the lower body, small significant between group differences were observed in the right knee flexors (ES=0.44, p=0.01) and left knee
flexors (ES=0.40, p=0.01). While trivial significant between group differences were observed for the left (ES=0.07, p=0.01) and right knee extensors
(ES=0.02, p=0.01).
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Figure 4: Changes in muscle thickness in swimmers and runners between T1 and T2 (*p<.0.05)

(a)-rectus femoris, (b)-biceps, (c)-waist, (d)-Triceps

Statistical analyses revealed there were limited changes in muscle thickness. However, Significant hypertrophic changes (A:3.43, p=0.01)
were observed among runners only. Wilcoxon sign rank test revealed track-type training elicited a significant increase in rectus femoris
muscles (P1:15.74+3.42mm, P3:19.00+4.06mm, Z=-4.19, p=0.01) only. Swim type training was observed to elicit decreases in bicep
muscles (P1: 26.88+6.07mm, P3:21.36+5.42mm, Z=-2.74, p=0.01). Quade's ANCOVA analyses show that there were small significant
between group differences at P3 for rectus femoris (p=0.01, ES=0.35) when adjusted for MTH data obtained at P1.
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Figure 5. Change in bLa  (a) and POE La- (b) levels in junior elite athletes

There was a small significant main effect of time (ES=0.32, p=0.01) on POE La- only. However, using ANCOVA, with P1 POE Lalevels as
covariates, it was observed that changes across the season were not significant. Additionally, no significant group*time interaction (p>0.05)

POE La- or bLa- across the season.

CONCLUSIONS

Improvement in muscle strength and lactate levels are indicative efficient training adaptability (12-14). However, our results indicate that swimmers

comparatively showed limited improvement in strength and muscle size across the season, while runners exhibited comparatively higher basal and post
exercise lactate levels at T1 and T3. It can then be assumed that both groups exhibited varying maladaptive tendencies across the season. Failure to
effectively adapt to the rigors of a training macrocycle has been hailed as a hallmark of muscle fatigue (2). Additionally, the long-term athletic
development (LTAD) model suggests that there exists a window of adaptability beyond which adolescent athletes become less sensitive to training-
induced adaptation, thereby leading to potential failure in future athletic potential (15). Given the limited preparatory phase which runners and swim
athletes are exposed to, the window of adaptability may be further constrained for these individuals. Muscle fatigue is also regulated by training modality
exposure. Following the literature our study also indicated that swim type training was more conducive to metabolic adaptation, as its training protocols
focused predominantly on maximizing aerobic capacity and muscle endurance (16-18), while track-type training, which incorporates high levels of
resistance training, facilitated greater power and strength gains (19). It is therefore recommended that coaches carefully consider the balance between
endurance and resistance training, particularly within the general preparation phase, as this may ultimately impact training adaptability across the full

macrocycle.
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