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Abstract 
Complex training combines high-load resistance exercises with 
plyometric actions and can be implemented using different exer-
cise sequences. Given that neuromuscular adaptations are specific 
to the force–velocity characteristics and fatigue conditions under 
which training stimuli are applied, exercise order may influence 
the expression of training adaptations. This study compared the 
effects of ascending (ACT; plyometrics before resistance exer-
cises) and descending (DCT; resistance before plyometrics) com-
plex training methods on athletic performance in national-level 
male basketball players. Twenty athletes (ACT: n=8; DCT: n=12) 
completed an 8-week training program performed twice weekly 
during the off-season. Both protocols included matched training 
volumes (sets × repetitions × load) and intensities but differed in 
exercise sequencing: DCT prioritized resistance exercises before 
plyometrics, while ACT followed the opposite order. Primary 
outcomes were change of direction (5-10-5, CODAT) and coun-
termovement jumps without and with arm swing (CMJ, CMJ-A; 
respectively), squat jumps (SJ). Secondary outcomes included 
drop jumps from 40 and 60 cm (DJ-40, DJ-60), linear sprint times 
(5 m, 10 m), and force output during isometric mid-thigh pull 
(IMTP). After adjustment for baseline performance, no consistent 
between-group differences were observed for jumping perfor-
mance during CMJ, CMJ-A, SJ, or DJ, nor for sprinting or 
change-of-direction performance (all p ≥ 0.05). A significant be-
tween-group effect favoring DCT was observed only for CMJ-A 
peak velocity (p = 0.015) and early-phase isometric force produc-
tion at 100 ms during the IMTP (p = 0.011). These findings indi-
cate that both ACT and DCT can be effectively implemented dur-
ing the off-season in national-level basketball players. Exercise 
sequencing appears to act as a fine-tuning variable that may in-
fluence specific neuromuscular qualities, rather than producing 
broad performance advantages across athletic tasks. 
 
Key words: Exercise sequencing, exercise order, athletic perfor-
mance, force output, plyometric training. 

 
 

Introduction 
 
Basketball is a team sport that requires athletes to develop 
a wide range of physical attributes and motor skills, such 
as speed, strength, and endurance, to excel technically and 
tactically while gaining an advantage over opponents (Pé-
rez-Chao et al., 2023; Martinho et al., 2025). Key move-
ment abilities, including acceleration, deceleration, direc-
tional changes, jumping, and lateral shuffling, are essential 
for success due to the basketball’s intermittent high-inten-
sity nature and its specific physical demand (Allen et al., 
2008; Montgomery et al., 2010; Kobal et al., 2017; Mar-
tinho et al., 2025). These tasks rely on rapid force produc- 

tion, efficient utilization of the stretch-shortening cycle 
(SSC), and coordinated force–velocity expression across 
the lower limbs. Because these actions require the com-
bined development of force-dominant and velocity-domi-
nant capacities, complex training (CT), which integrates 
high-load resistance and plyometric exercises within the 
same session, offers a conceptually appropriate method to 
target these complementary neuromuscular demands. 
Building on this concept, the order of exercises in a training 
session can elicit distinct neuromuscular stimuli depending 
on their force–velocity characteristics (Cormie et al., 2011; 
Cormier et al., 2022; Thapa et al., 2024). High-load, low-
velocity resistance training enhances maximal strength pri-
marily through increased motor-unit recruitment and syn-
chronization, along with morphological changes such as 
greater muscle cross-sectional area and pennation angle 
(Folland and Williams, 2007). In contrast, low-load, high-
velocity exercises rely on rapid SSC function and efficient 
elastic energy storage, thereby improving movement speed 
(Cormier et al., 2022). Therefore, a mixed-training ap-
proach, which incorporates both types of exercises (force-
oriented and velocity-oriented) within a single session, is 
an effective strategy for promoting neuromuscular adapta-
tions across the force-velocity spectrum. Such methods in-
clude various forms of CT, such as contrast training, de-
scending (DCT), ascending training (ACT), and French 
contrast training (Cormier et al., 2020; 2022).  

From a theoretical standpoint, sequencing these ex-
ercises within a session may meaningfully influence the 
adaptive response, as the neuromuscular system is sensi-
tive to the fatigue state in which training stimuli are deliv-
ered. Exercises performed later in a training session occur 
under greater accumulated fatigue, which may attenuate 
movement velocity and reduce the force output, whereas 
exercises performed earlier are executed under more opti-
mal neuromuscular conditions. Thus, ACT and DCT may 
differ not only in the type of stimulus they emphasize (ve-
locity-first vs. force-first), but also in how fatigue modu-
lates the effectiveness of each stimulus. Although no clear 
evidence indicates whether ACT or DCT is superior over-
all, the optimal sequencing of these approaches remains 
uncertain. In DCT, a primary concern is whether starting 
with high-load exercises hinders subsequent high-velocity 
movements or vice versa. It is generally recommended that 
complex motor exercises be performed early to prevent fa-
tigue from disrupting movement patterns and adaptations 
(Branscheidt et al., 2019; Krzysztofik et al., 2023). For 
ACT, it is uncertain whether beginning with low-load, 
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high-velocity exercises provides a warm-up effect and en-
hances neuromuscular adaptations due to low early-session 
fatigue. On the other hand, the mentioned training methods 
may lead to slightly distinct adaptations due to the order of 
exercises performed within a training session. Specifically, 
ACT appears to be a velocity-oriented approach, whereas 
DCT is more force-oriented. However, to the best of the 
authors’ knowledge, only a single study has directly com-
pared the effects of these training methods (Kobal et al., 
2017). In that study, 27 elite young soccer players were al-
located to three within-session sequences (DCT, ACT, al-
ternating high-load and high-velocity exercises set-by-set). 
Both ACT and DCT produced similar improvements in 
half-squat strength (46.3% vs. 48.6%) and CMJ height 
(14.2% vs. 13%) over eight weeks. Notably, ACT but not 
DCT improved 10- and 20-m sprint performance, support-
ing the idea that ACT provides a more velocity-oriented 
stimulus. Neither method improved the 505 agility test. Im-
portantly, the effectiveness of ACT versus DCT for change 
of direction (COD) performance may depend on the bio-
mechanical demands imposed by the COD angles being 
tested. Wide-angle (above 90 degrees), high-velocity COD 
place substantial demands on eccentric braking and maxi-
mal force production (Dos’Santos et al., 2018), whereas 
small-angle (below 90 degrees), rapid directional changes 
rely more heavily on fast SSC function and lateral reactive 
force generation (Philipp et al., 2024). This distinction sug-
gests that sports dominated by narrow-angle COD actions, 
such as basketball, athletes may benefit relatively more 
from velocity-oriented stimuli applied early in the session 
(e.g., ACT), whereas sports requiring frequent wide-angle 
cuts may respond more favorably to the force-oriented 
stimulus characteristic of DCT. However, these proposi-
tions remain theoretical, as no intervention study in basket-
ball has systematically evaluated pre-post changes across 
COD tasks covering a wide range of cutting angles (e.g., 
45° to 180°). 

While studies evaluating ACT and DCT separately 
have reported slightly lower improvements compared to 
Kobal et al. (2017). Regarding ACT, Alemdaroğlu et al. 
(2013) demonstrated an 8.1 to 8.3% improvement in squat 
jump (SJ) and CMJ height after six weeks of training in 
recreationally trained undergraduate students (3 groups of 
8 participants in each). Conversely, Dobbs et al. (2015) re-
ported an increase in CMJ and drop jump (DJ) force output, 
ranging from 3% to 4.1%, following 7-weeks of DCT in 
male high school rugby union players (2 groups of 10 par-
ticipants in each). These inconsistencies across studies may 
also arise from several methodological and population-spe-
cific factors. These include differences in training status, 
concurrent sport-specific workloads, seasonal timing (in-
season vs. off-season), exercise selection, and plyometric 
complexity, as well as variability in testing protocols. 

 Given the differences in results and the lack of 
clear evidence favoring one method, the primary objective 
of this study was to compare the impact of ACT and DCT 
forms of CT. Performance was assessed using a compre-
hensive test battery including: CODAT, T-test, and pro-
agility test, CMJ, CMJ with arm swing (CMJ-A), squat 
jump (SJ), drop jump (from 40 cm [DJ-40] and 60 cm [DJ-
60]), isometric mid-thigh pull test (IMTP), and 20-meter 

sprint test (with 5 and 10 m splits) in national-level male 
basketball players. Accordingly, it was hypothesized that, 
despite overall improvements in both groups, ACT would 
preferentially enhance short-distance sprint and CODAT 
time, with jumping performance improvement, whereas 
DCT would elicit greater gains in 5-10-50 time and force 
output in IMTP. 
 
Methods 
 
Experimental approach to the problem 
A nonrandomized, single-blind (referring to participants’ 
blinding), parallel-group intervention was designed to 
compare the effects of ACT and DCT on jumping and 
sprinting performance and force output during IMTP. Par-
ticipants were intentionally assigned to ACT or DCT in 
consultation with team coaches, primarily based on train-
ing schedule logistics and the practical need to keep team-
mates within the same group. Because group allocation 
was determined by team membership rather than randomi-
zation, the design carries an inherent limitation for causal 
inference. Both training programs were performed for 8 
weeks, twice a week, by basketball players during the off-
season period. The DCT group completed all high-load ex-
ercises before transitioning to low-load, high-velocity ex-
ercises. In contrast, the ACT program was organized in the 
opposite sequence. Pre- and post-training assessments 
were conducted 48-96 hours (74 ± 17 hours) before the first 
and after the last training session on an indoor court. The 
following performance tests were performed: i) CMJ; ii) 
CMJ-A; iii) SJ; iv) DJ-40; v) DJ-60; vi) 5-10-5 test; v) 
CODAT test; vi) IMTP. Although the testing order was 
standardized for all participants, any potential warm-up, 
learning, or fatigue effects would have been systematic ra-
ther than differential, as the sequence was identical in both 
pre- and post-intervention sessions. All participants were 
familiar with these measurements, as they were part of the 
standard battery of tests during the off-season period. 

 

Subjects 
Twenty-eight basketball players national level as defined 
in McKay et al. (2021) selected from clubs competing in 
the Division 2 National League, while twenty athletes com-
pleted the study (ACT: age: 17±1 years; body mass: 88 ±10 
kg; body height: 187 ± 7 cm; basketball training experi-
ence: 7 ± 2.5 years; resistance training experience: 3.5 ± 1 
years; DCT: age: 17±1 years; body mass: 75 ± 7 kg; body 
height: 182 ± 4 cm; basketball training experience: 6.5 ± 2 
years; resistance training experience: 3.5 ± 1 years) partic-
ipated in the experiment (Figure 1). The following criteria 
were used to select participants for the study: i) absence of 
neuromuscular and musculoskeletal disorders, ii) a mini-
mum of 2 years of experience in resistance training, and iii) 
regular participation in basketball and resistance training 
for at least one year before the study. Participants were in-
structed to maintain their usual dietary and sleep habits and 
to refrain from consuming stimulants or alcoholic bever-
ages during the study. They were also advised not to per-
form additional resistance exercises during the study pe-
riod and within 48 hours before the baseline examination 
to avoid  fatigue.  All  participants  were informed of their 
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                 Figure 1. CONSORT flow diagram. 
 
right to withdraw from the study at any time and were pro-
vided with comprehensive details on the potential risks and 
benefits before signing a written informed consent form. 
The study protocol was approved by the Bioethics Com-
mittee for Scientific Research, (approval no. 03/2021) at 
the Academy of Physical Education in Katowice and com-
plied with the ethical standards outlined in the 2013 Hel-
sinki Declaration. 

 
Training programs 
The 8-week ACT and DCT programs are outlined in Table 
1 and Table 2. The training programs differed in the se-
quence of performed exercises. The DCT program con-
sisted of four high-load resistance exercises followed by 
four low-load, high-velocity exercises in each training ses-
sion. In contrast, the ACT program was organized in the 
opposite sequence. Both programs were conducted twice a 
week with a 72-h recovery interval between sessions, and 
the rest of the weekdays’ athletes spent in regular basket-
ball practice. Training staff were asked to avoid adding ex-
tra structured lower-body resistance or plyometric work 
during the intervention; however, basketball practice load 
(e.g., duration, volume, and rate of perceived exertion) was 
not formally quantified, which is acknowledged as a limi-
tation. All workouts were supervised by the same strength 
and conditioning coach and proceeded with a standardized 
general basketball warm-up. The strength and conditioning 
coach continuously monitored exercise technique and     

provided immediate feedback, repeating repetitions or sets 
when execution deviated from the intended movement pat-
tern (e.g., squat depth, landing mechanics).  

Trainings aimed to develop plyometric abilities 
with an emphasis on the eccentric phase using 
multidirectional plyometric training. Eccentric-focused 
plyometrics were selected to specifically target braking 
capacity, tendon stiffness, and SSC efficiency mechanisms 
strongly related to jumping, sprinting, and COD 
performance (Harper et al., 2019). The program was 
divided into three phases: weeks 1-2, 3-5, and 6-8, 
featuring different exercises with progressively increased 
intensity, namely higher emphasis on the eccentric phase 
of exercise.  
 
Jumping performance measurements 
All vertical jumping tests were assessed using force plates 
(Force Decks, Vald Performance, Australia), a validated 
and reliable device for measuring vertical jump kinematics 
(Collings et al., 2024; Heishman et al., 2020). The vertical 
jumping tests were evaluated in the following order: CMJ, 
CMJ-A, SJ, DJ-40, and DJ-60. All participants performed 
two attempts of each vertical jumping test with approxi-
mately 30s of rest interval between trials and 5 min of rest 
between jump types.  

For the CMJ, participants began with their hands on 
their hips (which had to remain there throughout the test), 
standing. They were instructed to perform a downward 
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movement to a self-selected depth, followed by a powerful 
upward movement to achieve the maximum jump height. 
In contrast, the CMJ-A differed from the CMJ in that par-
ticipants were allowed to use an arm swing during the 
jump. Both tests were used to assess lower-limb force pro-
duction without upper-limb contribution, whereas CMJ-A 
captured upper- and lower-limb coordination and the trans-
fer of arm-generated momentum abilities that closely 
mimic the whole-body dynamics of basketball jumping ac-
tions. For the SJ, participants performed a downward 
movement, maintained the position for 3 s, and then exe-
cuted a fast-upward movement to jump as high as possible 
without using an arm swing (hands had to remain on their 
hips throughout the test). For the DJ, participants started 
with their hands on their hips in a standing position and 
initiated the drop action. To do so, participants were in-
structed to "step off" the box (40 cm and 60 cm, respec-
tively) one foot at a time and "jump up as quickly as possi-
ble after making contact with the ground, ensuring that the 
jump is as high as possible." Participants were instructed to 
complete the contact and landing phases on the force plate. 

The participant's jump was considered invalid if 
they elevated their feet during the jump flight, landed be-
hind the force plate, or jumped off the box during the DJ. 
After each jump, participants returned to the starting posi-
tion and repeated the procedure twice for a total of two 
jumps. For CMJ and CMJ-A, the following parameters,    

including jump height, peak velocity, countermovement 
depth, and contraction time, were evaluated. The SJ jump 
height and peak velocity were kept for analysis, while the 
DJ jump height, contact time, and RSI were considered. 
The best jump, based on height, was selected for further 
analysis. The jumping height was determined from force 
impulse by using the following equation (Hojka et al., 
2022):  

 

𝐽𝑢𝑚𝑝 ℎ𝑒𝑖𝑔ℎ𝑡 ൌ
𝑉 ை

ଶ

2𝑔
 

where: TOV – vertical velocity of the center of mass at 
take-off; 𝑔 ൌ 9.81 𝑚 ∙ 𝑠ିଶ 
 

Change of direction and linear sprint time assessment  
Three tests were used to evaluate the COD: the 5-10-5 test 
(Pro-agility test) and the CODAT test. Linear sprinting per-
formance was measured over distances of 5 and 10 m. In 
the CODAT test, participants started from a standing posi-
tion and sprinted 5 m to the first cone. They then made a 
45-degree turn and sprinted 3 m to the next cone. After a 
90-degree turn, they ran 3 m to the next cone, followed by 
another 90-degree turn and a 3 m sprint. Finally, after a 45-
degree turn, they completed the final 10 m sprints through 
the finish line equipped with a timing gate.  

Running times were recorded using timing gates 
(SmartSpeed Pro, Fusion Sport, Coopers Plains, Australia).

 
Table 1. Exercise selection and loading parameters for an ascending complex training program. 

W Training A Training B 
Intensity 
[%1RM] 

Sets [n] 
Reps 
[n]

Rest  
[s] 

1-2 

A1 Depth Jump and Hold A1 Depth Jump and Hold BM 4 6 60 
A2 Depth Jump to Lateral Hop and 
Hold 

A2 Depth Jump to Broad Jump 
and Hold 

BM 4 6 60 

B1 Depth Jump to Broad Jump and 
Hold 

B1 Depth Jump to Lateral Hop 
and Hold 

BM 4 6 60 

B2 Stiff-Legged Ankle Hops B2 Stiff-Legged Ankle Hops BM 4 6 60 
C1 BB Back Squat C1 BB Hip Thrusts 80% 3 6 15 
C2 BB Bench Press C2 BB Military Press 80% 3 8 120 
D1 BB Deadlift D1 DB Split Squat 80% 3 8/6 15 
D2 DB Row D2 Pulldowns 80% 3 6/8 120 

3-5 

A1 Drop Jump (40 cm) A1 Drop Jump (40 cm) BM 4 6 60 
A2 Depth Jump to Broad Jump 
(continuous) 

A2 Depth Jump to Broad Jump 
(continuous) 

BM 4 6 60 

B1 Depth Jump to Lateral Hop and 
Hold 

B1 Depth Jump to side-to-side 
jumps 

BM 4 6 60 

B2 Stiff-Legged Ankle Hops B2 Single Leg Hops BM 
4 (for Single Leg Hops 
 2 forward-backward /  

2 side-to-side) 
6 60 

C1 BB Back Squat C1 BB Hip Thrusts 80% 4 6 15 
C2 BB Bench Press C2 BB Military Press 80% 4 8 120 
D1 BB Deadlift D1 DB Split Squat 80% 4 8 15 
D2 DB Row D2 Pulldowns 80% 4 8 120 

6-8 

A1 Drop Jump (60 cm) A1 Drop Jump (60 cm) BM 4 6 60 
A2 Single Leg Drop Jump to Broad 
Jump (continuous) 

A2 Single Leg Drop Jump to 
Broad Jump (continuous) 

BM 4 6 60 

B1 Single Leg Drop Jump B1 Single Leg Drop Jump BM 4 6 60 
B2 Single Leg Depth Jump to side-
to-side jumps 

B2 Single Leg Depth Jump to 
side-to-side jumps 

BM 4 6 60 

C1 BB Back Squat C1 BB Hip Thrusts 85% 3 6 15 
C2 BB Bench Press C2 BB Military Press 85% 3 6 120 
D1 BB Deadlift D1 DB Split Squat 85% 3 8/6 15 
D2 DB Row D2 Pulldowns 85% 3 6/8 120 

W – weeks; 1RM – one repetition maximum; BM – body mass; BB – barbell; DB – dumbbells. 
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Table 2. Exercise selection and loading parameters for a descending complex training program. 

W Training A Training B 
Intensity 
[1RM] 

Sets [n] 
Reps 
[n]

Rest  
[s] 

1-2 

A1 BB Back Squat A1 BB Hip Thrust 80% 3 6 15 
A2 BB Bench Press A2 BB Military Press  80% 3 8 120 
B1 BB Deadlift  B1 DB Split Squats 80% 3 8/6 15 
B2 DB Row  B2 Pulldowns 80% 3 6/8 120 
C1 Stiff-Legged Ankle Hops C1 Stiff-Legged Ankle Hops BM 4 6 60 
C2 Depth Jump and Hold C2 Depth Jump and Hold BM 4 6 60 
D1 Depth Jump to Lateral Hop and 
Hold 

D1 Depth Jump to Lateral Hop 
and Hold 

BM 4 6 60 

D2 Depth Jump to Broad Jump and 
Hold 

D2 Depth Jump to Broad Jump 
and Hold 

BM 4 6 60 

3-5 

A1 BB Back Squat A1 BB Hip Thrust 80% 4 6 15 
A2 BB Bench Press A2 BB Military Press 80% 4 8 120 
B1 BB Deadlift  B1 DB Split Squats  80% 4 8 15 
B2 DB Row  B2 Pulldowns 80% 4 8 120 

C1 Single Leg Hops C1 Stiff-Legged Ankle Hops BM 
4 (for Single Leg Hops 2 

forward-backward / 2 side-
to-side) 

6 60 

C2 Drop Jump (40 cm) C2 Drop Jump (40 cm) BM 4 6 60 
D3 Depth Jump to Lateral Hop and 
Hold 

D3 Depth Jump to side-to-side 
jumps 

BM 4 6 60 

D4 Depth Jump to Broad Jumps 
(continuous) 

D4 Depth Jump to Broad Jumps 
(continuous) 

BM 4 6 60 

6-8 

A1 BB Back Squat A1 BB Hip Thrust 85% 3 6 15 
A2 BB Bench Press A2 BB Military Press 85% 3 6 120 
B1 BB Deadlift  B1 DB Split Squats  85% 3 8/6 15 
B2 DB Row  B2 Pulldowns 85% 3 6/8 120 
C1 Drop Jump (60 cm) C1 Drop Jump (60 cm) BM 4 6 60 
C2 Single Leg Drop Jump C2 Single Leg Drop Jump BM 4 6 60 
D1 Single Leg Depth Jump to side-
to-side jumps 

D1 Single Leg Depth Jump to 
side-to-side jumps 

BM 4 6 60 

D2 Single Leg Drop to Broad Jumps 
(continuous) 

D2 Single Leg Drop Jump to 
Broad Jumps (continuous) 

BM 4 6 60 

W – weeks; 1RM – one repetition maximum; BM – body mass; BB – barbell; DB – dumbbells. 

 
The height was set at approximately 0.7 m off the ground, 
corresponding to participants’ hip height, to avoid the tim-
ing gates being triggered prematurely by a swinging arm or 
leg. Times were measured to the nearest 0.001s. The best 
running time was kept for further analysis. 

 
Isometric mid-thigh pull force output 
The isometric mid-thigh pull was performed using a force 
plate (Force Decks, Vald Performance, Australia), and a 
power rack with adjustable pins to achieve the correct 
height positioning for each participant. The bar was se-
cured at the appropriate height in a mid-thigh position, with 
the participant’s knee and hip angles set to 125°–145° and 
155°–165°; respectively. Participants completed two max-
imum-effort pulls each lasting 5 s with a 120 s rest interval 
between each attempt (Comfort et al., 2019). All partici-
pants were instructed to “pull as hard and fast as possible 
by pushing the ground away” following a countdown, “3, 
2, 1 Pull”. Peak force output was recorded at 100 ms and 
200 ms. 

 
Statistical analysis 
All statistical analyses were performed using JASP (Ver-
sion 0.18.3; University of Amsterdam, Netherlands), and 
the data were presented as means with standard deviations 
(±SD) with their 95% confidence intervals (CI). Statistical 
significance was set at p < 0.05. The normality of data dis-
tribution was checked using the Shapiro–Wilk tests.    

Jumping and COD performance variables were processed 
for analysis of covariance (ANCOVA, group effect: ACT 
vs. DCT), with post-test values as the dependent variable 
and pre-test values as the covariate. If the homogeneity of 
regression slopes assumption was violated, the affected 
variable was analyzed using delta scores (post–pre), and 
between-group differences were tested with independent-
samples t-tests. Effect sizes for ANCOVA were reported 
as partial eta squared, with interpretations based on estab-
lished thresholds: 0.01 to 0.059 classified as small, 0.06 to 
0.14 as a medium, and values exceeding 0.14 considered 
large. Cohen’s d was used to quantify the magnitude of 
within-group pre-post differences, with thresholds inter-
preted as 0.2 “small,” 0.5 “medium,” and >0.8 as “large” 
(Cohen, 2013). 
 
Results 
 
Individual pre- and post-changes were presented in Figure 
2, while adjusted post-intervention outcomes, including 
adjusted mean differences between groups and 95% confi-
dence intervals, are summarized in Supplementary Table 
S1. 
 

Countermovement jump without arm swing perfor-
mance 
ANCOVA indicated no significant group effects for           
the  following  CMJ  variables  after  adjusting for baseline  
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Figure 3. Individual pre- and post-changes, violin-based data distributions, box-and-whisker representations (median and in-
terquartile range), and mean values (black diamond markers) with standard deviations (horizontal standard deviation lines) 
across eight jumping performance variables. Panels illustrate: (a) jump height and (b) peak velocity in the countermovement 
jump; (c) jump height and (d) peak velocity in the countermovement jump with arm swing; (e) jump height and (f) peak velocity 
in the squat jump; (g) jump height in the drop jump from 40 cm; and (h) jump height in the drop jump from 60 cm. ACT - 
ascending complex training group; DCT - descending complex training group. * indicates a statistically significant within-group differ-
ence between pre- and post-intervention values; # indicates a statistically significant between-group difference in the change scores (post–pre).  

 
values: CMJJH (F = 1.043, p = 0.322, η²p = 0.061), CMJCD 
(F = 2.426, p = 0.139, η²p = 0.132), and CMJCT (F = 1.026, 
p = 0.326, η²p = 0.060). 

In all models, the covariate (pre-test performance) 
was a significant or strong predictor (p = 0.007 to <0.001), 
and non-significant group × covariate interactions (p = 
0.129–0.459) confirmed that the assumption of homogene-
ity of regression slopes was met. 

An ANCOVA examining post-intervention CMJPV 
revealed a significant group effect (F = 6.306, p = 0.023, 
η²p = 0.283) and a strong effect of the covariate (F = 94.617, 
p < 0.001, η²p = 0.855). However, the significant group × 
covariate interaction (F = 5.691, p = 0.030, η²p = 0.262) 

indicated a violation of the homogeneity of regression 
slopes assumption. The independent samples t-test showed 
no statistically significant difference in delta scores (post-
pre) between groups (t(18) = -2.044, p = 0.056), although 
the effect size was large (d = 0.93). Mean changes were –
0.011 ± 0.028 m/s in the ACT group and +0.066 ± 0.100 
m/s in the DCT group, indicating a favorable trend toward 
improvement in the DCT condition. 
 
Countermovement jump with arm swing performance 
ANCOVA revealed significant group effects for CMJ-AJH 
(F = 6.79, p = 0.019, η²p = 0.298) and CMJ-APV (F = 8.891, 
p = 0.009, η²p = 0.357); however, in both cases, the            
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significant group × covariate interactions (p = 0.033 and p 
= 0.012, respectively) indicated violations of the homoge-
neity of regression slopes. Independent-samples t-tests on 
delta scores showed a trend toward greater improvement in 
CMJ-AJH (adjusted mean difference = 2.5 cm, 95% CI: 
−1.09 to 6.10 cm; t(18) = –2.10, p = 0.050, d = 0.96) and a 
significant difference for CMJ-APV (adjusted mean differ-
ence = 0.12 m/s, 95% CI: -0.02 to 0.26 m/s; t(18) = –2.676, 
p = 0.015, d = 1.22), both favoring DCT. 

ANCOVA indicated no significant group effects for 
CMJ-ACD (F = 0.421, p = 0.526, η²p = 0.026) or CMJ-ACT 
(F = 0.004, p = 0.951, η²p < 0.001). The covariate signifi-
cantly predicted post-test CMJ-ACD performance (p = 
0.002). In contrast, group × covariate interactions were 
non-significant in both CMJ-ACT (p = 0.660) and CMJ-ACD 
(p = 0.920), confirming the homogeneity of regression 
slopes. 

 

Squat jump performance 
ANCOVA indicated no significant group effects for SJJH 
(F = 2.457, p = 0.137, η²p = 0.133) or SJPV (F = 2.525, p = 
0.132, η²p = 0.136). In both models, the covariates strongly 
predicted post-test performance (SJJH: F = 209.293, p < 
0.001, η²p = 0.929; SJPV: F = 77.646, p < 0.001, η²p = 
0.829), and non-significant group × covariate interactions 
(SJJH: F = 3.157, p = 0.095, η²p = 0.165; SJPV: F = 2.559, p 
= 0.129, η²p = 0.138) confirmed no differential relation-
ships between baseline and post-intervention performance 
across groups. 
 
Drop jump performance 
ANCOVA indicated no significant group effects for 
DJ40JH (F = 3.852, p = 0.067, η²p = 0.194), DJ40CT (F = 

0.550, p = 0.469, η²p = 0.033), or DJ40RSI (F = 0.899, p = 
0.357, η²p = 0.053). The covariates showed mixed contri-
butions: baseline DJ40JH was not a significant predictor (F 
= 62.061, p = 0.795, η²p = 0.020), baseline DJ40CT was also 
non-significant (F = 1.501, p = 0.238, η²p = 0.086), whereas 
baseline DJ40RSI significantly predicted post-test scores (F 
= 5.232, p = 0.036, η²p = 0.246). All group × covariate in-
teractions were non-significant (p = 0.051–0.617; η²p = 
0.016–0.218), indicating no evidence of differential rela-
tionships between pre- and post-test values across groups.  

ANCOVA indicated no significant group effects for 
post-intervention DJ60JH (F = 0.087, p = 0.772, η²p = 
0.005), DJ60CT (F = 0.127, p = 0.727, η²p = 0.008), or 
DJ60RSI (F = 3.335, p = 0.087, η²p = 0.172). The covariates 
showed variable contributions: baseline DJ60JH was a sig-
nificant and strong predictor of post-test jump height (F = 
14.227, p = 0.002, η²p = 0.471), whereas baseline DJ60CT 
(F = 0.035, p = 0.854, η²p = 0.002) and baseline DJ60RSI (F 
= 3.134, p = 0.096, η²p = 0.164) were not significant pre-
dictors. All group × covariate interactions were nonsignif-
icant (p = 0.283–0.776; η²p = 0.005–0.072), indicating no 
evidence of differential pre–post relationships between 
groups. 

 

Force output during isometric mid-thigh pull  
ANCOVA indicated a significant group effect for post-      
intervention IMTPF100 (F = 8.347, p = 0.011, η²p = 0.343), 
whereas no significant group effect was observed                 
for IMTPF200 (F = 2.544, p = 0.130, η²p = 0.137) (Table 3).  
The covariates showed strong and consistent contributions: 
baseline IMTPF100   was  a  significant and  strong   predictor 
of post-test IMTPF100 (F = 18.359, p = 5.685×10⁻4,  η²p = 
0.534), and baseline IMTPF200 also significantly predicted

 
Table 3. Results of jumping performance and isometric mid-thigh pull force output in the respective groups. 

Variables 
ACT (n = 8) DCT (n =12) 

Pre (95%CI) Post (95%CI) ES Pre (95%CI) Post (95%CI) ES
Countermovement Jump

Countermovement Depth 
[cm] 

35.8±6.6 
(30.3 to 41.4) 

34.7±6.6 
(29.2 to 40.2) 

-0.17 
34.4±5.9 

(30.7 to 38.2) 
33.9±5.4 

(30.4 to 37.4) 
-0.09 

Contraction Time [ms] 
813±91 

(737 to 889) 
832±137 

(717 to 946) 
0.16 

872±234 
(773 to 971) 

863±111 
(793 to 933) 

-0.49 

Countermovement Jump with Arm Swing 
Countermovement Depth 

[cm] 
37±6.03 

(32 to 42.1) 
33.8±7.3 

(27.8 to 39.9) 
-0.48 

26.4±8.9 
(20.8 to 32.1) 

28.7±9.8 
(22.4 to 34.9) 

0.25 

Contraction Time [ms] 
866±145 

(744 to 987) 
816±77 

(751 to 880) 
-0.43 

781±150 
(685 to 876) 

779±151 
(682 to 875) 

-0.1 

Drop Jump from 40 cm 

Contact Time [ms] 
278±42 

(242 to 314) 
286±53 

(242 to 331) 
0.17 

375±58 
(339 to 412) 

341±35 
(319 to 364) 

0.71 

RSI [m/s] 
1.34±0.28 

(1.11 to 1.57) 
1.35±0.21 

(1.18 to 1.53) 
0.04 

0.98±0.23 
(0.83 to 1.12) 

1.09±0.22 
(0.96 to 1.24) 

0.49 

Drop Jump from 60 cm 

Contact Time [ms] 
298±41 

(264 to 332) 
291±55 

(246 to 337) 
-0.14 

391±59 
(354 to 429) 

378±56 
(342 to 414) 

0.23 

RSI [m/s] 
1.25±0.32 

(0.98 to 1.51) 
1.4±0.12 

(1.3 to 1.49) 
0.62 

0.91±0.19 
(0.78 to 1.03) 

1.04±0.21 
(0.9 to 1.17) 

0.65 

Isometric Mid-thigh Pull 
Relative Peak Force at 100ms 

[N/kg b.m.] 
12.51±2.86 

(10.1 to 14.9) 
12.57±1.4 

(11.4 to 13.74) 
0.03 

13.59±3.8 
(11.2 to 16.01) 

14.7±3.99* 
(12.17 to 17.24) 

0.29 

Relative Peak Force at 200ms 
[N/kg b.m.] 

17.18±3.54 
(14.22 to 20.13) 

18.29±3.5 
(15.38 to 21.2) 

0.32 
17.48±3.3 

(15.41 to 19.55) 
18.88±2.51 

(17.28 to 20.47) 
0.48 

ACT - ascending complex training group; DCT - descending complex training group; ES – effect size; RSI – reactive strength index; * a significant 
difference between pre- vs. post-measurements within a particular group; # a significantly greater increase from pre- vs. post-measurements between 
groups.  
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            Table 4. Results of linear sprint and change of direction performance in the respective groups. 

Variables 
ACT (n = 8) DCT (n =12) 

Pre (95%CI) Post (95%CI) ES Pre (95%CI) Post (95%CI) ES
Linear Sprint 5 m 

Time [s] 
1.183±0.077 

(1.118 to 1.248) 
1.07±0.056* 

(1.023 to 1.117) 
-1.19 

1.176±0.05 
(1.023 to 1.117) 

1.137±0.069* 
(1.093 to 1.181) 

-0.79 

                             Linear Sprint 10 m 

Time [s] 
1.792±0.069 

(1.734 to 1.849) 
1.703±0.092 

(1.626 to 1.78) 
-0.73 

1.778±0.086 
(1.723 to 1.832) 

1.659±0.143 
(1.568 to 1.75) 

-0.75 

                             5-10-5 test 

Time [s] 
2.305±0.155 

(2.175 to 2.435) 
2.31±0.087 

(2.237 to 2.383) 
0.04 

2.417±0.099 
(2.354 to 2.48) 

2.356±0.092* 
(2.297 to 2.414) 

-1.57 

                           CODAT 

Time [s] 
6.006±0.25 

(5.797 to 6.215) 
5.739±0.233 

(5.544 to 5.934) 
-0.77 

6.174±0.301 
(5.983 to 6.366) 

5.818±0.251* 
(5.658 to 5.977) 

-1.58 

ACT - ascending complex training group; DCT - descending complex training group; ES – effect size; CODAT – change of direction 
and acceleration test; * indicates a statistically significant within-group difference between pre- and post-intervention values. 

 

post-test IMTPF200 (F = 8.815, p = 0.009, η²p = 0.355). The 
group × covariate interaction was significant for IMTPF100 
(F = 11.466, p = 0.004, η²p = 0.417), indicating different 
pre–post relationships between groups, whereas the inter-
action was nonsignificant for IMTPF200 (F = 2.395, p = 
0.141, η²p = 0.130), suggesting comparable pre–post rela-
tionshipsacross groups. Adjusted mean differences showed 
higher post-intervention IMTPF100 values in DCT com-
pared with ACT (adjusted mean difference = 1.34 N/kg 
b.m., 95% CI: −1.47 to 4.15). 
 
Change of direction and linear sprinting performance 
ANCOVA indicated no significant group effects for post-
intervention performance in the 5–10–5 test (F = 6.426, p 
= 0.022, η²p = 0.287), 5 m sprints (F = 4.503, p = 0.050, η²p 
= 0.220), 10 m sprints (F = 0.146, p = 0.708, η²p = 0.009), 
or CODAT (F = 2.184, p = 0.159, η²p = 0.120) (Table 4). 
The covariates showed variable contributions: baseline 5–
10–5 performance was a significant and strong predictor of 
post-test outcomes (F = 26.265, p = 1.018×10⁻⁴, η²p = 
0.621), whereas baseline 5 m sprint time was a moderate 
predictor (F = 5.563, p = 0.031, η²p = 0.258). In contrast, 
baseline 10 m sprints (F = 4.292×10⁻⁴, p = 0.984, η²p < 
0.001) and baseline CODAT (F = 1.915, p = 0.185, η²p = 
0.107) were not significant predictors. All group × covari-
ate interactions were nonsignificant across tests (p = 
0.023–0.728; η²p = 0.008–0.284), indicating no evidence of 
differential pre–and post–relationships between groups. 

 
Discussion 
 
The primary objective of this study was to compare the ef-
fects of two complex training methods on neuromuscular 
performance in national-level male basketball players. 
From a conceptual perspective, neuromuscular sequencing 
models propose that the order in which force- and velocity-
oriented stimuli are applied within a session may bias ad-
aptations toward early force expression or velocity-domi-
nant outputs, particularly under conditions of matched vol-
ume and intensity. Overall, both training approaches re-
sulted in largely similar adaptations across most perfor-
mance outcomes. Statistically significant or borderline 
group effects were observed for CMJ-APV and CMJPV, as 
well as for IMTPF100. In contrast, no consistent group dif-
ferences were evident for SJ or DJ performance, nor across 

the majority of sprinting and COD tests. Although statisti-
cally significant group effects were observed for the 5–10–
5 test and 5 m sprint time, these effects were not accompa-
nied by corresponding improvements in other sprint or 
COD tests, suggesting that exercise sequencing had only a 
limited and task-specific influence on performance adapta-
tions. 

Although between-group effects were limited, the 
observed pattern of results is broadly consistent with neu-
romuscular sequencing models, which propose that re-
sistance- and plyometric-dominant stimuli may emphasize 
different aspects of force and velocity expression (i.e., dis-
tinct motor-unit recruitment and rate-coding strategies). 
When high-load resistance exercises are performed early in 
the session (as in DCT), they are executed under lower ac-
cumulated fatigue, potentially favoring mechanical tension 
and early-phase force production (Alix-Fages et al., 2022; 
Fyfe and Hamilton, 2019). This provides a plausible expla-
nation for the greater tendencies toward improvement ob-
served in early-phase isometric force output (IMTPF100) 
and CMJ-APV in the DCT group. The IMTPF100 represents 
an index of early-phase force expression, which is thought 
to be predominantly influenced by neural factors, such as 
rapid motor-unit recruitment and initial discharge rate, 
making it particularly sensitive to exercise sequencing and 
fatigue-related modulation. Importantly, these effects were 
not accompanied by consistent changes in jump mechanics 
or RSI, suggesting that adaptations were specific rather 
than global. In contrast, initiating sessions with plyom-
etrics (as in ACT) exposes the neuromuscular system to 
high-velocity SSC actions early in the session, which may 
theoretically favor rapid motor-unit recruitment, elevated 
initial discharge rates, and coordination-dependent accel-
eration under certain conditions (Del Vecchio et al., 2019). 
Notably, the fatigue profiles elicited by these two exercise 
types might differ: high-load, low-velocity contractions 
can restrict intramuscular blood flow and rapidly depress 
voluntary activation (Zwarts and Arendt-Nielsen, 1988), 
potentially impairing the quality of subsequent high-veloc-
ity movements, whereas plyometrics primarily induce pe-
ripheral, SSC-related fatigue that may diminish force pro-
duction if high-load resistance exercise follows. While this 
sequencing did not result in consistent between-group ad-
vantages for sprinting or COD performance in the present 
study, it may influence the expression of velocity-oriented 
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tasks under certain conditions. Differences in fatigue pro-
files between resistance- and plyometric-dominant exer-
cise blocks may partly contribute to these task-specific ad-
aptations; however, given the lack of direct acute measure-
ments, these interpretations remain speculative. 

Direct comparisons of sequencing methods remain 
scarce. A recent meta-analysis by Thapa et al. (2024) re-
ported that performance outcomes in tests such as COD 
and short-distance sprinting were generally comparable re-
gardless of the exercise order within a session (e.g., con-
trast training vs. DCT vs. ACT), while ACT showed a ten-
dency toward greater improvements specifically in veloc-
ity-derived CMJ measures compared with DCT. Neverthe-
less, research directly comparing the effectiveness of ACT 
and DCT remains limited. To the best of the authors’ 
knowledge, only one study has directly contrasted these 
two methods (Kobal et al., 2017). In that study, both ACT 
and DCT were similarly effective in improving maximum 
half-squat strength (46.3% vs. 48.6%, respectively) and 
CMJ height (14.2% vs. 13%, respectively) over an eight-
week training period. Moreover, DCT did not result in sig-
nificant changes in 10- and 20-m sprint times, whereas 
ACT produced significant reductions in sprint times across 
those distances (7% and 6%, respectively). In the present 
study, while between-group differences were limited and 
task-specific, the DCT protocol demonstrated advantages 
for selected neuromuscular outcomes, particularly 
IMTPF100 and CMJ-APV. Similar to the study by Kobal et 
al. (2017), the training programs in the present investiga-
tion were matched for intensity, volume, and progression, 
with exercise sequence representing the primary distin-
guishing factor. In general, exercises performed early 
within a training session may induce peripheral fatigue, 
even when not exhaustive, potentially attenuating the adap-
tive stimulus of the subsequent exercise blocks (Ramirez-
Campillo et al., 2020). However, compared with the three 
sets used by Kobal et al. (2017), the present study em-
ployed a moderate volume of approximately 6–8 sets per 
session performed twice weekly. For trained athletes, such 
volumes may not be sufficient to substantially impair the 
execution of subsequent plyometric exercises. Neverthe-
less, neither in the present study nor in the work of Kobal 
et al. (2017) directly assessed acute fatigue or potentiation 
responses (e.g., via immediate post-resistance counter-
movement jump performance), which limits interpretation 
of the acute impact of resistance exercise on subsequent 
plyometric performance. Therefore, the findings of the pre-
sent study suggest that the DCT protocol, despite plyome-
tric exercises being performed after potentially fatiguing 
resistance exercises, can result in performance adaptations 
comparable to those achieved with ACT. Collectively, 
these findings underscore the need for further research di-
rectly examining different CT sequencing strategies (con-
trast, descending, ascending), including both acute poten-
tiation - fatigue interactions and long-term adaptations, to 
more clearly identify the contexts in which each approach 
may be most effective. 

On the other hand, relatively few studies have di-
rectly compared the effectiveness of DCT and ACT with 
different training methods, especially among trained ath-
letic populations. Much of the available literature focuses 

on single-mode training approaches or non-athletic partic-
ipants (Fatouros et al., 2000; Fischetti et al., 2019), making 
direct comparisons challenging. Moreover, meaningful 
synthesis across studies is limited by substantial heteroge-
neity in training volume, intensity, exercise selection, par-
ticipant characteristics, and the timing of the intervention 
within the competitive season (e.g., in-season vs. off-sea-
son), all of which strongly influence the magnitude and 
specificity of training adaptations. Nevertheless, meaning-
ful insights can be drawn by examining performance out-
comes across studies. The study by Kobal et al. (2017) and 
Rodriguez-Rosell et al. (2017) examined DCT in soccer 
players during the in-season period and reported moderate 
improvements in sprint performance (10 m: ES = 0.69; 20 
m: ES = 0.63) and a small-to-moderate increase in CMJ 
height (from 37.8 ± 3.9 cm to 39.8 ± 4.2 cm; ES = 0.43) af-
ter 6 weeks of training (2 sessions per week). Daehlin et al. 
(2017) applied ACT to ice hockey players over 8 weeks, 
starting with 2 sessions/week and progressing to 3 ses-
sions/week from week 3 onward. The training featured ex-
tremely high volume (43–54 total sets/session, including 
12–22 plyometric sets) and intensity ranging from 4RM to 
10RM. However, the test battery used differed signifi-
cantly: jumping was assessed via horizontal tests (e.g., 
standing long jump, with only minor improvements: 
2.59 ± 0.10 m to 2.62 ± 0.08 m, ~1.0%), sprinting with re-
peated sprint protocols, and aerobic capacity via a hockey-
specific skating multistage aerobic test. In contrast, squat 
1RM improved markedly (126.7 ± 23.2 kg to 140.0 ± 24.1 
kg; +10.8 ± 4.6%). Furthermore, studies conducted in stu-
dent or non-athletic populations, such as Arabatzi et al. 
(2010) and Sáez-Sáez De Villarreal et al. (2011), reported 
moderate to small effects. Arabatzi et al. (2010) used an 8-
week DCT protocol (3 sessions/week), with Olympic-style 
lifts and plyometrics, achieving moderate improvements in 
SJ (ES = 0.56) and CMJ (ES = 0.62). Sáez-Sáez De Villar-
real et al. (2011) reported a small improvement in CMJ (ES 
= 0.4) following a 7-week program (3 sessions per week) 
in physical education students. In addition, Fatouros et al. 
(2000) studied ACT in non-athletic participants over 12 
weeks (3 sessions/week). They observed significant gains 
in CMJ with arm swing height (from 58.8 ± 3 cm to 
67.4 ± 2.8 cm) and CMJ with arm swing relative power 
output (from 43 ± 4.6 to 59.9 ± 5 W/kg), indicating that 
ACT can yield large effects in untrained populations. In the 
present study, changes in CMJJH were small, while im-
provements were primarily evident in CMJ-APV. In con-
trast, SJ and DJ performance did not differ meaningfully 
between training sequences. Changes in sprinting and 
COD performance were variable and task-specific. Alt-
hough moderate-to-large within-group effect sizes were 
observed for selected sprint and COD tests, these changes 
were not consistently reflected across all related measures, 
nor did they translate into robust and generalized between-
group differences after adjustment for baseline perfor-
mance. Accordingly, the present findings indicate limited 
and context-dependent adaptations rather than broad im-
provements in sprinting or COD performance.  

A unique element of the present intervention was 
the emphasis on multidirectional, eccentric-focused 
plyometrics with progressively increasing mechanical       



Mikołajec et al.  

 
 

 

323

demand. Given the multidirectional movement demands of 
basketball, the plyometric exercises applied in the present 
study may offer greater task specificity than the predomi-
nantly linear plyometric tasks commonly used in previous 
interventions conducted in ice hockey and soccer players, 
such as rebound jumps or DJ (e.g., Daehlin et al., 2017; 
Kobal et al., 2017). From a transfer perspective, multidi-
rectional SSC loading has been proposed to enhance brak-
ing capacity, movement adaptability, and stiffness regula-
tion; however, the extent to which these mechanisms con-
tributed to the observed performance adaptations in the 
present study remains speculative and warrants further in-
vestigation. Taken together, the current findings and previ-
ous literature indicate that no single exercise sequencing 
method is universally superior. Rather, ACT and DCT may 
elicit partially distinct neuromechanical responses depend-
ing on the force-velocity characteristics emphasized at the 
beginning of the training session. When training volume 
and intensity are matched, exercise sequencing is likely to 
modify fatigue profiles, which may, in turn, influence mo-
tor-unit recruitment strategies, tendon stiffness modula-
tion, and central drive.  

Studies applying DCT, particularly among athletes 
(e.g., Kobal et al., 2017; Rodríguez-Rosell et al., 2017), 
generally report moderate, task-specific improvements in 
selected jump and sprint-related outcomes under relatively 
low training volumes. In contrast, when ACT and DCT in-
terventions are applied with moderate training volume and 
high relative intensity, as in the present study and that of 
Kobal et al. (2017), adaptations appear to be predominantly 
task-specific rather than generalized. In the present study, 
improvements were primarily evident in IMTPF100 and 
CMJ-APV, whereas sprinting and COD outcomes showed 
variable responses across tests and, despite moderate-to-
large within-group effect sizes for selected measures, did 
not result in consistent between-group differences. Further-
more, the absence of group differences in DJ performance, 
despite changes in IMTPF100, supports the notion that im-
provements in early force development do not necessarily 
transfer to RSI.  

This study has several limitations. The nonrandom-
ized allocation of participants introduces potential selec-
tion bias, and the relatively small final sample size (n = 20) 
limits statistical power and generalizability. Additionally, 
the study included only national-level male basketball 
players assessed during the off-season, which restricts the 
applicability of the findings to other populations and train-
ing phases. The absence of a non-training control group 
limits the ability to attribute observed changes solely to the 
effects of ACT or DCT, as some improvements may have 
been influenced by regular basketball practice or natural 
variability in off-season performance. Moreover, mecha-
nistic measures (e.g., electromyography, motor-unit behav-
ior, tendon stiffness, corticospinal excitability) and objec-
tive fatigue monitoring were not included, rendering inter-
pretations of underlying neuromechanical mechanisms and 
intra-session fatigue effects inferential. Future studies 
should adopt randomized controlled designs, incorporate 
mechanistic and fatigue assessments, and use a priori sam-
ple size estimation to more precisely isolate the effects of 
complex training sequencing. 

Practical applications 
Both ACT and DCT protocols can be effectively imple-
mented during the off-season in national-level basketball 
players when training volume and intensity are equated. 
Practitioners should not expect substantial or generalized 
differences in sprinting, COD, or jumping performance re-
sulting solely from exercise sequencing. However, exer-
cise order may influence specific neuromuscular qualities, 
as DCT protocol was associated with greater improve-
ments in early-phase isometric force production (IMTP at 
100 ms) and CMJ-APV. Therefore, coaches may select 
ACT or DCT based on targeted neuromuscular objectives, 
logistical constraints, and athlete preference. Exercise se-
quencing should be considered a fine-tuning variable 
within CT programs, complementing appropriate load pre-
scription, movement specificity, and overall training struc-
ture. 
 
Conclusion 
 
The present study demonstrated that ACT and DCT proto-
cols induce largely comparable adaptations in jumping, 
sprinting, and COD performance in national-level male 
basketball players when training volume and intensity are 
matched.  Exercise sequencing did not result in generalized 
performance advantages across athletic tasks. Neverthe-
less, DCT protocol led to greater improvements in early-
phase isometric force production and CMJ-APV with arm 
swing, indicating that exercise order may selectively influ-
ence rapid force expression. These findings suggest that 
exercise sequencing within CT acts as a secondary pro-
gramming variable, refining specific neuromuscular quali-
ties rather than determining overall performance outcomes. 
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Key points 
 
 Ascending and descending complex training resulted in 

broadly similar adaptations in jumping, sprinting, and 
change-of-direction performance when training volume 
and intensity were equated in national-level male basket-
ball players.  

 Exercise order within complex training influenced spe-
cific neuromuscular characteristics rather than global ath-
letic performance, indicating that sequencing functions as 
a secondary programming variable.  

 Descending complex training preferentially enhanced 
early-phase isometric force production (IMTP at 100 ms) 
and countermovement jump peak velocity with arm 
swing. 
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Supplementary Table S1. Adjusted post-intervention outcomes by group with adjusted mean differences and 95% confidence 
intervals.  

Variables Adjusted mean difference 
(DCT − ACT)

95% CI p-value η²p 
CMJ jump height [cm] 1.5 -0.9 to 3.8 0.322 0.061
CMJ peak velocity [m/s]  0.61 -0.04 to 0.17 0.023* 0.283
CMJ countermovement depth [cm] -0.3 -7.9 to 7.4 0.139 0.132
CMJ contraction time [ms] -1 -137 to 135 0.326 0.060
CMJ-A jump height [cm] 2.5 -1.09 to 6.1 0.019* 0.298
CMJ-A peak velocity [m/s] 0.12 -0.02 to 0.26 0.009* 0.357
CMJ-A countermovement depth [cm] 3.5 -6.1 to 13.1 0.526 0.026
CMJ-A contraction time [ms] -14 -187 to 159 0.951 <0.001
SJ height [cm] -0.8 -3.4 to 1.7 0.137 0.133
SJ peak velocity [m/s]  -0.01 -0.12 to 0.11 0.132 0.136
DJ40 jump height [cm] -0.8 -4.4 to 2.9 0.067 0.194
DJ40 contact time [ms] 0.34 -0.04 to 0.1 0.469 0.033
DJ40 reactive strength index [m/s] -0.1 -0.4 to 0.2 0.357 0.053
DJ60 jump height [cm] 0.1 -5 to 5.2 0.772 0.005
DJ60 contact time [ms] 0.07 -0.02 to 0.16 0.727 0.008
DJ60 reactive strength index [m/s] -0.3 -0.5 to -0.1 0.087 0.172
IMTP force at 100 ms [N/kg b.m.] 1.34 -1.47 to 4.15 0.011* 0.343
IMTP force at 200 ms [N/kg b.m.] -0.06 -4.01 to 3.89 0.130 0.137
5–10–5 time [s] -0.011 -0.053 to 0.05 0.022* 0.287
5 m sprint time [s] 0.07 -0.045 to 0.153 0.050 0.220
10 m sprint time [s] -0.043 -0.096 to 0.035 0.708 0.009
CODAT [s] 0.043 0.01 to 0.08 0.159 0.120

CMJ – countermovement jump without arm swing; CMJ-A – countermovement jump with arm swing; SJ – squat jump; DJ40 – drop jump from 40 cm; 
DJ60 – drop jump from 60 cm; IMPT – isometric mid-thigh pull; CODAT – change of direction and acceleration test; * a significant difference. 
 


