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ABSTRACT 47 

Purpose: To investigate the 1) effect of the preparation period 48 
on the neuromuscular characteristics of 12 professional (PRO) 49 
and 16 semi-professional (SEMI-PRO) basketball players; 2) 50 
relationships between training load indices and changes in 51 
neuromuscular physical performance. Methods: Prior to and 52 
following the preparation period, players underwent a counter-53 
movement jump (CMJ) test, followed by a repeated change of 54 
direction (COD) test consisting of 4 levels with increasing 55 
intensities. The peripheral neuromuscular functions of the knee 56 
extensors (peak torque, PT) were measured using electrical 57 
stimulations after each level (PT1, PT2, PT3 and PT4). 58 
Furthermore, PT Max (the highest value of PT) and PT Dec 59 
(PT decrement from PT Max to PT4) were calculated. Results: 60 
Trivial-to-small (effect size, ES: -0.17 to 0.46) improvements 61 
were found in CMJ variables, regardless of the competitive 62 
levels. After the preparation period, peripheral fatigue induced 63 
by a COD test was similarly reduced in both PRO (PT Dec: 64 
from 27.8±21.3% to 11.4±13.7%, ES±90%CI= -0.71±0.30) and 65 
SEMI-PRO (PT Dec: from 26.1±21.9% to 10.2±8.2%, 66 
ES±90%CI= -0.69±0.32). Moderate-to-large relationships were 67 
found between session rating of perceived exertion training 68 
load and changes in PPO measured during the CMJs (rs 69 
±90%CI: PPOabs, -0.46±0.26; PPOrel, -0.53±0.23) and in some 70 
PTs measured during the COD test (PT1, -0.45±0.26; PT2, -71 
0.44±0.26; PT3, -0.40±0.27 and PT Max, -0.38±0.28). 72 
Conclusions: Preparation period induced minimal changes in 73 
the CMJ, while the ability to sustain repeated COD efforts was 74 
improved. Reaching high session rating of perceived exertion 75 
training loads might partially and negatively affect the ability to 76 
produce strength and power. 77 

 78 

Key Words: Session RPE; Competitive level; Vertical jump; 79 
Change of direction; Peripheral fatigue.  80 
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INTRODUCTION 81 

The quantification of training load (TL) is a common 82 
practice in basketball, with the aim to ensure that players 83 
achieve an adequate training stimulus and to reduce the 84 
negative consequences of training (i.e. risk of injury and non-85 
functional overreaching) and the chances of undertraining.1,2 86 
The session rating of perceived exertion (sRPE) is a valid 87 
method to quantify the individual TL in professional (PRO) and 88 
semi-professional (SEMI-PRO) basketball players.3,4 This low 89 
cost and user-friendly tool2 represents a practical, reliable and 90 
valid method to monitor the athlete internal TL.5 91 

The general and specific preparation periods at the 92 
beginning of the season are considered crucial phases in 93 
preparing athletes for competition. In this period, athletes begin 94 
training after a period of complete or near-to-complete rest. The 95 
initial phase (general preparation) should provide a gradual 96 
increase in TL to reduce the risk of injuries, while the 97 
remaining part of the preparation period (specific preparation) 98 
is generally characterized by higher TL compared to those 99 
observed during the competitive season. While monitoring TL 100 
in basketball is important during the preparation period,2 data 101 
pertaining to the TLs achieved in this period are not well 102 
established in the research.4,6-8 103 

The relationships between TL with changes in physical 104 
performance have been widely investigated in team sports.9 105 
The resulting literature on the topic, however, offers contrasting 106 
results, which indicates that the effect of TL on physical 107 
performance and fitness are not clear. In a recent study, and for 108 
the first time in basketball, a relationship between TL indicators 109 
and physical fitness variations has been established.7 It has 110 
been suggested that high sRPE-TL during the preparation 111 
period are not essential to enhance the physical fitness levels 112 
(quantified using maximal and sub-maximal intermittent 113 
running tests) of PRO and SEMI-PRO basketball players. Due 114 
to the limited data, further insights are needed to draw 115 
definitive conclusions. 116 

Basketball is an intermittent team sport, characterized 117 
by changes of actions every 2-3 s,10 therefore neuromuscular 118 
abilities (i.e. power, strength, speed) are heavily taxed during 119 
basketball matches.11 Specifically, the ability to quickly change 120 
direction and jumping performance appear to be key 121 
components of basketball.11 Despite the importance of 122 
neuromuscular factors in basketball performance,11 no previous 123 
study has assessed the relationships between TL indicators and 124 
changes in neuromuscular physical performance. This 125 
information may be of interest to plan an effective training 126 
process to improve performance during the preparation period. 127 
Additionally, there is limited and contrasting information 128 
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regarding the effect of the preparation period on neuromuscular 129 
characteristics of basketball players. Aoki et al.6 and Hoffman 130 
et al.12 investigated the changes in vertical jumping 131 
performance induced by the preparation period in PRO and 132 
NCAA basketball players. PRO players demonstrated 133 
moderate-to-large improvements in squat jump height and 134 
counter-movement jump (CMJ) height, while collegiate players 135 
showed a moderate decrease in jumping performance (i.e. CMJ 136 
height). Additionally, there is limited information regarding the 137 
variations in change of direction (COD) ability across the 138 
preparation period in adult basketball players. The few studies 139 
on the topic12,13 assessed COD ability using various COD tests 140 
in NCAA Division I or young basketball players, but the 141 
contrasting results do not allow definitive conclusions to be 142 
made. Therefore, the aims of this study were to investigate the: 143 
1) effect of the preparation period on the neuromuscular 144 
characteristics of PRO and SEMI-PRO basketball players 145 
measured using a vertical jump test and a repeated COD test; 2) 146 
relationships between TL with changes in neuromuscular 147 
physical performance during the same period. 148 

 149 

METHODS  150 

Subjects 151 

Twelve PRO and sixteen SEMI-PRO male basketball 152 
players (age: 26.2±6.5 and 23.6±4.9 years, respectively) were 153 
recruited for this study (Table 1). The PRO competed in the 154 
Italian first or second division, while SEMI-PRO were from 155 
Italian third division. During the preparation period, athletes 156 
trained 5 to 12 times a week, with 60-120 min training sessions, 157 
excluding cool down and/or stretching exercises. Standard 158 
training schedules performed by players during the preparation 159 
periods are presented in Table 2. 160 

***Table 1*** 161 

***Table 2*** 162 

All the basketball players included in this study 163 
performed more than 80% of the team training sessions.14 164 
Written informed consent was received from all players after 165 
verbal and written explanation of the experimental design and 166 
potential risk and benefits of the study. An Independent 167 
Institutional Review Board approved the study in accordance 168 
with the spirit of the Helsinki Declaration. 169 

 170 

Design 171 
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This observational study was conducted from mid-172 
August to mid-October during the preparation period of the 173 
season 2015-16. Prior to and following this period, athletes 174 
underwent several neuromuscular evaluations, comprising of a 175 
CMJ test, followed by a repeated COD test. The individual TL 176 
of athletes was quantified during the preparation period using 177 
the sRPE method.15 178 

 179 

Methodology 180 

Neuromuscular evaluations 181 

Athletes were assessed during the first week of training 182 
(T1) and during the weeks preceding the first or the second 183 
official competitive matches (T2) of the season. The duration of 184 
this period ranged between 5 and 7 weeks. Before each testing 185 
session, stature and body mass were measured, while body 186 
density was estimated through the skin-fold technique 187 
described by Jackson and Pollock16 and then transformed to 188 
body fat percentage using the Siri’s equation.17 Neuromuscular 189 
evaluations were performed after a standardized warm-up 190 
consisting of a 6-min continuous run at a constant speed, 191 
followed by two sub-maximal CMJs. No stretching exercises 192 
were allowed prior to the tests. To avoid potential confounding 193 
effects of prior exercise fatigue on the outcomes variables, no 194 
heavy training sessions were performed the day preceding the 195 
neuromuscular evaluations. Both testing sessions were carried 196 
out in the same conditions (i.e. testing venue, time of the day 197 
and order/procedures of the tests).  198 

 199 

Counter-Movement Jump Test 200 

The CMJ test was performed using a portable force 201 
platform (Quattro Jump, Kistler, Winterthur, Switzerland) 202 
sampling at 500 Hz and its Application Software (Version 203 
1.1.1.4). Each athlete performed 5 bilateral single CMJs from a 204 
standing position with hands placed on the hips to minimize 205 
any influence of the arms. Players were instructed to perform a 206 
quick downward movement reaching about 90° knee flexion, 207 
promptly followed by a fast-upward movement with the aim to 208 
jump as high as possible. During the concentric phase of each 209 
CMJ, absolute peak power output (PPOabs), absolute peak force 210 
(PFabs) and jump height were measured. Furthermore, PPOabs 211 
and PFabs were normalized to each athlete’s body mass (PPOrel 212 
and PFrel respectively). The average of the best 3 values was 213 
used for analysis. 214 

 215 

Repeated Change of Direction Test 216 
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This test aims to assess peripheral fatigue of the knee 217 
extensor (KE) muscles induced by repeated CODs. The COD 218 
test consisted of 4 levels of increasing standardized intensity. 219 
The players, paced by an audio signal, run back and forth 220 
repeatedly with 180° COD over an 8-m course. During the first 221 
and second levels, athletes carried out 11 CODs in 31.5 s and 222 
28.5 s respectively, while the third and the fourth levels were 223 
composed of 13 CODs performed in 30.0 s and 26.0 s 224 
respectively. The instantaneous running speed sustained by 225 
each player during the COD levels was recorded using a radar 226 
device (Stalker ATS, Radar Sales, Minneapolis, MN). 227 
Furthermore, actual instantaneous metabolic power was 228 
estimated to quantify the actual exercise intensity during each 229 
COD level using the equation proposed by Di Prampero et al.18 230 
and then modified by Osgnach et al.19 The peripheral 231 
neuromuscular function of the KE was assessed at baseline, 232 
prior to the standardized running warm-up, and 30 s after 233 
completion of each COD level. The neuromuscular assessments 234 
were performed in isometric conditions, measuring firstly KE 235 
torque of the right thigh and secondly KE torque of the left 236 
thigh. The athletes were seated in a purpose-built leg extension 237 
machine with the lower leg and thigh fixed at an angle of 90° 238 
from full extension. The ankle of the assessed leg was secured 239 
to the leg extension machine via Velcro® straps. The 240 
mechanical response was recorded using a load cell connected 241 
to a data acquisition system (BIOPAC MP100; BIOPAC 242 
Systems, Inc., Santa Barbara, CA) at a sampling rate of 250 Hz. 243 

The KE contractions were induced by direct stimulation 244 
of the femoral nerve using large area electrodes (Compex, 245 
Ecublens, Switzerland) placed in the femoral triangle (cathode, 246 
5x5 cm) and in the gluteal fold (anode, 10x5 cm). The 247 
electrodes were positioned by the same technician and their 248 
location marked on the skin. The intensity of the electrical 249 
current was defined by sending a small electrical stimulus 250 
(Digitimer DS7AH; Hertfordshire, United Kingdom; maximal 251 
voltage = 400 V), and progressively increasing the intensity by 252 
10-mA until a plateau was reached by twitch torque values of 253 
the KE. This intensity was subsequently increased by a further 254 
20%. The mechanical responses of the KE were then measured 255 
via the administration of 3 single stimuli, each separated by 3 s. 256 
The stimuli were produced using square pulses (200 µs). The 257 
highest value of torque production (PT) was calculated from 258 
the mean torque response of the 3 evoked contractions. The 259 
four PT values obtained at the end of each COD level were 260 
plotted against the actual corresponding metabolic power 261 
(measured by the radar system). A regression line was 262 
calculated by interpolating the four measured PT using a 263 
polynomial equation of second order. PT at 4 fixed metabolic 264 
powers (i.e. 19, 23, 27 and 31 W∙kg-1) was then estimated from 265 
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regression equation (PT1, PT2, PT3 and PT4 respectively, 266 
Figure 1). Furthermore, the following parameters were 267 
calculated: 1) the highest value of PT (PT Max); 2) the 268 
decrease in percentage from PT Max to PT4 (PT Dec); 3) and 269 
the metabolic power corresponding to PT Max (MP Max) 270 
(Figure 1). This procedure was carried out separately for the 271 
right and left KE muscles and the mean value of the two legs 272 
was used for analysis. 273 

***Figure 1*** 274 

 275 

Training load quantification 276 

The TL was quantified by multiplying the training/game 277 
duration in minutes (training volume, TV) by the sRPE as 278 
previously described by Foster et al.15 sRPE were assessed 279 
using the CR-10 Borg’s scale20 and collected 30 min after each 280 
training session in each player.21 The duration of each session 281 
was recorded individually, including within-session recovery 282 
periods and warm-up, but excluding the cool-down or 283 
stretching exercises. The match durations (warm-up included) 284 
were recorded from the beginning to the end of the game 285 
including all stops (game stops, injury stops, time-outs and in-286 
between quarter-times stops). All players were familiar with the 287 
use of the sRPE as it had previously been utilized prior to 288 
commencing the study.  289 

 290 

Statistical analysis 291 

Descriptive results are reported as means ± standard 292 
deviations (SD). Assumption of normality was verified using 293 
the Kolmogorov-Smirnov test. The magnitude-based inference 294 
approach was used to analyze the data according to Hopkins et 295 
al.22 All data were first log-transformed to reduce bias arising 296 
from non-uniformity of effects or errors.22 Standardized 297 
differences were calculated, and interpreted as follows: ≤0.02, 298 
trivial; >0.2-0.6, small; >0.6-1.2, moderate; >1,2-2.0, large; 299 
>2.0-4.0, very large; >4.0, extremely large.22 Probability was 300 
also calculated to compare the true (unknown) differences and 301 
the smallest worthwhile change (SWC). SWC was obtained 302 
multiplying the between-subject SD by 0.2. Quantitative 303 
chances of harmful, trivial or beneficial differences were 304 
evaluated qualitatively according to established criteria: <1%, 305 
almost certainly not; 1-5%, very unlikely; 5-25%, unlikely; 25-306 
75%, possible; 75-95%, likely; 95-99%, very likely; >99%, 307 
almost certain. When the probability of having higher or lower 308 
values than the SWC was less than 5%, the true difference was 309 
assessed as unclear. Due to the non-normal distribution of TV 310 
and s-RPE-TL data, spearman’s rank correlation coefficients 311 
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(rs, 90% confidence intervals) were used to determine the 312 
relationships between weekly sRPE-TL and TV with changes 313 
(%) in neuromuscular evaluations. The magnitude of 314 
relationships was assessed according to the following 315 
thresholds: ≤0.1, trivial; >0.1-0.3, small; >0.3-0.5, moderate; 316 
>0.5-0.7, large; >0.7-0.9, very large; and >0.9-1.0, almost 317 
perfect. Practical inferences of the correlations were also 318 
considered.23 Test-retest reliability of CMJ and COD variables 319 
was determined in our laboratory on two trials in 15 and 11 320 
amateur basketball players respectively (Table 3). Customized 321 
spreadsheets and SPSS statistical software (version 23.0, IBM 322 
SPSS Statistics, Chicago, IL, USA) were used to perform data 323 
analysis. 324 

***Table 3*** 325 

 326 

RESULTS 327 

The PRO accumulated almost certain greater sRPE-TL 328 
(5058±1849 vs 2373±488 AU; ES: 5.22, CL: ±1.90) and TV 329 
(909±130 vs 587±65 AU; ES: 4.68, CL: ±1.04) compared to 330 
SEMI-PRO. 331 

 332 

Neuromuscular variations 333 

Counter-Movement Jump Test 334 

The CMJ variables of PRO and SEMI-PRO measured 335 
before and after the preparation period are presented in Table 4. 336 
Between-groups standardized differences for the CMJ variables 337 
are presented in Figure 2. At T1, no clear differences were 338 
found between groups, except for PPOabs and PFabs, which were 339 
very likely higher for PRO compared to SEMI-PRO (ES: 1.15, 340 
CL: ±0.63 and ES: 1.18, CL: ±0.64 respectively). At T2, PPOabs 341 
and PFabs resulted likely and very likely greater for PRO (ES: 342 
0.75, CL: ±0.63 and ES: 1.20, CL: ±0.65 respectively). For the 343 
between-groups changes from T1 to T2, small differences were 344 
observed in PPOabs (ES: -0.31, CL: ±0.21) and PPOrel (ES: -345 
0.52, CL: ±0.28). 346 

***Table 4*** 347 

***Figure 2*** 348 

 349 

Repeated Changes of Direction Test 350 

KE contractile properties (i.e. PT at fixed metabolic 351 
power) measured during the COD test are presented in Figure 352 
3. Between-groups standardized differences for the MP Max 353 
and for the KE contractile properties measured at baseline and 354 
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during the COD test are presented in Figure 4. No clear 355 
variations were observed in PT at baseline from T1 to T2 for 356 
both PRO (60.3±12.4 vs 57.2±9.6 N∙m; ES: -0.23, CL: ±0.41) 357 
and SEMI-PRO (52.0±11.7 vs 51.8±10.7 N∙m; ES: -0.01, CL: 358 
±0.31). No clear variation was observed in PT Max from T1 to 359 
T2 in PRO (76.8±12.0 vs 73.8±11.5 N∙m; ES: -0.24, CL: 360 
±0.40), while a possible reduction was found in SEMI-PRO 361 
(69.1±14.6 vs 65.6±13.9 N∙m; ES: -0.23, CL: ±0.28). From T1 362 
to T2, the PT Dec was almost certain reduced in PRO 363 
(27.8±21.3% vs 11.4±13.7%; ES: -0.71, CL: ±0.30) and very 364 
likely reduced in SEMI-PRO (26.1±21.9% vs 10.2±8.2%; ES: -365 
0.69, CL: ±0.32). After the preparation period, the MP Max 366 
was almost certain increased in PRO (23.5±1.4 vs 25.7±1.8 367 
W∙kg-1; ES: 1.46, CL: ±0.65) and very likely increased in 368 
SEMI-PRO (24.1±1.7 vs 25.2±1.8 W∙kg-1; ES: 0.63, CL: 369 
±0.47). 370 

***Figure 3*** 371 

***Figure 4*** 372 

 373 

Relationships between training load and volume with 374 
neuromuscular variations 375 

Within-player correlations between mean weekly sRPE-376 
TL or TV, and variations in neuromuscular performance tested 377 
after the preparation period were obtained pooling the data of 378 
PRO and SEMI-PRO (Table 5). Moderate-to-large 379 
relationships were found between TL and changes in PPO 380 
measured during the CMJs and in some PTs (i.e. PT1, PT2, 381 
PT3 and PT Max) measured during the COD test. 382 

***Table 5*** 383 

 384 

DISCUSSION 385 

This study investigated the changes induced by the 386 
preparation period on some neuromuscular characteristics (i.e. 387 
vertical jump and COD ability) among PRO and SEMI-PRO 388 
male basketball players. The likely ineffective training stimuli 389 
or overreaching phenomenon occurred during the preparation 390 
period, given there were trivial-to-small improvements in CMJ 391 
variables, regardless of the competitive levels. Peripheral 392 
fatigue induced by a COD test was moderately reduced, 393 
suggesting that the ability to sustain repeated CODs was 394 
improved. The negative relationships found between sRPE-TL 395 
and TV with peripheral neuromuscular functions and CMJ 396 
variables, suggest that reaching high sRPE-TL and TV might 397 
negatively impact on strength and power properties.  398 
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The PRO accumulated approximately twice as much 399 
weekly sRPE-TL as SEMI-PRO during the preparation period. 400 
The mean weekly sRPE-TL sustained by PRO involved in the 401 
present study were greater than the amount previously observed 402 
by Manzi et al.3 (5058±1849 vs 3334±256 AU). However, 403 
sRPE-TL were collected during different training phases in the 404 
two studies (i.e. preparation vs competitive period). The 405 
preparation period tends to be characterized by higher TLs 406 
compared to the competitive period of the season.6 The mean 407 
weekly sRPE-TL sustained by SEMI-PRO athletes of the 408 
present study (2373±488 AU) was greater than the amount 409 
previously reported for Australian SEMI-PRO basketball 410 
players (~900-1200 AU).4,8 This gap is the results of the 411 
different training interventions performed among SEMI-PRO 412 
players of these different countries, with Italian players training 413 
more times a week (5-6 vs 3 sessions/week) and for longer 414 
training session durations than the Australian players.  415 

The average height of the CMJs24 measured in the 416 
present study is similar to those previously reported by Ben 417 
Abdelkrim et al.25 for elite basketball players competing in the 418 
Tunisian national team (49.7±5.8 cm) and by Shalfawi et al.26 419 
for professional basketball players (52.0±7.5 cm). In the 420 
present study, no statistical variation in CMJ heights and small 421 
improvement in PF were found among the two groups of 422 
players, while a small increase in PPO was observed only 423 
among SEMI-PRO. The similar or slightly improved jumping 424 
performance among the two groups could be a consequence of 425 
the ineffective exercise stimuli or, conversely, could be 426 
partially influenced by fatigue state occurred during the 427 
preparation period.24 Power and force produced during CMJ, 428 
when considered in absolute terms (i.e. PPOabs and PFabs), were 429 
found to be substantially greater in PRO compared to SEMI-430 
PRO. Therefore, the ability to produce high levels of force and 431 
power during vertical jumps might represent variables that 432 
discriminate adult players of different competitive level.27 All 433 
together this information suggests the importance of strength 434 
and power characteristics for success in basketball. 435 

A novel application for the quantification of peripheral 436 
fatigue induced by repeated CODs was used in the present 437 
study. The current findings suggest that the ability to sustain 438 
repeated CODs efforts may be improved after the preparation 439 
period, as peripheral neuromuscular fatigue induced by the 440 
COD test was reduced in both groups. Compared to T1, the 441 
considerably higher level of PT4 and the reduced PT Dec 442 
measured at T2 indicate that PRO and SEMI-PRO enhanced 443 
their ability to sustain repeated COD at high intensities. Indeed, 444 
the highest values of PT (i.e. PT Max) recorded during the 445 
COD test were associated with substantially higher metabolic 446 
power (i.e. MP Max) after the preparation period, despite no 447 
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clear to possibly small reduction observed in PT Max and no 448 
clear variations found in PT Bas. These findings suggest that 449 
after the preparation period the post-activation potentiation 450 
phenomenon is present until a higher absolute exercise intensity 451 
and that the occurrence of fatigue is postponed. As the post-452 
activation potentiation has shown to be primarily determined by 453 
the relative exercise intensity,28,29 it is possible to hypothesize 454 
that the ability to produce maximal power during repeated 455 
CODs was increased. Despite the substantial differences in 456 
sRPE-TL and TV, similar neuromuscular adaptations to the 457 
COD test were found between PRO and SEMI-PRO. The likely 458 
greater levels of PTs (i.e. PT Bas, PT1, PT2, PT3 and PT Max) 459 
measured in PRO compared to SEMI-PRO suggest better 460 
peripheral contractile properties of the KEs for players of 461 
higher competition level. The increased ability to sustain 462 
repeated CODs efforts might be an important physical 463 
determinant for performance during matches. However, further 464 
research is required to confirm these findings.  465 

The present study is the first to investigate the 466 
relationships between TL indicators quantified during the 467 
preparation period with changes in neuromuscular physical 468 
performance in basketball. Negative relationships were found 469 
between sRPE-TL and TV with changes in PPO measured 470 
during the CMJs (i.e. PPOabs and PPOrel) and PT measured 471 
during the COD test (i.e. PT1, PT2, PT3 and PT Max). 472 
Similarly, Los Arcos et al.30 reported negative correlations 473 
between changes in neuromuscular fitness parameters (i.e. 474 
jumping and sprinting) with TV and respiratory and muscular 475 
sRPE-TL among professional soccer players. These results 476 
suggest that reaching high sRPE-TL and TV during the 477 
preparation period might negatively affect strength and power 478 
properties. This phenomenon might be ascribed to a residual 479 
fatigue that exists due to the daily training (often two daily 480 
training sessions) typical of the preparation period. However, 481 
the magnitude of these effects was small-to-large (range rs: -482 
0.53 to -0.26) and these relationships are not to be considered 483 
strong enough to predict the changes in neuromuscular physical 484 
performance induced by the preparation period in basketball. 485 

Limitations of the current study are that sRPE-TL and 486 
TV were the only TL indicators quantified. No measures of 487 
external TL using microtechnology were included due to their 488 
high costs. Furthermore, due to the difficulties in assessing 489 
professional players, the duration from T1 to T2 ranged 490 
between 35 and 47 days. However, further adaptations likely 491 
did not occur in the players with extra days of training, as this 492 
period was part of the “re-activation” and “tapering” phases at 493 
the beginning of the preparation and competitive period 494 
respectively. 495 
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 496 

PRACTICAL APPLICATIONS 497 

A high force and power production should be 498 
considered as a prerequisite for success in basketball practice, 499 
thus we suggest that strength and conditioning coaches develop 500 
training programs to proper enhance these physical 501 
characteristics. We also recommend that physical tests carried 502 
out in the present study can be used to evaluate the 503 
neuromuscular status of players across the preparation period. 504 
Basketball practitioners should consider that achieving high 505 
sRPE-TL and TV during preparation period might negatively 506 
impact strength and power properties. This is evidenced by the 507 
negative relationships between sRPE-TL and TV with changes 508 
in neuromuscular responses encountered. 509 

 510 

CONCLUSIONS 511 

In general, regardless of the competition level, the 512 
preparation period appears to minimally affect variables 513 
measured during vertical jump test but enhance the ability to 514 
sustain repeated COD efforts. The present results suggest that 515 
PRO basketball players can produce higher level of force and 516 
power compared to lower level basketball players. 517 

 518 
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FIGURE CAPTIONS 641 

Figure 1. Example of the regression line calculated by 642 
interpolating the peak torques (measured data) measured after 643 
each changes of direction level.  644 

MP Max: metabolic power corresponding to PT Max; PT: peak 645 
torque corresponding to a metabolic power of 19 (PT1), 23 646 
(PT2), 27 (PT3) and 31 (PT4) W∙kg-1; PT Max: the highest 647 
value of PT calculated from the peak torque-metabolic power 648 
relationship; PT Dec: decrease in percentage from PT Max to 649 
PT4. 650 

 651 

Figure 2. Standardized differences (90% confidence intervals) 652 
for the CMJ variables between professional and semi-653 
professional players. ** likely, *** very likely difference 654 
between professional and semi-professional players. T1: test 655 
before the preparation period; T2: test after the preparation 656 
period; values above zero: greater for professional players; 657 
values below zero: greater for semi-professional players. 658 

Figure 3. Knee extensors contractile properties measured 659 
during the COD test in professional (A) and semi-professional 660 
(B) players. ↓ decrease; ↑ increase; * possible, ** likely, *** 661 
very likely, **** almost certain change; # possible, ## likely, 662 
### very likely difference between T1 and T2. 663 

PT: peak torque corresponding to a metabolic power of 19 664 
(PT1), 23 (PT2), 27 (PT3) and 31 (PT4) W∙kg-1; T1: test before 665 
the preparation period; T2: test after the preparation period. 666 

 667 

Figure 4. Between-groups standardized differences (90% 668 
confidence intervals) for the MP Max and for the knee extensor 669 
contractile properties measured at baseline and during the COD 670 
test. ** likely difference between professional and semi-671 
professional players. 672 

MP Max: metabolic power corresponding to PT Max; PT: peak 673 
torque corresponding to a metabolic power of 19 (PT1), 23 674 
(PT2), 27 (PT3) and 31 (PT4) W∙kg-1; PT Bas: PT measured at 675 
baseline; PT Max: the highest value of PT calculated from the 676 
peak torque-metabolic power relationship; PT Dec: decrease in 677 
percentage from PT Max to PT4; T1: test before the preparation 678 
period; T2: test after the preparation period; values above zero: 679 
greater for professional players; values below zero: greater for 680 
semi-professional players. 681 



Table 1. Anthropometric characteristics of professional (PRO) and semi-
professional (SEMI-PRO) players. 

  PRO (n=12) SEMI-PRO (n=16) 

Stature (cm)  197 ± 10 188 ± 8 

Body mass (kg) T1 93.7 ± 13.0 81.8 ± 10.3 

T2 93.6 ± 12.8 81.6 ± 9.6 

Body fat (%) T1 10.9 ± 3.3 10.5 ± 4.0 

 T2 10.0 ± 3.2 9.6 ± 3.6 

Abbreviations: T1, before preparation period; T2 after preparation period. 

 



Table 2. Standard training schedules performed by professional (PRO) and semi-professional (SEMI-PRO) players during 

the general (weeks 1-3) and the specific (weeks 4-7) preparation periods. 

  PRO  SEMI-PRO 

  General preparation Specific preparation  General preparation Specific preparation 

Monday a.m. Endurance Endurance  Endurance Rest 

 p.m. Core Stability + 
Technical/Tactical 

Core stability + 
Technical/Tactical 

 Technical/Tactical Speed and Agility + 
Technical/Tactical 

Tuesday a.m. Strength or Endurance Explosive strength and 
Power 

 Rest Rest 

 p.m. Injury prevention or 
Endurance + 
Technical/Tactical 

Speed and Agility + 
Technical/Tactical 

 Strength or Endurance 
+ Technical/Tactical 
or Shooting session 

Explosive strength and 
Power + 
Technical/Tactical 

Wednesday a.m. Rest Rest  Rest Rest 

 p.m. Endurance + Shooting 
session or 
Technical/tactical 

Friendly match or 
Technical/Tactical 

 Endurance or 
Repeated Sprint 
Ability 

Rest or Friendly match 

Thursday a.m. Strength or Endurance Rest or Explosive 
strength and Power 

 Rest Rest 

 p.m. Core stability + 
Technical/Tactical 

Speed and Agility + 
Technical/Tactical 

 Strength + 
Technical/Tactical or 
Shooting session 

Explosive strength and 
Power + 
Technical/Tactical 

Friday a.m. Strength or Endurance Rest or Explosive 
strength and Power 

 Rest Rest 

 p.m. Technical/Tactical Injury prevention + 
Technical/Tactical 

 Endurance + 
Technical/Tactical 

Technical/Tactical 

Saturday a.m. Rest or Pool Shooting session or 
Technical/Tactical 

 Endurance/Core 
stability + Shooting 
session 

Rest 

 p.m. Technical/Tactical Friendly match or 
Technical/Tactical 

 Rest Rest or Friendly match 

Sunday a.m. Technical/Tactical or 
Shooting session 

Rest 

 

 Day OFF Rest 

 

 p.m. Day OFF Rest or Friendly match   Rest or Friendly match 
 



Table 3. Test-retest reliability of the outcome measures. 

 %CV (90% CI) ICC (90% CI) 

Counter-Movement Jump test 

Height 3.8 (2.8-6.1) 0.82 (0.55-0.94) 

PPOrel 2.9 (2.1-4.6) 0.87 (0.65-0.95) 

PFrel 3.8 (2.7-6.3) 0.95 (0.85-0.98) 

PPOabs 2.5 (1.8-4.0) 0.94 (0.83-0.98) 

PFabs 3.8 (2.8-6.4) 0.96 (0.87-0.99) 

Repeated Changes of Direction test 

PT bas 8.9 (6.5-14.5) 0.66 (0.24-0.87) 

PT1 8.4 (6.1-13.7) 0.80 (0.51-0.93) 

PT2 5.5 (4.0-8.8) 0.87 (0.66-0.96) 

PT3 5.1 (3.8-8.3) 0.89 (0.72-0.96) 

PT4 8.1 (5.9-13.2) 0.91 (0.75-0.97) 

PT Max 5.3 (3.9-8.6) 0.88 (0.68-0.96) 

PT Dec 5.3 (3.9-8.5) 0.78 (0.47-0.92) 

MP Max 4.6 (3.4-7.4) 0.87 (0.65-0.95) 

Abbreviations: abs, absolute; CI: Confidence intervals; %CV: 
coefficient of variation in percentage; ICC: intraclass correlation 
coefficient; MP Max: metabolic power corresponding to PT Max; 
PF, peak force; PPO, peak power output; PT: peak torque 
corresponding to a metabolic power of 19 (PT1), 23 (PT2), 27 
(PT3) and 31 (PT4) W∙kg-1; PT Bas: PT measured at baseline; PT 
Max: the highest value of PT calculated from the peak torque-
metabolic power relationship; PT Dec: decrease in percentage 
from PT Max to PT4; rel, relative – normalized to body mass. 

 



Table 4. CMJ variables of professional (PRO) and semi-professional (SEMI-PRO) players before (T1) and after (T2) the preparation period. 

 Team n T1 T2 ES (90% CL) MBI (%) Likelihood and magnitude 

Height 
(cm) 

PRO 12 50.3 ± 5.4 49.3 ± 5.8 -0.17 ± 0.26 2/51/47 Possibly harmful 

SEMI-PRO 16 49.4 ± 5.4 49.8 ± 6.2 0.07 ± 0.21 13/85/3 Likely trivial 

PPOrel  
(W∙kg-1) 

PRO 12 55.4 ± 5.7 54.9 ± 5.6 -0.10 ± 0.19 1/78/21 Likely trivial 

SEMI-PRO 16 53.9 ± 5.1 56.3 ± 6.1 0.45 ± 0.22 96/4/0 Very likely beneficial 

PFrel 
(N∙kg-1) 

PRO 12 25.7 ± 1.9 26.7 ± 2.2 0.46 ± 0.45 84/15/1 Likely beneficial 

SEMI-PRO 16 25.6 ± 2.0 26.3 ± 2.2 0.32 ± 0.37 72/27/1 Possibly beneficial 

PPOabs 
(W) 

PRO 12 5153 ± 593 5107 ± 650 -0.07 ± 0.17 1/87/13 Likely trivial 

SEMI-PRO 16 4405 ± 667 4589 ± 696 0.26 ± 0.16 79/21/0 Likely beneficial 

PFabs 
(N) 

PRO 12 2397 ± 262 2492 ± 338 0.34 ± 0.34 72/27/1 Possibly beneficial 

SEMI-PRO 16 2087 ± 249 2135 ± 218 0.18 ± 0.27 56/43/1 Possibly beneficial 

Abbreviations: abs, absolute; CL, confidence limits; ES, effect size; MBI, magnitude-based inferences; MBI (%), percent chances of 
beneficial/trivial/harmful effects; PF, peak force; PPO, peak power output; rel, relative – normalized to body mass; T1, before preparation 
period; T2 after preparation period.  

 



Table 5. Within-player correlations between mean weekly sRPE-TL and training volume, and changes in 

neuromuscular evaluations from T1 to T2. 

 Weekly sRPE-TL Weekly volume 

 n rs (90% CL) Rating rs (90% CL) Rating 

Counter-Movement Jump test 

Height 28 -0.32 ±0.29 Likely moderate -0.31 ±0.29 Likely moderate 

PPOrel 28 -0.53 ±0.23 Very likely large -0.52 ±0.24 Very likely large 

PFrel 28 -0.10 ±0.31 Unclear -0.09 ±0.32 Unclear 

PPOabs 28 -0.46 ±0.26 Very likely moderate -0.50 ±0.25 Very likely moderate 

PFabs 28 -0.06 ±0.32 Unclear -0.07 ±0.32 Unclear 

Repeated Changes of Direction Test 

PT Bas 28 -0.17 ±0.31 Unclear 0.18 ±0.31 Unclear 

PT1 28 -0.45 ±0.26 Very likely moderate -0.26 ±0.30 Likely small 

PT2 28 -0.44 ±0.26 Very likely moderate -0.31 ±0.29 Likely moderate 

PT3 28 -0.40 ±0.27 Likely moderate -0.38 ±0.28 Likely moderate 

PT4 28 -0.05 ±0.32 Unclear -0.16 ±0.31 Unclear 

PT Max 28 -0.38 ±0.28 Likely moderate -0.26 ±0.30 Likely small 

PT Dec 28 0.07 ±0.32 Unclear -0.07 ±0.32 Unclear 

MP Max 28 0.08 ±0.32 Unclear 0.05 ±0.32 Unclear 

Abbreviations: rs = Spearman’s rank correlation coefficient; abs, absolute; CL: Confidence limits; MP Max: 
metabolic power corresponding to PT Max; PF, peak force; PPO, peak power output; PT: peak torque 
corresponding to a metabolic power of 19 (PT1), 23 (PT2), 27 (PT3) and 31 (PT4) W∙kg-1; PT Bas: PT measured 
at baseline; PT Max: the highest value of PT calculated from the peak torque-metabolic power relationship; PT 
Dec: decrease in percentage from PT Max to PT4;rel, relative – normalized to body mass; sRPE-TL: session-
rating of perceived exertion training load; T1: test before the preparation period; T2: test after the preparation 
period. 

 










