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Abstract: The purpose of this study was to evaluate the physiological and biomechanical efficacy of
a six-week target-intensity progressive resistance training program utilizing Olympic lifting
derivatives on the starting dynamics and sprint performance of elite university-level sprinters. Thirty
male sprinters (N = 30, Age: 23.5 + 0.4 years, Height: 1.87 + 0.04 m, Body Mass: 76.5 + 5.2 kg)
volunteered for the investigation and were randomly assigned into two equal cohorts (n = 15 per
group): Group A (Experimental Target-Intensity Olympic Lift Progression) and Group B (Control).
The experimental group underwent a highly structured, periodized resistance intervention three times
a week for six weeks. The protocol was divided into two three-week microcycles manipulating
loading volume and intensity relative to individual one-repetition maximums (1 RM): Weeks 1-3 at
50% 1 RM (3 sets x 10-15 repetitions) and Weeks 4-6 at 60% 1 RM (3 sets x 10-12 repetitions).
The control group maintained their regular physical activities without specialized resistance
protocols. Biomechanical data were acquired using the Smart Block platform integrated with
automated panel force plates and synchronized audible sequencing to capture precise starting metrics.
Micro-kinematic and kinetic variables—including Run Time, Raw Time, Reaction Time, Left/Right
Peak Pedal Forces, Push Time, and distance-targeted Timed Runs—were precisely quantified.
Within-group and between-group changes were analyzed via a paired-samples student’s t-test (p <=
0.05). The experimental group demonstrated statistically significant post-test adaptations across all
core starting parameters (p < 0.05): Run Time (t = 3.00), Raw Time (t = 3.03), Reaction Time (t =
5.84), Right Peak Force (t = 4.40), Left Peak Force (t = 3.82), Push Time (t = 2.48), and distance-
targeted Timed Runs (t = 2.93), with calculated values exceeding the critical tabular threshold of
t 0.05(14) = 2.145. No significant changes were observed within the control cohort over the
corresponding six-week timeline (p > 0.05). The findings demonstrate that systematic, targeted
intensity manipulation of Olympic lifting derivatives yields high neuromuscular adaptations,
optimizing rate of force development (RFD) and horizontal force vectors during starting block
clearance.

Keywords: Olympic Lifting, Periodization, Sprinters, Smart Block, Biomechanics, Rate of Force
Development.
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In the contemporary arena of high-performance athletics, the preparation of elite sportsmen requires
scientific training structures paired with advanced electronic diagnostic instruments to track and
maximize physical capabilities. Modern trends in athletic periodization move away from arbitrary volume
accumulation, relying instead on data-driven interventions from allied disciplines like sports
biomechanics, exercise physiology, and neuromuscular profiling to reach peak athletic expression
(Rachna, 2001; William, 1980). Systematic conditioning dates back to ancient military and early Olympic
preparation (Tudor, 1999). However, contemporary research focuses heavily on the structural quality,
mechanical specificity, and neurological transfer of training loads. The goal is to maximize motor unit
recruitment and improve kinetic output while protecting the athlete from excessive internal strain or
overtraining syndrome (Asha, 1980).

1. Introduction

Within the sprint disciplines—specifically short-distance track events like the 100-meter dash—the
starting block clearance phase serves as a vital indicator of final performance outcomes. Initial
acceleration requires transitioning instantly from a static 'Set' position to explosive full-body extension,
demanding high vertical and horizontal power generation. To develop this specific ballistic capability,
sports scientists often deploy Olympic lifting derivatives, such as power cleans, hang snatches, push
presses, and jerks, within a periodized resistance structure. These explosive multi-joint movements are
selected because they mirror the triple extension (hip, knee, and ankle joints) required during sprint
acceleration. However, the exact neurological transfer and coordination adaptations that occur when
transferring these vertical weight room lifts to a low horizontal block clearance plane remain an important
area of study (Takano, 1992).

Historically, tracking initial block dynamics was limited by manual electronic timing, which could not
measure the brief force changes that occur before foot clearance. The introduction of smart technologies
has resolved these diagnostic limitations. Instrument platforms, like the Smart Block system, utilize
automated panel technologies, synchronized auditory sequencing commands (‘On your marks', 'Set), and
built-in pedal sensors to isolate distinct mechanical components of the start. This electronic configuration
measures reaction time, bilateral force generation profiles, pedal contact duration, and segmented initial
stride times. This study evaluates how a six-week program of target-intensity Olympic lift variations
affects these precise starting block dynamics in elite university sprinters.

2. Methodology

2.1 Sample Selection and Experimental Cohorts

A sample of thirty (N = 30) elite male short-distance sprinters was selected via purposive sampling from
the athletic department of the Lakshmibai National Institute of Physical Education, NERC, Assam. The
physiological baseline profile of the sample was: Mean Age (23.5 + 0.4 years), Mean Stature Height (1.87
+ 0.04 m), and Mean Body Mass (76.5 + 5.2 kg). Following a detailed briefing on the experimental
design, potential physiological strain, and research protocols, all participants provided written informed
consent to participate. The sample was randomly split into two equal groups (n = 15 per group): the
Experimental Target-Intensity Olympic Lifting Group (Group A) and the Control Group (Group B).
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Group A completed the periodized training intervention, while Group B maintained their regular daily
training activities without specialized lifting protocols.

2.2 Biomechanical Data Acquisition and Metric Definitions

Kinetic and kinematic starting block data were acquired using the Smart Block diagnostic platform
integrated with the Instant Feedback analytics software application. This electronic platform utilizes
multi-directional force sensors embedded within the block pedals to automatically log performance values
to a high degree of precision, capturing variables including:

e + Run Time (s): The complete duration of the targeted sprint segment, used to assess whether
technique adaptations improve overall time.

e+ Raw Time (s): The true running duration computed from the first physical movement off the pedals,
excluding individual reaction latency.

e + Reaction Time (s): The precise time delay between the automated starter gun sound and the
athlete's initial force application against the pedals.

e « Peak Force - Right (R) (Ibs): The maximum absolute force generated against the right block pedal
during the initial extension phase.

e « Peak Force - Left (L) (Ibs): The maximum absolute force generated against the left block pedal
during the initial extension phase.

e + Push Time (s): The exact duration of continuous force application against the block pedals before
foot clearance.

o « Timed Runs (s): Electronic photo-beam timers set at specific track distances to log exact velocity
maintenance across target acceleration spans.

2.3 Periodized Target-Intensity Training Intervention

The experimental cohort (Group A) completed a six-week targeted Olympic lifting program performed
three times weekly on alternating days (Monday, Wednesday, and Friday). Workloads were calculated
relative to each participant's individual 1RM, determined via maximum strength testing protocols before
the intervention. The training structure was divided into two distinct, three-week training blocks:

e « Microcycle 1 (Weeks 1-3): Implemented high volume at a lower target intensity (3 sets x 10-15
repetitions @ 50% 1RM), with a strict 3-minute rest interval between sets to prioritize movement
speed and volume accumulation.

e« Microcycle 2 (Weeks 4-6): Intensity was increased to 60% of 1RM, reducing the volume to 10-12
repetitions across three sets, with recovery intervals shortened to 2 minutes between sets to increase
neuromuscular density.
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Table 1: Six-Week Progressively Manipulated Olympic Lifting Training Matrix

Core Multi-  Weeks 1-3 Rest (min) Weeks Rest (min)
Joint Exercises  Loading Loading
1 Power Clean 3 Sets x 10-15 3 3 Sets x 10-12 3
Reps @ 50% Reps @ 60%
1RM 1RM
2 Romanian Dead 3 Sets x 10-15 3 3 Sets x 10-12 3
Lift Reps @ 50% Reps @ 60%
1RM 1RM
3 Hang Clean 3 Sets x 10-15 3 3 Sets x 10-12 3
Reps @ 50% Reps @ 60%
1RM 1RM
4 Split Jerk 3 Sets x 10-15 3 3 Sets x 10-12 3
Reps @ 50% Reps @ 60%
1RM 1RM
5 Clean Push Press 3 Sets x 10-15 3 3 Sets x 10-12 3
Reps @ 50% Reps @ 60%
1RM 1RM
6 Hang Snatch 3 Sets x 10-15 3 3 Sets x 10-12 3
Reps @ 50% Reps @ 60%
1RM 1RM

3. Statistical Analysis

Data were analyzed using descriptive parameters (mean values) and inferential tracking models.
Independent and paired-samples student's t-tests were executed to determine within-group and between-
group changes from pre-intervention to post-intervention. Statistical significance was established a priori
at an alpha level of p <= 0.05. With 14 degrees of freedom (df = 14), the critical tabular t-value needed to
reject the null hypothesis was set at 2.145.

4. Results

The statistical analysis shows that the experimental group achieved significant changes across all seven
variables. The calculated t-values for the experimental group all exceeded the critical value of 2.145. In
contrast, the control group showed no statistically significant variations across any of the starting block
metrics over the intervention period (p > 0.05).
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Table 2: Intragroup Pre- and Post-Test Metric Comparisons (N=30)

Variables Exp (Pre) Exp (Post) t-value (Exp)  Ctrl (Pre) Ctrl (Post) t-value (Ctrl)
Run Time (s)  2.52 251 3.00* 2.53 2.53 0.77
Raw Time (s) 0.13 0.12 3.03* 0.13 0.13 0.55
Reaction Time 2.40 2.29 5.84* 2.40 2.38 1.76
()
Peak Force - R 27.46 23.80 4.40* 27.13 28.53 1.12
(Ibs)
Peak Force - L 52.26 59.20 3.82* 52.40 56.26 1.65
(Ibs)
Push Time (s) 0.15 0.17 2.48* 0.148 0.159 1.31
Timed Runs 0.16 0.19 2.93* 0.167 0.186 191
©)

5. Discussion

The analytical findings from this study demonstrate that periodized, target-intensity resistance programs
utilizing Olympic lifting variations can significantly modify the mechanics of starting block clearance in
elite sprinters. In short-distance sprinting, where victory is decided by hundredths of a second, the
efficiency of force production during the initial block drive serves as a primary performance
differentiator. The data supports the biomechanical principle that if anthropometric and basic fitness
qualities are uniform between sprinters, the athlete who generates the highest absolute and relative power
off the blocks establishes a critical early advantage.

The experimental group demonstrated a significant increase in left pedal force generation, rising from
52.26 Ibs to 59.20 Ibs (t = 3.82). This adaptation suggests that systematic Olympic lifting progressions
help sprinters establish a more powerful drive off the block face. The multi-joint, high-velocity
movements required by exercises like power cleans and snatches train the nervous system to coordinate
fast-twitch motor unit recruitment. This improved neural coordination supports explosive extension
through the hips, knees, and ankles during block clearance (Takano, 1992).

Furthermore, the decrease in Reaction Time from 2.40 s to 2.29 s (t = 5.84) confirms that high-velocity
resistance training can reduce the time required to initiate movement after an audible sound. This change
is likely driven by enhanced motor cortex excitability and faster efferent signaling through alpha motor
neurons to the target muscle fibers. The corresponding improvements in Raw Time (t = 3.03) and Push
Time (t = 2.48) further show that the intervention elevated rate of force development (RFD) values. This
allows sprinters to maximize force transmission during block clearance, translating vertical power room
adaptations directly into horizontal acceleration out of the blocks.
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To maintain an efficient acceleration path, sprinters must maintain a controlled forward body lean relative
to the track surface. This angle ensures that ground reaction forces are directed horizontally to drive
forward speed. Ballistic resistance training helps build the trunk and core stability needed to sustain this
forward alignment without losing energy through postural sway. As athletes transition out of the blocks,
they must pair high force application with a relaxed upper body, keeping the jaw loose to prevent
restriction in the neck and shoulders. Because the acceleration phase accounts for nearly two-thirds of a
standard short-distance sprint, optimizing early block clearance and stride transitions directly supports
higher velocity maintenance across the later stages of the race.

6. Conclusion

This study demonstrates that a six-week periodized program of target-intensity Olympic lifting
progressions, moving from 50% to 60% of 1RM, significantly improves starting block metrics and early
acceleration mechanics in elite sprinters. The intervention produced measurable adaptations in response
speed, pedal force application, and stride clearance times. These results provide sports scientists and track
coaches with empirical evidence supporting the use of Olympic lifting progressions to optimize
neuromuscular drive and block clearance efficiency in competitive sprinters.
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