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(Abstract)

Post-activation potentiation (PAP) is a phenomenon where the exertion capabilities of a muscle temporarily
increase after strong muscle contractions. This phenomenon may result in performance improvements;
however, studies on the effectiveness of PAP on increasing performance show conflicting results. These
conflicting results may be attributed to the different factors that play a role in the induction of PAP. To induce
PAP, a balance between muscle activation and muscle fatigue is necessary. Therefore, specific exercises must
be performed during conditioning to induce PAP. Evaluating jump performance after squat exercises can
provide useful information on PAP induction in the muscle groups of the lower limbs. However, a wide range
of variables beyond exercises performed can affect PAP induction. The previous studies identified
inconsistencies in variables such as intensity, quantity, and velocity of the squat exercises being performed, but
the effect of these variables on inducing PAP have not been sufficiently examined. Individual differences also
factor into the effectiveness of inducing PAP. To account for these variables, lifting velocity can be measured.
Lifting velocity in squat exercises are known to have little fluctuation and stable values; therefore, using the
rate of lifting velocity lost during exercises is an ideal evaluation method to quantify the amount of effort an
individual exerts. In other words, muscle activation and fatigue may be appropriately controlled to induce PAP
by using velocity-based conditioning activities. However, research on the effectiveness of inducing PAP based
on velocity-based conditioning is limited.

Thus, the purpose of this study was to examine the effects of the intensity, quantity, and velocity of squat
exercises on inducing PAP and to examine a new evaluation method for conditioning activities using rate of
velocity loss.

In Chapter I: Introduction, we examined the factors that affect PAP, the academic significance, and the
science related to lower limb muscle function enhancement and explosive force production. We also
summarized the scope of this study, and the contributions this study makes to improving sport performances.
We described the findings of previous PAP research, and the issues with the current methods used to induce
the PAP phenomenon.

In Chapter I1I: Study 1, the differences in PAP induction over a wide range of squat exercise intensities (low
intensity, medium intensity, high intensity) with unified total weight was measured.
In Chapter 11I: Study 2, to examine the combinatorial effects of intensity and velocity, we combined the
low-intensity and medium-intensity squat exercises with low-velocity and high-velocity lifting movements.
We then compared the effects of these combinations on the induction of PAP.
In Chapter 111: Study 3, we limited the squat exercises to a low intensity, which is rare in a PAP study, to show
the difference in lifting velocity depending on the presence or absence of a ballistic movement.
Simultaneously, we examined how the difference in the workload affected the induction of PAP.
In Chapter IlI: Study 4, a velocity-based evaluation method was used to determine the effect of different




standard load settings on PAP induction. We focused on the intensity and number of repetitions of squat
exercises, and the effects of the varying the loads were recorded.

The following conclusions were drawn from the results of Studies 1 to 4.

In Chapter 11I: Study 1, we observed that all exercise intensities contributed to PAP induction under
conditions where the total lifting weight of squat exercises at medium and high intensities was unified.

In Chapter IlI: Study 2, we observed that medium intensity combined with maximum lifting velocity
induced PAP; however, when maximum lifting velocity was combined with low intensity squat exercises,
PAP was not induced.

In Chapter 1lI: Study 3, we observed that PAP can be induced by low-intensity squat exercises if the
exercises are accompanied by ballistic movements. This effect disappears when the training workload is
halved under the same conditions.

In Chapter IlI: Study 4, we observed that with velocity-based squat exercises, training effects can be
maximized with minimal effort. A 10% rate of velocity loss suppresses excessive fatigue and enhances the
benefits of PAP. The results also showed that the effects of individual differences due to fatigue tolerance can
be considered in PAP induction through adjusting the number of repetitions for different velocity intensities.

From these results, we have concluded that the conditions needed for PAP induction differ depending on a
combination of lifting velocity, movement, and the load weight of the squat exercises. In addition, the results
showed the usefulness of velocity-based squat training and effectiveness of the rate of velocity loss as a
measure of fatigue when inducing PAP. Furthermore, it is possible to utilize conditioning activities that
consider the effects of individual differences. The findings from this study provide useful information on the
induction of PAP which can strengthen the functionality of the muscles in the lower limbs, muscles that are
required in many sport competitions.

In Chapter 1V: General Discussion, we: 1. Discussed of PAP assessment. 2. Discussed the validity of squat
exercises aimed at inducing PAP. 3. Compared the relative strength and velocity criteria for PAP induction. 4.
Described a training strategy that applies PAP for explosive strength improvement 5. Stated the limitations of
this study, described the possible factors that induce PAP, and discussed the challenges future researchers may
face while developing training methods.
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