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ABSTRACT

Zaras, ND, Stasinaki, A-NE, Krase, AA, Methenitis, SK, Karampat-

sos, GP, Georgiadis, GV, Spengos, KM, and Terzis, GD. Effects of

tapering with light vs. heavy loads on track and field throwing

performance. J Strength Cond Res 28(12): 3484–3495, 2014—

The purpose of the study was to investigate the effects of power

training with light vs. heavy loads during the tapering phases of

a double periodized training year on track and field throwing per-

formance. Thirteen track and field throwers aged 16–26 years

followed 8 months of systematic training for performance enhance-

ment aiming at 2 tapering phases during the winter and the spring

competition periods. Athletes performed tapering with 2 different

resistance training loads (counterbalanced design): 7 athletes

used 30% of 1 repetition maximum (1RM) light-load tapering

(LT), and 6 athletes used the 85% of 1RM heavy-load tapering

(HT), during the winter tapering. The opposite was performed at

the spring tapering. Before and after each tapering, throwing per-

formance, 1RM strength, vertical jumping, rate of force develop-

ment (RFD), vastus lateralis architecture, and rate of perceived

exertion were evaluated. Throwing performance increased signifi-

cantly by 4.8 6 1.0% and 5.6 6 0.9% after LT and HT, respec-

tively. Leg press 1RM and squat jump power increased more after

HT than LT (5.9 6 3.2% vs. 23.4 6 2.5%, and 5.1 6 2.4% vs.

0.9 6 1.4%, respectively, p # 0.05). Leg press RFD increased

more in HT (38.1 6 16.5%) compared with LT (22.9 6 6.7%),

but LT induced less fatigue than HT (4.06 1.5 vs. 6.76 0.9, p#

0.05). Muscle architecture was not altered after either program.

These results suggest that performance increases similarly after

tapering with LT or HT in track and field throwers, but HT leads to

greater increases in strength, whole body power, and RFD.

KEY WORDS strength/power training, shot put, discus,

hammer, javelin, rate of force development

INTRODUCTION

T
rack and field throwing events are the shot put, the
discus, the hammer, and the javelin throw. Perfor-
mance in these events depends largely on power
production, which can be developed with the

combination of strength and power exercises (13). Accord-
ingly, throwers regularly perform resistance training pro-
grams that include a combination of strength/power
exercises to induce specific neuromuscular adaptations
(1,10) and increase their muscle power output and throwing
performance (12,19).

Year-round training is planned according to the principles of
periodization aiming to peak performance at the most impor-
tant competition (26). The training phase before an important
athletic event is called tapering. The tapering phase before the
main competition usually includes a significant reduction in
training load, and an increase or stabilization of the training
intensity, which presumably leads to attenuation of fatigue
and an increase in athletic performance (21,27,32,33). The
potential increase in performance after the tapering period in
swimming, running, rowing, triathlon, and cycling sport events
is about 3% (0.5–6% (27)). However, the effects of tapering on
track and field throwing performance remain unclear.

Various combinations of resistance loads may be used in
strength/power training to enhance power performance
(5,10,17). For example, strength and power training with
heavy loads (.80% of 1 repetition maximum [1RM]) may
enhance muscle force and throwing performance (3,15,29).
Nevertheless, it remains uncertain whether training with
heavy resistance loads is effective at enhancing throwing
performance during the tapering period in trained track
and field throwers. However, training with light loads (0–
60% of 1RM) allows athletes to train at higher movement
velocities and may increase the rate of force development
(RFD) and muscle power output (10,28). Anecdotal data
and communications with throwers and throwing coaches
reveal that during the tapering phase, the use of specific
throwing equipment, such as lighter weight implements or
medicine balls, seems to favor throwing performance and
increase fundamental parameters of a throw, such as the angle
and the velocity of release (16). Recently, it was also shown
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that ballistic-power training with 30% of 1RM increases
power production and throwing performance in novice
throwers after a 6 weeks mesocycle (35). However, it re-
mains uncertain whether tapering with light or heavy loads
is more effective in enhancing track and field throwing
performance. Thus, the purpose of this study was to inves-
tigate the effect of 2 different tapering methods with light
vs. heavy loads on throwing performance.

METHODS

Experimental Approach to the Problem

Although tapering is a common strategy to increase
performance in many sports, the effect of different resistance
tapering training programs on performance in track and field
throwing events has not been investigated yet. Thirteen
throwers (7 boys and 6 girls) with 4.6 6 1.5 years experience
in throwing training and competitions completed 2 different
tapering programs with light loads (30% of 1RM, light-load
tapering [LT]) and heavy loads (85% of 1RM, heavy-load
tapering [HT]) following a counterbalanced design (Figure 1).
The athletes were randomly assigned into the LT and HT
training (lottery between athletes competing in the same
event) for the winter tapering. The opposite assignment
was used for the spring tapering. Athletes followed an exer-
cise training program for 15 weeks before the first tapering
period (February), and another training program of 12 weeks
before the second tapering period (May) designed according
to the principles of periodization and the demands of each
throwing event (19,29). Two weeks tapering is the usual train-
ing duration for peaking performance in swimming, cycling,
and strength trained individuals (27). Thus, the same training
duration was used in this study. Measurements were per-
formed 1 week before and the week after each tapering
period. Track and field competitive throwing performance
was measured on a single day for each athlete. Shot throws
(squat underhead and backward overhead throws) were mea-
sured the next day. Alterations in power performance were
evaluated with vertical jumping and leg press RFD, whereas

maximum strength (1RM) was evaluated in leg press. Vastus
lateralis architecture was evaluated with ultrasonography
before and after the tapering periods to provide possible ex-
planations of the performance results. Because of the counter-
balanced design, each athlete was compared between the 2
tapering methods as a control of each self. Results of the
measurements before and after the 2 tapering periods were
statistically compared.

Subjects

Thirteen throwers (men: 19.3 6 4.4 years [age range
between 16 and 25 years], body height = 1.77 6 0.06 m,
body mass = 85.7 6 23.6 kg; women: 18.0 6 2.8 years [age
range between 16 and 22 years], body height = 1.666 0.05 m,
body mass = 74.1 6 19.4 kg) gave their written consent to
participate in the study after being informed about the exper-
imental procedures. Parental consent was also obtained in
participants under 18 years of age. Five of the participants
were discus throwers (3 men and 2 women), 4 hammer
throwers (2 men and 2 women), 2 shot put throwers (1 man
and 1 woman), and 2 javelin throwers (1 man and 1 woman).
The personal best performance of the athletes is presented in
Table 1. The mean performance of the athletes was at 67% of
the national records and 75% of the best performance in state,
achieved in 2013. All throwers were in good health and
received no medication or nutritional supplements during
the training period. All procedures were performed in accor-
dance with the principles outlined in the Declaration of
Helsinki and were approved by the local ethics committee.

Procedures

Training. Athletes followed a 15-week training program
before the winter tapering period and another 12-week
training program before the spring tapering period (Figure 1).
The winter preparation phase was longer in duration to
achieve the appropriate adaptations with resistance training
and skills training, after the long summer transition phase.
The spring training phase was shorter (12 weeks) compared
with the winter preparation phase because the transition

Figure 1. Study design leading to 2 groups by n = 13, for statistical comparison between the 2 tapering programs. T1 and T3 presents the initial measurements
(pre), whereas T2 and T4 presents the final measurements (post). 1RM = 1 repetition maximum.
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phase between the winter tapering and the spring preparation
phase was shorter than the summer transition phase. Athletes
started the spring training phase at a higher level of perfor-
mance, thus, they needed less time of general preparation.
During the winter preparation and during the spring prepara-
tion, athletes followed an almost identical periodized training
program, designed for each individual needs, and according to
the demands of the throwing event of each athlete. Addition-
ally, the 2 training periods before tapering were counterbal-
anced regarding the training volume, intensity, and frequency
of every training unit. The general characteristics of the train-
ing programs followed by the athletes are presented in Table 2.

About 8% of all the planned training sessions were not com-
pleted because of small injuries. Ballistic training with 30% of
1RM has been shown to increase throwing performance
by 6–12% in novice throwers (35), whereas 8 weeks of
periodized resistance training increases shot put perfor-
mance by 5.4% in collegiate throwers (29). Thus, 2 taper-
ing programs with either light or heavy loads were
implemented in this study. Light-load tapering was per-
formed with 30% of 1RM where the throwers were in-
structed to project the loads as far as possible or jump as
high as possible. Heavy-load tapering was performed with
85% of 1RM, and throwers were instructed to perform

TABLE 2. General characteristics of the year-round training followed by the athletes.

Training period
Training

mesocycles (wk)
Mesocycle
emphasis

Volume of resistance
training

Intensity of resistance
training (%)

General preparation 3 Muscle endurance 4 3 8–12 75
Specific period 5 Hypertrophy 4–5 3 6–8 80–85

5 Maximum strength 4 3 3–4 90–95
Competitive period 2 Power 3–4 3 1–2 95–100
Tapering 2 Peak performance 30 or 85
Transition Rest between seasons 65
General preparation 2 Muscle endurance 4 3 8–12 75
Specific period 4 Hypertrophy 4–5 3 6–8 80–85

4 Maximum strength 4 3 3–4 90–95
Competitive period 2 Power 3–4 3 1–2 95–100
Tapering 2 Peak performance 30 or 85

TABLE 1. Personal best performances and individual percent change in performance of the athletes participating in
the study.*

Throwing event Athlete no.
LT or HT

winter taper Personal best (m) Gender/implement (kg)

Performance change

LT (%) HT (%)

Discus 1 LT 45.87 Male/1.75 3.40 1.44
2 LT 42.81 Male/2 4.73 2.79
3 HT 40.10 Male/2 5.71 3.13
4 HT 40.12 Female/1 3.62 2.94
5 LT 43.61 Female/1 7.62 5.89

Hammer 1 HT 52.68 Male/5 22.57 8.05
2 LT 46.50 Male/5 9.13 9.06
3 HT 43.03 Female/4 6.64 4.74
4 LT 44.05 Female/4 2.74 9.19

Shot put 1 LT 12.28 Female/4 4.63 2.25
1 HT 13.05 Male/5 0.70 4.68

Javelin 1 LT 32.56 Female/0.6 4.47 10.19
2 HT 41.58 Male/0.6 11.20 8.87

*LT = light-load tapering; HT = heavy-load tapering.
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each repetition with maximum intentional speed of move-
ment (34). The acute parameters of the tapering programs
are presented in Table 3. Training was performed with
maximal intensity in every training session during both
LT and HT tapering. Training intensity was set at 30% of
1RM for LTand 85% of 1RM for HT. Throws during train-
ing and plyometric training were also performed with
maximum intensity both for LT and HT. Training fre-
quency was the same for all athletes in each tapering pro-
gram. Immediately after the end of the second tapering
period, athletes provided a rated scale of perceived exer-
tion (RPE) for LT and HT (0: very-very light to 10: very-
very heavy (7)). Training load was calculated as the sum of
the weights lifted in a training session. Furthermore, train-
ing monotony was calculated from the mean training load
(repetitions 3 RPE) divided by the SD of the training load
over 1-week training period, which represents the variabil-
ity of LTand HT. The product of training load and training
monotony was used to yield training strain, which presents
the overall stress imposed on athletes (23,25).

Throwing Performance. Throwing performance in shot put,
javelin, hammer, and discus throw was measured outdoors
(each athlete performed his/her own specialty), as previously
described (11). Ambient temperature was 13–188 C at the
winter tapering phase and 20–238 C at the spring tapering
phase. Weather was calm and sunny during all throwing
measurements. Briefly, after a short warm-up (jogging,

stretching, and 2–4 near maximum throws) athletes performed
6 maximum throws. The best throwing performance was
used in further analysis. To achieve competition conditions,
we organized 2 regional competitions for all throwing
events inviting also groups of track and field throwers from
other clubs. This created a competitive spirit among the
athletes leading them to achieve personal best or season
best performances.

Shot Throws. “Shot throws” is defined here as the combined
performance of 2 shot put throws, which are regularly per-
formed by all throwers: the backward overhead throw and
the squat underhead throw (11). There is a strong relation-
ship between these shot put throws and competitive throw-
ing performance (30). These basic shot put throws were
performed outdoors at similar conditions as described above.
Athletes performed 4 maximum throws from each throwing
test, and the best performance was used in statistical analysis.
Pilot data showed a close correlation between the overhead
and the underhead shot put throw (r = 0.97, p , 0.001).
Thus, we decided to combine the results of these 2 tests in
1, and define it as shot throws. The intraclass correlation
coefficient (ICC) for these tests was ICC = 0.91 (95% con-
fidence interval [CI], 0.89–0.98), n = 13.

Vertical Jumps. One day after performing the shot throws
(described above), throwers visited the laboratory for the
vertical jump tests: the squat jump (SQJ) and the counter-
movement jump (CMJ). All measurements were performed

TABLE 3. Training variables of the tapering programs with either 30% 1RM (LT) or 85% 1RM (HT).*†

Training modalities LT HT

Resistance training (33 per week)z Close grip snatch§ 4 3 6 or Midthigh snatch§ 4 3 2 or
Bench press throwk 4 3 8 Bench pressk 4 3 2
Jump squatz 4 3 8 Half squatsz 4 3 4
Clean pull jumpsz 4 3 8 Midthigh pullsz 4 3 4
Medicine ball upward throwsz 3 3 6 Box jumps (50 cm)z 3 3 8

Throws (common for LT and HT)
(33 per week)z

15–20 throws with competition implement, max intensity
12–15 throws with lighter implement, max intensity

Backward overhead throws 3 8
Squat underhead throws 3 8

10–15 throws with competition implement, max intensity emphasis on technique
Plyometric training (common for
LT and HT)
(23 per week)z

Standing long jumps 3 8

Standing triple jumps 3 6
Jumping hurdles 5 3 5
Sprints 3 3 30 m

*LT = light-load tapering; HT = heavy-load tapering.
†Rest between sets = 1–2 minutes; Rest between exercises = 2–3 minutes.
zExercise for all throwers.
§Exercise for hammer throwers.
kExercise for shot put, discus, and javelin throwers.
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on a force platform (WP800, 803 80 cm, sampling frequency
1 kHz; Applied Measurements Ltd Co., Aldermaston, United
Kingdom). Throwers started with 5 minutes warm-up on
a stationary bicycle and 5 minutes stretching of the lower
extremities’ major muscle groups. Then, 3 CMJs with sub-
maximal but progressively higher intensity were performed.
Subsequently, 3 SQJ with maximal effort were performed
(2 minutes rest between attempts) followed by 5 minutes rest
and 3 CMJ with maximal effort (again, 2 minutes rest between
attempts). In all attempts, hands were placed on hips. Data
from the force platform were recorded and analyzed (Kyowa
sensor interface PCD—320 A) to calculate the maximum ver-
tical jump height and power output during the push off phase

(8,22). The signal was filtered using a secondary low-pass
Butterworth filter with a cutoff frequency of 20 Hz. The best
performance in jump height was used for further analysis. The
ICC for the SQJ and the CMJ were 0.90, (95% CI, 0.89–0.99)
and 0.91, (95% CI, 0.90–0.99), respectively, n = 13.

Rate of Force Development. Assessment of RFD was per-
formed 15 minutes after the vertical jump tests. Throwers
were seated on a custom made steel leg press chair and placed
both their feet on the force platform (WP800–1,000 kg
weighting platform, 80 3 80 cm, sampling frequency 1 kHz,
Applied Measurements Ltd Co.), which was positioned
perpendicular, on the laboratory wall. Knee angle was set at

Figure 2. Changes in throwing performance after 2 weeks tapering with light and heavy loads. Track and field throwing performance significant increased after
both tapering programs (*p = 0.001). However, no significant difference was found between LT and HT (mean difference 0.8%, p = 0.487). LT = light-load
tapering; HT = heavy-load tapering.

Figure 3. Weekly training load was significant higher for HT compared with LT (*p = 0.000) (A). Additionally, monotony (B) and training strain (C) were
significantly higher for HT compared to LT (*p , 0.000). LT = light-load tapering; HT = heavy-load tapering.

Tapering in Athletic Throws

3488 Journal of Strength and Conditioning Research
the TM

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.



1208 and hip angle was set at 1008 (24). Athletes were
instructed to apply their maximum force as fast as possible
for 3 seconds. Two maximum attempts were performed with
3 minutes interval, and throwers were vocally encouraged
to perform their best in each attempt. Data from the force
platform were recorded (Kyowa sensor interface PCD-320 A)
and analyzed. The signal was filtered using a secondary
low-pass Butterworth filter with a cutoff frequency of
20 Hz. Calculations from the force-time curve included: the
maximum isometric peak force, the RFD, and the impulse.
Maximum isometric peak force was calculated as the greater
force generated from the force-time curve. Rate of force
development was calculated as the mean tangential slope of
the force-time curve in specific time windows of 0–50, 0–100,
0–150, 0–200, and 0–250 milliseconds (RFD = DForce/DTime).
Time intervals were chosen because of the potential rela-
tionship to force production during throwing (4,36).
Impulse was calculated as the area under the force-time
curve, and it represents the total force-time integral in
a given time period (Impulse0-kms = SF0-kms 3 DTimekms,
[Kms = 50, 100, 150, 200, 250]) (1). The best performance
according to overall RFD was used for further statistical
analysis. The ICC for the isometric peak force the RFD over-
all, and the impulse was ICC = 0.90, (95% CI, 0.86–0.96), 0.92,
(95% CI, 0.87–0.98) and 0.93, (95% CI, 0.88–0.98), respec-
tively, n = 13.

Repetition Maximum Strength Test. Thirty minutes after the
RFD test, throwers performed the 1RM strength test on
a leg press machine according to previous reports (31).
Briefly, after a short warm-up, throwers performed incre-
mental maximum efforts until they were unable to lift
a heavier weight. Approximately, 3-minute rest was allowed
between the trials. In all cases, 2 of the researchers were

present and vocally encourage all throwers. The ICC for
1RM strength test was 0.98, (95% CI, 0.94–0.99) n = 13.

Ultrasonography. B-mode ultrasound images were recorded
from the right vastus lateralis to determine its architectural
characteristics (6.5 MHz Transducer; MicroMaxx Ultra-
sound System and Sonosite Inc., Bothell, WA, USA).
Throwers were lying at a supine position with both knees
extended at a resting position (18). Images were taken at 50%
of the distance between the greater trochanter, and the lat-
eral condoyle of the femur and analyzed for vastus lateralis
thickness, pennation angles, and fascicle lengths (Motic Im-
ages Plus, 2.0). The ICC for muscle architecture was 0.97,
(95% CI, 0.91–0.99), n = 13.

Body Composition Analysis. A total body scan was performed
(Dual X-ray Absorptiometry model DPX-L; LUNAR Radi-
ation, Madison, WI, USA) to evaluate body composition
(DXA). All measurements were analyzed using the LUNAR
radiation body composition program. Fat mass, lean body
mass, and bone mineral density were determined for the
total body in 3 different periods: at the beginning of the year-
round training, after the first tapering period, and after the
second tapering period. The ICC for body composition
analysis was determined from 2 different researchers ICC =
0.98, (95% CI, 0.95–0.99), n = 13.

Statistical Analyses

All data are represented as mean and SE. A 2-way analysis
of variance for repeated measures was used to test dif-
ferences before and after the tapering periods. Whenever
a significant F-value was obtained, the main effects were
compared with Bonferroni confidence interval adjustment.
Paired samples T-Test was used to detect percent alterna-
tions differences between the LT and HT. Calculation of

TABLE 4. Performance characteristics after LT and HT training programs.*

Performance tests

LT HT

p h2Pre Post Pre Post

Shot throws (m) 13.09 6 0.4 13.53 6 0.4 12.84 6 0.5 13.23 6 0.4 0.881 0.001
Squat jump height (cm) 30.67 6 1.65 31.15 6 1.06 29.87 6 1.45 30.43 6 1.31 0.722 0.006
Squat jump
power (P$kg21)

9.93 6 0.68 9.92 6 0.69 9.37 6 0.53 9.73 6 0.50 0.650 0.010

Countermovement jump
height (cm)

33.40 6 1.81 33.44 6 1.81 31.99 6 1.25 32.57 6 1.31 0.611 0.013

Countermovement jump
power (P$kg21)

13.51 6 0.99 13.68 6 0.99 13.07 6 0.67 13.20 6 0.74 0.630 0.012

Isometric peak force (N) 4,092.62 6 30.33 4,201.60 6 32.27 4,133.27 6 55.58 4,734.36 6 61.39 0.707 0.008
1RM leg press
strength (kg)

341.36 6 22.11 331.82 6 24.63 324.09 6 27.64 339.09 6 26.35 0.889 0.001

*LT = light-load tapering; HT = heavy-load tapering; 1RM = 1 repetition maximum.
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effect sizes (h2) was followed (9). Additionally, a 1-way
repeated measures analysis of variance and Bonferroni post
hoc was performed to test differences between 3-time point
DXA measurements. Pearson’s product moment correlation

coefficient was used to explore the relationships between shot
throws as well as between the initial performance and the
percentage increase in performance tests of the throwers.
Within subjects, variation and reliability were determined for

Figure 4. A and B) Alternations in isometric leg press RFD (N$s21) before (gray line) and after 2 weeks of tapering (black line). No significant changes were
found after LT (A) or HT (B). However, HT induced greater percentage increases at 50, 100, and 200 milliseconds in contrast to LT (*p # 0.05). RFD = rate of
force development; LT = light-load tapering; HT = heavy-load tapering.
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Figure 5. A and B) Changes in isometric leg press impulse (N$s) before (gray column) and 2 weeks after tapering (black column). No significant differences
were found after both LT (A) and HT (B) tapering. Nevertheless, HT induced greater percentage increases at 100, 150, 200, and 250 milliseconds in
comparison with LT (*p # 0.05). LT = light-load tapering; HT = heavy-load tapering.
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all variables by calculating the confidence limits (95% CI) and
ICC as described by Hopkins, (14). Significance was accepted
at p # 0.05. All statistical analysis was performed using SPSS
version 17.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS

Throwing performance increased significantly after LT by
4.8 6 1.0% and after HT by 5.6 6 0.9% (p = 0.001, h2 =
0.855) (Figure 2), but the difference between the 2 programs
was not significant (p = 0.487, h2 = 0.052). Light-load taper-
ing was significantly easier to perform (RPE = 4.0 6 1.5 in
LT, vs. 6.7 6 0.9 in HT, p = 0.01, h2 = 0.757), whereas
weekly training load, monotony, and strain were significantly
higher for HT compared with LT (12,662 6 816 vs. 9,360 6
380 kg, p = 0.000, h2 = 0.763; 2.30 6 0.01 vs. 0.71 6 0.01,
p = 0.000, h2 = 0.945; and 1,114.5 6 86.2 vs. 424.3 6 125.2,
p = 0.000, h2 = 0.659, respectively) (Figures 3A–C). The
percentage increase in shot throws was significantly different
between the 2 tapering programs (0.6 6 1.7% vs. 3.3 6 1.9%
for LT and HT, respectively, p = 0.048, h2 = 0.256; Table 4).

Jump height and power output at the SQJs and CMJs were
not statistically different after tapering. However, HT
induced significantly greater percentage increases in SQJ
power output compared with LT (5.1 6 2.4% vs. 0.9 6 1.4%,
p = 0.042, h2 = 0.388). No significant difference was found

for leg press 1RM after LT or HT. However, the percentage
increase after HT was significantly greater in comparison
with LT (5.9 6 3.2% vs. 23.4 6 2.5%, p = 0.031, h2 =
0.415; Table 4).

No significant change was observed on isometric peak
force, though, HT induced greater percentage increase in
contrast to LT (17.9 6 5.0% vs. 2.4 6 3.1%, p = 0.016, h2 =
0.539, respectively, Table 3). In accordance, RFD and
impulse remained unaltered after both tapering programs.
However, HT induced greater percentage increases on
RFD at 50 milliseconds (p = 0.038, h2 = 0.516), 100 milli-
seconds (p = 0.042, h2 = 0.418), and 200 milliseconds (p =
0.041, h2 = 0.389) in comparison with LT (Figures 4A, B),
whereas, analysis of impulse demonstrated greater percent-
age increases after HT at 100 milliseconds (p = 0.045, h2 =
0.411), 150 milliseconds (p = 0.038, h2 = 0.512), 200 millisec-
onds (p = 0.044, h2 = 0.401), and 250 milliseconds (p = 0.048,
h2 = 0.380, Figures 5A, B).

Muscle architecture was not altered after either tapering
methods (Table 5). Lean body mass was increased signifi-
cantly by 3.3 6 0.9% after LT and 3.9 6 0.9% after HT (p =
0.004, h2 = 0.706), compared with the measurement at the
initiation of the year-round training (Table 6). There was no
difference in the percentage adaptations between male and
female athletes (e.g., track and field throwing performance:

p = 0.87 for LT and p = 0.81
for HT). In addition, no signifi-
cant correlation was found
between the initial performance
and the percentage increase in
performance.

DISCUSSION

The main finding of this study
was that track and field throw-
ing performance increased sim-
ilarly after 2 weeks of tapering
either with light or heavy resis-
tance loads in track and field
throwers. Tapering with heavy
loads induced, to some extent,

TABLE 5. Changes in muscle architecture of vastus lateralis after LT and HT training programs.*

Vastus lateralis ultrasonography

LT HT

p h2Pre Post Pre Post

Muscle thickness (cm) 2.56 6 0.12 2.64 6 0.11 2.52 6 0.14 2.53 6 0.12 0.626 0.012
Pennaton angle (degrees) 18.55 6 0.71 17.74 6 0.91 17.34 6 0.53 17.05 6 0.73 0.254 0.065
Fascicle lengths (cm) 8.28 6 0.48 8.58 6 0.49 8.51 6 0.38 8.81 6 1.25 0.653 0.010

*LT = light-load tapering; HT = heavy-load tapering.

TABLE 6. Changes on body composition characteristics after the 2 tapering
training periods.*

Preparation
phase LT HT

Fat (%) 29.58 6 2.36 27.99 6 2.46 27.64 6 2.52
Fat free mass (kg) 54.85 6 4.31 57.32 6 4.04† 57.05 6 4.58†
Bone mineral
content (gr$cm22)

1.31 6 0.03 1.34 6 0.03 1.34 6 0.03

*LT = light-load tapering; HT = heavy-load tapering.
†p , 0.01, between preparation phase and tapering periods.
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larger increases in strength, vertical jumping, and the RFD;
however, these alterations were not adequate to induce
greater increases in sport-specific throwing performance
compared with the LT. Training with heavy resistances also
resulted in greater percentage increases in shot throws
(considered as reliable tests of throwing ability, (31)) com-
pared with LT. The latter throwing tests are simple tests with
limited demands on technical skills (11,30) in contrast to the
elevated technical skills necessary for sport-specific throwing
performance such as the javelin or the hammer throw (11).
The present results suggest that 2 weeks of tapering with HT
induces somewhat better increases in strength/power com-
pared with LT, which cannot be revealed during the perfor-
mance of a technically demanding test, such as the sport-
specific throwing performance. In concert with this notion, it
has been shown that the increase in muscle mass/strength is
not a prerequisite for an increase in performance in techni-
cally demanding efforts such as the rotational shot put throw
in well-trained athletes (20). In contrast, the linear shot put
throw, which is a slower and less technically demanding
movement compared with the rotational shot put throw,
depends to a larger degree on muscle mass/strength in
well-trained shot putters (19,20).

Tapering with both 30% of 1RM and 85% of 1RM was
performed with maximum intentional speed of movement.
Training with 30% of 1RM increases throwing performance,
muscle strength and power, and the cross-sectional area (CSA)
of type IIx quadriceps muscle fibers, whereas the percentage of
these fibers remains unchanged, at least in novice throwers
(35). In a similar context, it has been described that training
with heavy loads (.80% of 1RM) and maximum intentional
movement velocity increases strength, power, and RFD in
untrained subjects (34). This type of training has been also
linked to an increase in the recruitment of high threshold
motor units, which suggests specific neural adaptations (10),
although the complete neuromuscular adaptations induced by
this type of training remain largely unexplored. It is obvious
that both of these training intensities can induce significant
adaptations leading to muscle power development. Indeed,
the present results reveal that despite small differences in
power development, both LT and HT can be effective in
increasing track and field throwing performance after only 2
weeks of tapering. Unfortunately, we were not able to evaluate
specific neuromuscular adaptations such as the muscle fiber
composition or the electromyographic activity after the HT
and LT, which it would provide valuable information for the
interpretation of the current results.

Tapering with 85% of 1RM induced greater percentage
increases in leg press strength compared with LT, although it
should be considered that the leg press may not be the best
test to evaluate muscular strength in throwers, regarding
movement specificity. This might be attributed to the sudden
reduction in training volume and intensity with 2 weeks of
LT compared with the precompetition training, which has
been linked to type II muscle fibers’ atrophy (e.g., after 14

days of detraining in power athletes, 15). In contrast, in HT
the training volume and intensity remained comparable with
the precompetition training period. Similar to the changes in
muscle strength, HT resulted in greater increases in RFD
compared with LT. Rate of force development is thought
to be depended on muscle mass, muscle fiber composition,
and neural drive (1). Andersen et al. (2) suggested that the
principal training stimulus for increasing RFD is high resis-
tance with the highest intended movement velocity, as per-
formed in the HT program of this study. This might explain
the small difference in RFD in favor of the HT program. As
shown before, power production during vertical jumping is
increased between the preseason and the competition phase
in well-trained throwers (19). Actually, a significant correla-
tion has been found between shot put throwing performance
and vertical jump power output in trained shot putters (r =
0.66, p # 0.05 (19)). In this study, the percentage increase of
power output during the SQJ after HT was significantly
greater in contrast to LT, which again reveals a closer link
between HT and throwing performance. Unfortunately,
scarce data exist on the alternations of RFD after short-
term tapering in athletes. Alterations in RFD after tapering
need further investigation.

Muscle mass is a crucial factor, which contributes to
performance in power demanding sports. Lean body mass
correlates well with track and field throwing performance in
novice throwers (31), although it cannot predict perfor-
mance among experienced shot put athletes (20). The
year-round training increased the total body lean mass by
approximately 3.5%, similarly to previous reports in throwers
(20), which states the effectiveness of the total training pro-
gram. However, measurement of the vastus lateralis thick-
ness with ultrasound before and after the tapering periods
did not reveal significant alterations, whereas DXA was not
performed before and after these periods. Although small
changes in muscle mass cannot be excluded, it seems that
2 weeks of tapering is a short period to detect such changes
in trained individuals, thus it cannot be a valid measure of
muscle adaptations in similar cases.

Moreover, muscle architecture did not reveal any differ-
ential effects between the 2 tapering modes. Ultrasonogra-
phy revealed no significant changes in vastus lateralis muscle
architecture after either tapering methods. It is possible that
2 weeks of training was a short time to detect differences in
muscle architecture, if any. In a previous study with 5 weeks
of resistance training, fascicle length and fascicle angle were
slightly increased, whereas the opposite results were found
with high-velocity training in vastus lateralis (6). However, in
this study, the short training duration might have rendered
impossible to detect such changes in muscle architecture.

The magnitude of performance increases after tapering,
which was found in this study (4.8% after LT and 5.6% after
HT [95% CI, 23.48 to 1.76]) was similar to that found in
previous studies in different sport events such as swimming,
running, and rowing (27). Similar increases in shot put
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performance in experienced athletes (4.7% (19)), or college
athletes (5.4% (29)) have been reported before and after
several weeks of training, which included the preparatory
training phase and the tapering phase. As a final point
regarding the performance enhancement found in this study,
the difference in improvements after LT and HT was non-
significant (0.8%). However, this difference in the training
response might be of importance for the coach and athlete
because it might make the difference between the first and
the second place in the major competition. Considering this,
as well as the somewhat larger effect of the HTon muscular
strength, jumping, and RFD, more research should be
focused on the effectiveness of LT vs. HT in power events
such as the track and field throws, perhaps including longer
tapering periods and well-trained athletes competing in the
same event.

In conclusion, 2 weeks of tapering with 30% of 1RM or
85% of 1RM, performed with maximum intentional velocity,
leads to similar increases on throwing performance in young
track and field throwers. Tapering with heavy loads induces
superior increases in muscular strength, jumping perfor-
mance, and RFD, but tapering with lower loads is easier to
perform.

PRACTICAL APPLICATIONS

The results of this study suggest that 2 weeks of tapering
with 30% of 1RM or 85% of 1RM increases performance in
track and field throwers similarly by 4–6%. Training with
either light or heavy loads should be performed with max-
imal intentional movement velocity. Additionally, when one
of the central training goals of the tapering period is to
increase strength and power (in addition to the increase in
throwing performance) training with 85% of 1RM should be
preferred over 30% of 1RM. Tapering with 30% of 1RM is
easier to perform than tapering with 85% of 1RM, hence this
method can be used effectively to increase the throwing
performance when the athlete is experiencing light injuries
or has the feeling of tiredness after the long preparation
phase. As a final point, it should be noted that the expected
performance changes after tapering are the result of both the
preparatory training period preceding the taper and the
training during tapering itself. Therefore, these 2 training
periods should be considered as a continuum and at an
individualized manner to achieve the best possible perfor-
mance increase at competition.
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