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have been shown to enhance physical activity, and improve 
health-related physical fitness while promoting a healthy 
weight status (Stodden et al., 2008), conversely, low motor 
skills has been shown to cause difficulties in every-day 
tasks (Hands, 2008) and lower levels of academic attain-
ment, reduced participation in social and leisure activities 
(Preston et al., 2017), the level of motor function allows us 
to know the severity of an impairment, activity limitation 
or participation restriction (Beckung & Hagberg, 2002). 
Therefore, numerous studies demonstrated the use of var-
ied physical activity and exercise interventions as one of 
the solutions to develop motor skills characteristics in dif-
ferent populations (Han et al., 2018; Preeti et al., 2019), 
thus, the ability of an exercise program to improve overall 
motor skills is of great importance to practitioners. 

Increased membership and participation in sports clubs/
fitness facilities by athletes or by the general population to 
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Abstract
Background: There is a paucity of literature on the effects of fitness programs such as CrossFit (CF), Les Mills (LM), and traditional 
resistance training (TRAD) on sensorimotor responses, which define overall motor skills levels that are major factors in improving 
quality of life of fitness training practitioners. Objective: The purpose of this study was to assess and compare the sensorimotor 
responses after 16 weeks of CF, LM and TRAD trainings. Methods: A total of one hundred and seven sedentary participants (81 
men, 26 women, age 30.5 ± 5.7 years, weight 78.9 ± 11.1 kg, height 174.9 cm, fat mass 25.4 ± 5.3%) were assigned randomly into 
3 groups CF (n = 34), LM (n = 33) and TRAD (n = 40), they followed the training allocated at the rate of 5 sessions/week for 16 
weeks. On three occasions: before (T0), after eight (T1) and sixteen weeks (T2) of training, participants underwent different tests 
of sensorimotor measures; coordination (Extremity Motor Coordination Test), accuracy (Motor Accuracy Test), agility (Illinois Agility 
Test) and balance (Y Balance Test). Results: Coordination improved only in the LM group for upper (T0-T1: p < .001, d = 0.09–0.13; 
T1-T2: p < .001, d = 0.16–0.18) and lower limbs coordination (T0-T1: p < .001, d = 0.16–0.25; T1-T2: p < .001, d = 0.24–0.26). Agility 
test showed improvements for LM (T0-T1: p < .001, d = 0.55; T1-T2: p < .001, d = 0.87) and CF (T0-T1: p = .002, d = 0.20; T1-T2: 
p < .001, d = 0.40) and no difference for TRAD. For balance, results showed improvements in lower limbs for CF (T0-T1: p < .001, 
d = 0.08–0.14, T1-T2: p < .001, d = 0.05–0.23) and TRAD (T0-T1: p ≤ .003, d = 0.05–0.08, T1-T2: p < .001, d = 0.08–0.13) and at T2 
for LM (p = 0.04, d = 0.06–0.2), for the upper limbs, results showed improvements for CF (T0-T1: p < .001, d = 0.04–0.09; T1-T2: 
p < .001, d = 0.15–0.28), at T2 for TRAD (p = .01–.03, d = 0.03–0.10) and no difference for LM. For motor accuracy, results did not 
show any difference. Conclusions: CF and LM trainings helps develop agility; however, CF and TRAD are more oriented to balance 
while LM are to coordination improvement, all three trainings have no effect on motor accuracy.
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Introduction
Motor skill is the ability of a person to generate singular or 
multiple movements performed with a high degree of preci-
sion and accuracy; additionally, it involves the coordinated 
motion of various joints, nerves and limbs of the body to 
achieve a desired action (Srimathveeravalli & Thenkurussi, 
2005). According to Nazarenko (2015), the effectiveness 
of complex motor actions is determined by the kinesio-
logical potential and human motor activity characterized 
by coordinative areas: agility, accuracy, balance, flexibility, 
mobility, etc. Improved motor skills are desirable out-
comes from exercise interventions for a number of practi-
cal (Wulf, 2007), applied (Wulf et al., 2010), and even 
clinical purposes (Tallent et al., 2021). Those wishing to 
become more proficient at sport-specific activities or those 
simply wishing to improve their quality of life will benefit 
from improved motor skills, for instance high motor skills 
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beyond 180 million members has led to a market increase in 
specialized fitness centers (León-Quismondo et al., 2020). 
Fitness centers/gyms had to adapt their offer of sports ser-
vices in demand of this remarkable increase in participants, 
as a result, several fitness trends have been created (Thomp-
son, 2019). For those seeking to partake in structured exer-
cise, especially in order to make improvements in motor 
function, selecting the appropriate program can be difficult 
due to the variety of programs (Wulf, 2007).

As a consequence of this increase in fitness trends, a 
large number of commercial and non-commercial training 
programs exist; however, CrossFit®, Les Mills® and Tradi-
tional resistance training (Bodybuilding), are perhaps the 
most notable fitness destinations for recent sedentary or 
athletic participants (Riseth et al., 2019). CrossFit® (CF) is 
a cross-type functional training program performed at high 
intensity in sessions called Workout of the Day (WOD) 
using different techniques inspired by gymnastics (e.g., pull-
ups, push-ups, hand-stand, etc.), weightlifting (e.g., clean, 
snatch, squats, etc.) and endurance sports (e.g., running, 
rowing, swimming, etc.; CrossFit, 2019). Though there 
are a rising number of studies examining CF, most inves-
tigate the effects of training on different physical qualities 
with limited studies having examined motor skills qualities 
(Claudino et al., 2018). LesMills® (LM) is another high-
intensity intermittent training (HIIT) program, designed 
in the form of choreographed movements influenced by the 
latest trends in music and fitness culture, and performed 
in structured group classes around the world. These cho-
reographed classes involve movements inspired by combat 
and sport lasting from 45 to 55 min (Les Mills, 2019). 
Traditional resistance training (TRAD) is based on the 
use of progressive resistance exercises to promote increases 
in strength and skeletal muscle hypertrophy (Kraemer 
& Ratamess, 2004), practitioners of this type vary from 
general strength and conditioning to more competitive 
bodybuilding. Progressive resistance exercise is performed 
using various controlled, weighted movements with Olym-
pic bars, dumbbells and/or stationary machines. Though 
each training program has garnered popularity CF, LM and 
TRAD utilize different training philosophies. CF and LM 
are looking to improve functional and sport compound 
movements efficiency based on the multi-joint, fascia and 
tissue connectivity hypothesis. On the other hand, TRAD 
is looking to improve muscle qualities (e.g., strength, power 
and hypertrophy) using isolated and compound exercises 
(Angleri et al., 2017).

To the best of our knowledge, there have been several 
studies that have examined the effect of resistance training 
on balance (Orr et al., 2008), agility (Taheri et al., 2014) 
and coordination (Park et al., 2015); however, very few have 
examined motor accuracy. Conversely, for CF, previous 
work has only focused on muscular responses and is limited 
to motor skills (Claudino et al., 2018), similarly for LM, 
previous work failed to address the effect on motor skills, 
leaving a dearth of knowledge in this field. Importantly, CF 
purports that performing movements inspired by gymnas-
tics and weightlifting in their WODs allows for the devel-
opment of motor skills (e.g., coordination, balance, agility, 

accuracy; CrossFit, 2019), while studies have suggested that 
LM program can influence the development of motor skills 
positively through exercising in sync with music (Halttunen 
& Närhi, 2013). Although these purported outcomes are 
interesting, empirical evidence is lacking. Therefore, the 
purpose of this study was to evaluate changes, in senso-
rimotor responses: coordination, balance, agility and motor 
accuracy following 16 weeks of CF, and LM training and to 
compare to a widely utilized TRAD program in physically 
inactive participants. In this regard, it was hypothesized that 
there would be a significant increase in motor skills charac-
teristics after these training interventions.

Methods
Procedures
All tests and protocols of this study are in agreement with 
the declaration of Helsinki and were approved by the Ethi-
cal Committee on Human Research of the University of 
Manouba, Tunisia. Participants were asked to visit the 
exercise physiology laboratory in four separate sessions 
throughout the 16-week intervention: familiarization, pre-
training (T0), 8 weeks (T1), and 16 weeks (T2). Three 
days after familiarization with testing protocols and sub-
dividing groups procedures, the first session (T0) consisted 
of anthropometric measurements and physical assessments 
of accuracy (Motor Accuracy Test) and balance (Y Bal-
ance Test). Anthropometric and physical assessments were 
repeated for the 2nd session to assess coordination (Lower 
and Upper Extremity Motor Coordination Test), while the 
3rd session was dedicated to agility (Illinois Agility Test), 
see Figure 1.

The 16-week interventions were carried out in two dif-
ferent fitness facilities. The first facility is an affiliate of the 
CF program, and the second is a multidisciplinary center 
affiliated with the LM program and offers personalized 
training sessions following the TRAD method.

Participants
A total of 120 inactive, overweight males and females were 
enrolled in the study. After signing an informed consent, 
participants were assigned randomly to one of the three 
intervention groups, a total of 107 completed the study: 
CF (n = 34), LM (n = 33), or TRAD (n = 40). Table 1 
presents the characteristics of the participants. Height and 
weight were measured with an electric balance scales Tanita 
BC-545N (Tanita Corp., Tokyo, Japan), body composition 
was assessed by 4 sites skinfold measurements (Durnin/
Womersley formula) using Slim Guide Skinfold Caliper 
(Creative Health Products, Ann Arbor, MI, USA), all mea-
surements were carried out by the same investigators for all 
the participants at the same time of day. The enrollment of 
participants occurred in the form of a questionnaire that 
presented questions of the inclusion/exclusion criteria, the 
inclusion criteria were having no health problems and no 
muscle, tendon, or bone trauma, no experience with resis-
tance training, availability during the study period and 
coming after a period of physical inactivity (not achieving 
moderate/vigorous physical activity threshold of 75–150 
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min/week), the exclusion criteria were presence of any type 
of illness, suffering from cardiac, muscular and/or neuro-
logical disorders and doing other types of training.

Training intervention
Participants were allocated to train for a maximum of five 
times a week, no less than four times. For the CF train-
ing, the WOD programming was provided by a level 2 CF 
trainer and approved in accordance with the CF method. 
LM training was provided by certified instructors using 
ancillaries (video, audio and script) sent by the LM Group. 
The classes provided were the most accessible by members 
according to a survey made before; BODYPUMP™, BODY-
COMBAT™, BODYATTACK™, RPM™, BODYSTEP™ (Les 
Mills, 2019). 

Participants in the TRAD group were provided with a 
personalized strength training program created using base-
line testing scores. A one-repetition maximum (1RM) was 
assessed for the squat, bench press and deadlift. Participants 
performed a standardized warm-up leading to a 6-rep-
etition maximum. This was used to establish an estimated 
90% 1RM, which served as the starting point for the incre-
mental 1RM test. Loads were increased by 2.5–5.0 kg for 
each set until failure, the last successful rep was recorded as 
the 1RM. Participants were given three min of rest between 
attempts. For all other movements, the predicted 1RM 
was assessed by performing a series of 10 repetitions with 
a gradually incremented load until the ability to perform 
only 9 or fewer repetitions occurred, this information was 
placed into the Brzycki formula for the estimated 1RM 
(Brzycki, 1993). 

The programing selected was that of a traditional 5-day 
split routine common in bodybuilding. The five workouts 
isolated specific regions of the body to avoid targeting a 
particular muscle group more than twice a week, allow-
ing adequate recovery. Each training session consisted 
of a specified warm-up (3 min of walking on a treadmill 
followed by whole body and targeted muscle group light 
static stretching). Following this, participants would begin 
one of the five prescribed workouts (Table 2) starting with 
multi-joint exercises and progressing to isolated single-joint 
exercises (Kraemer & Ratamess, 2004). The following 
repetition cadence was prescribed to the participants: 2 s 
concentric phase and 2 s eccentric phase (2:2), with a rest 

Table 1 Basic anthropometric characteristics (M ± SD) of the 
participants at baseline

Characteristic CF (n = 34) LM (n = 33) TRAD (n = 40)

Men (count) 24 25 32
Women (count) 10 8 8
Age (years) 30.7 ± 6.8 29.2 ± 4.9 31.5 ± 5.3
Weight (kg) 77.2 ± 12.7 79.2 ± 9.3 80.4 ± 11.2
Height (cm) 173.3 ± 7.4 176.1 ±7.6 175.3 ± 7.8
Fat mass (%) 25.3 ± 6.7 25.8 ±4.5 25.1 ± 4.8
BMI (kg·m-2) 25.6 ± 2.6 25.5 ±2.2 25.9 ± 2.8

Note. CF = CrossFit; LM = Les Mills; TRAD = traditional resistance training; BMI = 
body mass index.

Figure 1 The study and test sessions
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time of 50–180 s between sets and 120 s between exercises. 
The prescription of exercises remained consistent over the 
16 weeks.

Accuracy 
Motor Accuracy Test (MAT) test was used (Diny et al., 
2015). The participant followed a black pattern with 
a red pen, trying to stay as strictly as possible inside the 
black outline. After testing, ImageJ software version 1.52 
(ImageJ, National Institutes of Health, Bethesda, MD, 
USA) was used to measure the area drawn only in red, 
which is expressed in cm2, that area represents the incorrect 
trace of the pattern. As suggested before (Diny et al., 2015), 
we limited the time of each test to 5 s to equalize the condi-
tions between all participants.

Balance
For the lower limbs we used the Y Balance Test Lower 
Quarter (YBT-LQ; Shaffer et al., 2013). The participant, 
barefoot and with hands clasped on the hip, was standing 
on one leg resting on the central platform of the test kit 
(Move2Perform, Evansville, IN, USA) while maintaining 
the same posture, the participant tried to push the indica-
tor box along the three directions: anterior, posteromedial 
and posterolateral. After three trials, the best values were 
recorded. Failure was the inability to maintain the posture, 
leaning on the indicator box for each direction or moving 
hands from the hip. Prior to beginning the assessment, the 
participant performed 6 practice trials for familiarization. 

To provide a more holistic view of balance, we included 
the Y Balance Test Upper Quarter (YBT-UQ; Gorman et 
al., 2012). Participants in a plank position next to the test-
ing kit, with the support of one hand positioned on the 
central platform, feet shoulder-width apart. The partici-
pant pushed each indicator box according to its direction 
(medial, uperolateral and inferolateral) with the free hand, 
the best value was recorded after three trials. The test failed 
if the participant could not maintain a unilateral stance on 
the platform or used the reach indicator for stance support.

Coordination
Lower-Extremity Motor Coordination Test (LEMOCOT; 
Antosiak-Cyrak et al., 2015) was used. The participants sit-
ting on a chair with their hands on the sides, barefoot, were 
asked to touch two circles 30 cm apart located in front of 
the chair (distanced based on a 90° bend in the knee) with 

the ball of the foot as quickly as possible above a stick raised 
15 cm from the ground for 20 s, recording began as soon 
as the participant touches the first point, the total number 
of touches was measured and recorded using a photoelec-
tric cell (OptoJump Next photocell system, Microgate, 
Bolzano, Italy). To measure the coordination of the upper 
limbs, we adapted the same test with conditions suitable for 
the arms (UEMOCOT; Kauranen & Vanharanta, 1996). 
The participant, with the same previous position and the 
same photocell, was asked to touch two points 40 cm apart 
on a platform adjusted to the height of their chest as quickly 
as possible above the same stick and for 20 s.

Agility
The Illinois Agility Test was used. At the start of the test, 
the participant lay in a prone position, then got up and 
sprinted between spaced cones in the configuration of the 
Illinois Agility Test (Raya et al., 2013), the time from the 
participant’s first movement from the initial position to the 
finish line was measured using two photocell sensors (TC-
PhotoGate, Brower Timing System, Draper, UT, USA) the 
best time was recorded after three trials. If the participant 
could not follow the course diagram as indicated or touched 
a cone, they were required to test again as needed.

Statistical analysis
The data were analyzed with the statistical program SPSS 
version 23.0 for Windows (SPSS Inc., Chicago, United 
States) and the statistical significance level was estab-
lished at p < .05. Descriptive statistics are presented as 
means ± standard deviations. All data were normally dis-
tributed, and this was assessed by the Shapiro-Wilk test. The 
homogeneity of the variances was confirmed before analysis 
using the Levene test. Single-factor analysis of variance was 
used to verify the non-existence of statistically significant 
differences in pre-intervention measures. A 3 (group: CF, 
LM, TRAD) × 3 (time: T0, T1, T2) repeated measures 
mixed-model analysis of variance was used to assess the 
training effect during the intervention period. In addition, 
the Bonferroni post-hoc test was used to determine the dif-
ference between the measures and to compare the changes 
between the different training sessions. Finally, the size of 
the effect of the differences between variables effects was 
interpreted using the partial eta-squared (ηp

2), where an 
effect size smaller than .01 indicates a negligible difference, 
between .01 and .06 a small difference, between .06 and 

Table 2 Training used in the traditional resistance training group

Training day Exercises Total sets

Day 1: Pectoral bench press, incline press, decline press, chest press, dumbbell incline chest flya, cable crossovera, dumbbell pullover 23
Day 2: Posterior chain deadlift, weighted back extension, lateral pull down, weighted pull up, dumbbell rowing, low pulley, cable straight arm pull 

downa
22

Day 3: Legs squat, lunges, leg press, leg extension, leg curla, single leg kick back, calf raisea 23
Day 4: Shoulders military press, Arnold press, barbell upright rowa, clean press, lateral raisea, frontal raisea, high row, shrug 28
Day 5: Arms and abdominals barbell biceps curl, dumbbell hammer curl, triceps extension, dumbbell over-head extension, reverse curl, barbell wrist curl, 

cable crunches, cable Russian twist
24

Note. Unless indicated otherwise, each exercise was performed in 3 sets (loads are percentages of one repetition maximum): 10 repetitions at 70% load, 8 repetitions at 
80% load, and 6 repetitions at 90% load. a4 sets: 14 repetitions at 60% load, 12 repetitions at 70% load, 10 repetitions at 80% load, and 8 repetitions at 90% load.
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.14 a medium difference and greater than .14 a large differ-
ence. Effect sizes for pairwise comparisons were calculated 
as Cohen’s d where appropriate, where an effect size smaller 
than 0.2 indicates a negligible difference, between 0.2 and 
0.5 a small difference, between 0.5 and 0.8 a moderate dif-
ference and greater than 0.8 an important difference.

Results
TRAD participants failed to achieve the prescribed repeti-
tions until the 12th week (particularly the 3rd/4th set at 90%). 
They were encouraged to complete as many as they could 
in each session. Following the 3rd week participant comple-
tion rate steadily increased. With the increasing number of 
completed repetitions per week, participants experienced 
an increase in volume and load. Their completion percent-
age is as follows. During the first three weeks only 93% 
of the total repetitions prescribed were achieved (week 
1: 93 ± 9.2%, week 2: 93 ± 8.9%, week 3: 93 ± 8.5%), 
with a gradual increase to 99% following week eight (week 
4: 95 ± 6.7%, week 5: 96 ± 4.7%, week 6: 98 ± 2.9%, 
week 7: 98 ± 2.6%, week 8: 99 ± 1.6%) through week 
16 (week 9: 99 ± 1.6%, week 10: 99 ± 1.6%, week 11: 
99 ± 1.6%, week 12: 100 ± 1.4%; week 13: 100 ± 1.25%, 
week 14: 100 ± 1.1%, week 15: 100 ± 0.92%, week 16: 
100 ± 0.66%). 

MAT test results did not demonstrate any significant 
difference in time (F(2, 104) = 4.27, p = .89, ηp

2 < .001) 
or in group factor (F(2, 104) = 0.36, p = .70, ηp

2 = .007), 
see Figure 2.

YBT-LQ demonstrated a significant time effect on 
the right and left leg balance (Table 3). Bonferroni test 
demonstrated significant improvements of balance for CF 
in anterior direction (right T0-T1: p < .001, d = 0.13; 
right T1-T2: p < .001, d = 0.23; left T0-T1: p < .001, 
d = 0.12; left T1-T2: p < .001, d = 0.21), posteromedial 
direction (right T0-T1: p < .001, d = 0.09; right T1-T2: 
p < .001, d = 0.15; left T0-T1: p < .001, d = 0.1; left 

Table 3 Means, standard deviations (in cm), and analysis of variance (ANOVA) for the Y Balance Test Lower Quarter

Variable CF LM TRAD

ANOVA

Effect F-ratio p ηp
2

Anterior right
T0 50.0 ± 6.1 50.3 ± 6.3 50.1 ± 6.1 G 0.05 .96 .001
T1 50.8 ± 5.6 50.5 ± 6.3 50.6 ± 6.2 T 84.61 < .001 .450
T2 52.2 ± 6.0 50.9 ± 6.4 51.4 ± 6.4 G × T 9.46 < .001 .150

Anterior left
T0 50.3 ± 6.9 50.9 ± 6.9 51.1 ± 6.5 G 0.08 .92 .002
T1 51.1 ± 6.8 51.0 ± 7.0 51.6 ± 6.7 T 81.83 < .001 .440
T2 52.4 ± 6.8 51.4 ± 6.9 52.4 ± 7.0 G × T 9.15 < .001 .150

Posteromedial right
T0 90.6 ± 9.2 91.1 ± 7.7 90.2 ± 9.4 G 0.08 .93 .001
T1 91.3 ± 8.8 91.2 ± 7.6 90.7 ± 9.5 T 83.83 < .001 .440
T2 92.7 ± 9.2 91.7 ± 7.9 91.5 ± 9.7 G × T 9.34 < .001 .150

Posteromedial left
T0 89.8 ± 8.3 90.0 ± 7.0 90.0 ± 8.4 G 0.05 .96 .001
T1 90.6 ± 8.4 91.1 ± 8.1 90.5 ± 8.4 T 82.62 < .001 .440
T2 91.0 ± 8.5 91.5 ± 8.1 91.3 ± 8.6 G × T 9.18 < .001 .150

Posterolateral right
T0 85.2 ± 9.8 85.1 ± 9.5 84.0 ± 9.8 G 0.25 .78 .005
T1 86.0 ± 9.9 85.3 ± 9.6 84.5 ± 10.0 T 87.76 < .001 .430
T2 87.4 ± 9.7 85.7 ± 9.7 85.3 ± 10.3 G × T 8.95 < .001 .140

Posterolateral left
T0 85.2 ± 9.8 85.1 ± 9.5 84.0 ± 9.8 G 0.17 .85 .003
T1 86.0 ± 9.9 85.3 ± 9.6 84.5 ± 10.0 T 82.39 < .001 .440
T2 87.4 ± 9.7 85.7 ± 9.7 85.3 ± 10.3 G × T 9.43 < .001 .150

Note. CF = CrossFit; LM = Les Mills; TRAD = traditional resistance training; T0 = tested before training; T1= tested after 8 weeks of training; T2 = tested after 16 weeks of 
training; G = group; T = time.

Figure 2 Results of the Motor Accuracy Test
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T1-T2: p < .001, d = 0.05) and in posterolateral direction 
(right T0-T1: p < .001, d = 0.08; right T1-T2: p < .001, 
d = 0.14; left T0-T1: p < .001, d = 0.08; let T1-T2: 
p < .001, d = 0.13), similarly significant improvement 
for TRAD in anterior direction (right T0-T1: p = .002, 
d = 0.08; right T1-T2: p < .001, d = 0.13; left T0-T1: 
p = .002, d = 0.07; left T1-T2: p < .001, d = 0.12), pos-
teromedial direction (right T0-T1: p = .002, d = 0.05; 
right T1-T2: p < .001, d = 0.08; left T0-T1: p = .003, 
d = 0.06; left T1-T2: p < .001, d = 0.09) and in postero-
lateral direction (right T0-T1: p = .002, d = 0.05; right 
T1-T2: p < .001, d = 0.08; left T0-T1: p = .003, d = 0.05; 
let T1-T2: p < .001, d = 0.08), while LM group developed 
balance only after 16 weeks in anterior direction (right: 
p = .04, d = 0.09; left: p = .04, d = 0.07), posteromedial 
direction (right: p = .04, d = 0.08; left: p = .04, d = 0.2) 
and only in posterolateral left direction (p = .04, d = 0.06). 
When comparing the groups, we did not notice any signifi-
cant difference. 

YBT-UQ test results demonstrated a significant time 
effect (Table 4). Bonferroni test showed significant balance 
improvements for CF in medial (right T0-T1: p < .001, 
d = 0.06; right T1-T2: p < .001, d = 0.21; left T0-T1: 
p < .001, d = 0.09; left T1-T2: p < .001, d = 0.28), super-
olateral (right T0-T1: p < .001, d = 0.04; right T1-T2: 
p < .001, d = 0.15; left T0-T1: p < .001, d = 0.09; left 
T1-T2: p < .001, d = 0.28) and in inferolateral direction 
(right T0-T1: p < .001, d = 0.06; right T1-T2: p < .001, 
d = 0.18; left T0-T1: p < .001, d = 0.07; left T1-T2: 
p < .001, d = 0.23), for TRAD in medial (right T0-T2: 

p = .01, d = 0.06; left T0-T2: p = 0.01, d = 0.09), supero-
lateral (right T1-T2: p = .04, d = 0.03; T0-T2: p = .01, 
d = 0.05; left T1-T2: p = .04, d = 0.07; T0-T2: p = .01, 
d = 0.10) and inferolateral direction (right T0-T2: p = .03, 
d = 0.06; left T0-T2: p = .03, d = 0.07), while for LM 
group there was no significant difference

LEMOCOT demonstrated a significant interac-
tion time × group for the coordination of the right (F(2, 
104) = 13.43, p < .001, ηp

2 = .20) and left leg (F(2, 
104) = 12.83, p < .001, ηp

2 = .20) and a significant time 
effect for the right (F(2, 104) = 26.61, p < .001, ηp

2 = .2) 
and left leg (F(2, 104) = 25.66, p < .001, ηp

2 = .20) yet no 
significant effect of group (Figure 3). Post-hoc test showed 
a significant increase for LM during the study (right: 
p < .001, T0-T1: d = 0.16; T1-T2: d = 0.26; left: p < .001, 
T0-T1: d = 0.25, T1-T2: d = 0.24), whereas there was no 
significant difference in CF and TRAD, no significant dif-
ference between groups demonstrated. UEMOCOT dem-
onstrated significant interaction time × group for the right 
(F(2, 104) = 16.75, p < .001, ηp

2 = .24) and left arm (F(2, 
104) = 5.76, p < .001, ηp

2 = .10), and significant time 
effect (Figure 3) for the right (F(2, 104) = 30.85, p < .001, 
ηp

2 = .23) and left (F(2,104) = 12.6, p < .001, ηp
2 = .10) 

arm. Post-hoc test showed a significant increase for LM 
(right: p < .001; T0-T1: d = 0.09, T1-T2: d = 0.18; left: 
p < .001; T0-T1: d = 0.13, T1-T2: d = 0.16).

Agility results demonstrated significant interaction in 
time × group (F(2, 104) = 258.9, p <  .001, ηp

2 =  .80) and 
in time (F(2,104) = 839.8, p <  .001, ηp

2 =  .90). Bonfer-
roni test demonstrated significant improvement for CF 

Table 4  Means, standard deviations (in cm), and analysis of variance (ANOVA) for the Y Balance Test Upper Quarter

Variable CF LM TRAD

ANOVA

Effect F-ratio p ηp
2

Medial right
T0 77.3 ± 12.5 78.8 ± 9.6 76.9 ± 12.7 G 0.23 .79 .004
T1 78.0 ± 12.3 79.0 ± 9.6 77.2 ± 12.7 T 65.59 < .001 .380
T2 80.5 ± 11.6 79.3 ± 9.8 77.7 ± 12.8 G × T 19.77 < .001 .270

Medial left
T0 78.1 ± 9.0 78.4 ± 7.5 77.8 ± 8.8 G 0.22 .80 .004
T1 78.9 ± 8.7 78.6 ± 7.7 78.0 ± 8.9 T 65.49 < .001 .390
T2 81.3 ± 8.3 79.0 ± 8.0 78.6 ± 9.0 G × T 19.82 < .001 .270

Superolateral right
T0 53.5 ± 15.5 53.4 ± 13.9 50.4 ± 15.1 G 0.71 .50 .010
T1 54.2 ± 15.6 53.4 ± 14.0 50.7 ± 15.0 T 68.48 < .001 .390
T2 56.6 ± 15.5 53.9 ± 14.3 51.2 ± 14.9 G × T 19.74 < .001 .270

Superolateral left
T0 51.0 ± 8.5 50.9 ± 8.3 49.4 ± 8.6 G 0.90 .41 .020
T1 51.8 ± 8.7 51.0 ± 8.5 49.6 ± 8.2 T 66.55 < .001 .380
T2 54.2 ± 8.7 51.4 ± 8.6 50.2 ± 8.2 G × T 19.59 < .001 .260

Inferolateral right
T0 68.8 ± 13.1 70.2 ± 12.7 68.4 ± 12.4 G 0.17 .84 .003
T1 69.6 ± 13.3 70.2 ± 12.8 68.7 ± 12.6 T 61.4 < .001 .370
T2 72.0 ± 12.8 70.7 ± 12.8 69.2 ± 12.8 G × T 20.03 < .001 .280

Inferolateral left
T0 73.1 ± 10.6 72.5 ± 11.3 72.8 ± 10.5 G 0.24 .79 .005
T1 73.9 ± 10.8 72.6 ± 11.5 73.1 ± 10.6 T 60.19 < .001 .360
T2 76.3 ± 10.4 73.0 ± 11.7 73.5 ± 10.7 G × T 20.13 < .001 .270

Note. CF = CrossFit; LM = Les Mills; TRAD = traditional resistance training; T0 = tested before training; T1= tested after 8 weeks of training; T2 = tested after 16 weeks of 
training; G = group; T = time.
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and LM (p <  .001; CF T0-T1: d = 0.20, CF T1-T2: 
d = 0.40; LM T0-T1: d = 0.55, LM T1-T2: d = 0.87), 
while there was no significant change for TRAD (Figure 4). 
Post-hoc test showed significant increase in agility in LM 
compared to CF (16.76 ± 1.67 vs 17.9 ± 1.87, p =  .03, 
d = 0.64) and TRAD (16.76 ± 1.67 vs 18.92 ± 1.74, 
p <  .001, d = 1.26) and significant gain for CF com-
pared to TRAD (17.9 ± 1.87 vs 18.92 ± 1.74, p =  .04, 
d = 0.56) only in T2.

Discussion
For motor accuracy, none of the trainings studied devel-
oped motor precision based on the results of the MAT test. 
According to CrossFit and in their training guide (Cross-
Fit., 2019), training with gymnastics-inspired movements 
and with Olympic weightlifting movements helps develop 
motor accuracy, however, there were no observed improve-
ments following the 16 weeks of training. Similar to CF, 
LM and TRAD were inefficient, to the best of our knowl-
edge, since LM is basically a HIIT training, previous work 
has only focused on the effect of an acute bout of HIIT, 
where a single session did not have a significant effect on 
aspects of motor accuracy (Swarbrick et al., 2020), despite 
the variety of techniques utilized in their choreographies, 
LM training did not show any improvement in motor accu-
racy. On the other hand, despite the variety of studies done 
on resistance training on different physical qualities, as far 
as we know this is the first study that investigated the effect 
of traditional resistance training on motor accuracy, as a 
result TRAD group did not show improvement even after 
16 weeks of training.

Each group demonstrated time-dependent changes in 
both left and right legs, with significant improvements 
observed in T1 and T2 for CF and TRAD and only T2 

for LM. When examining the upper limbs, improvements 
were mixed (Table 4), where CF improved in all three 
directions for all time points, while TRAD only observed 
improvements at T2, and LM failed to show any improve-
ment. Anderson and Behm (2005) summarized from the 
literature that stable resistance training without integrating 
the balance factor has also a positive effect on the general 
balance of the body. Additionally, they cite the importance 
of the use of free weights to develop balance, which was 
greatly implemented in both CF and TRAD programming. 
The consistent improvement in balance seen in the CF 

Figure 3 Results of the Lower Extremity Motor Coordination Test (LEMOCOT) and Upper Extremity Motor Coordination Test (UEMOCOT) 
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Figure 4 Results of the Illinois Agility Test
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group every eight weeks for the upper and lower limbs can 
be attributed to the variety of complex Olympic and gym-
nastic movements as seen in their training guide (CrossFit, 
2019), CF mentioned that the use of gymnastic techniques 
(handstand, pull-ups, squats, lunges, pistols) and Olympic 
weightlifting (snatch, clean and jerk) in their programs 
allows developing balance, which was demonstrated in the 
current study. According to the literature, Chaouachi et 
al. (2014) demonstrated that Olympic weightlifting tech-
niques obviously help develop balance, in addition, Kocha-
nowicz et al. (2017) and Bressel et al. (2007) demonstrated 
a positive effect of gymnastics training on proprioception 
and balance development. For LM training, the results of 
our study hardly showed a significant improvement in bal-
ance after 16 weeks of training and those only for the lower 
limbs, we believe that the execution of techniques of kicks 
inspired by taekwondo and karate during the Bodycombat™ 
class could have a great effect on this improvement of bal-
ance (Fong et al., 2012; Fong & Ng, 2011). According to 
Ageberg et al. (2005), anterior knee laxity, proprioception 
and muscle strength play a role in maintaining balance in a 
single limb, thereby, we can conclude that CF and TRAD 
training develops a balance of the body by improving the 
two parameters of perception and muscle strength.

The coactivation between the agonist and antagonist 
muscles is an essential element for the development of 
coordination, this coactivation increases the stability and 
rigidity of the joints (Duchateau & Baudry, 2010), thereby 
improving coordination. In the examined CF and LM 
modalities, the use of multi-joint complex plyometric 
movements heavily relies on coactivation and coordination 
of both the agonist and antagonist muscle groups, which, 
by reason would expect both groups to experience improve-
ments in task control and muscle coordination. Interest-
ingly, this was not the case in the current study, by which, 
only LM demonstrated improvements (T1 and T2). The 
improvement of the LM group can likely be explained by 
the nature of the exercise programming and modality. For 
instance, LM heavily relies on bodyweight resistance and 
in some variations (i.e., BODYPUMP) lighter weights are 
used. Furthermore, the rhythmic execution of alternating 
movements of martial arts and calisthenics engage both 
upper and lower limbs or a combination of them (Les 
Mills, 2019). Together, the modality of LM better reflects 
the conditions of the coordination tests, which examine 
unweighted upper and lower limb movement. Additionally, 
by trying to synchronize their movements to the rhythm 
of the music, an additional challenge for the participants 
may occur, which may tax the central nervous system and 
subsequently promote coordination adaptation (Johansson 
& Cole, 1992). Along with this, participants of LM have 
to synchronize movements in the RPM™ class, which is a 
cycling class that highly involves the lower limbs (Dorel et 
al., 2012).

Though CF provides many of the qualities that should 
promote improvements in coordination, it failed to elicit 
changes. This may be in part due to the style of muscle 
movement and engagement. The resistances of CF move-
ments are generally much heavier than those of the LM 

modality, which would generate differences in muscle 
recruitment. For instance, commonly utilized movements 
such as the power clean, snatch, thruster, box jumps etc. 
are quick and explosive movements and are performed at 
the practitioner’s own pace which can compromise coor-
dination improvement (Duchateau & Baudry, 2010). 
Additionally, WODs are continuously varied, and exercises 
rapidly change, making it not uncommon for an individual 
to perform a continuous movement for no longer than a 
few repetitions. This force generation combined with the 
sporadic nature of the exercises may not be optimal for the 
translation to the coordination tests utilized in this study. 
Future research should utilize a multi-joint coordination 
test to evaluate the CF modality. 

Similar to CF, the TRAD group did not show any 
improvement in coordination. This finding was expected 
due to the cadences prescribed to the participants (i.e., 
2 s at each phase). Additionally, participants worked at a 
higher percentage of their 1RM, facilitating slow, controlled 
movements. Contrary to the findings of this study, Park 
et al. (2015) and Kauranen et al. (1998) found improve-
ments in coordination respectively after six and ten weeks 
of a resistance training program. The difference in findings 
may be related to the use of specific single joint or upper 
extremity-only resistance programs, whereas the program 
of our study was a bodybuilding program dedicated to the 
whole body.

Time-dependent improvements in agility occurred in 
both CF and LM groups. These results are supported by 
previous studies (Howard & Stavrianeas, 2017; Taheri et 
al., 2014) which demonstrated an improvement in agil-
ity after 6 weeks of plyometric training and 10 weeks of 
HIIT, both of which are highly incorporated in CF and 
LM. Subsequently, agility improvement seen in CF and 
LM can be explained by plyometric muscle contractions 
during different exercises integrated into training (Baro 
& Sonowal, 2014). Contrary, TRAD training essentially 
relies on slow and relatively heavy execution of movements, 
therefore TRAD group did not improve in agility. Accord-
ing to Carter et al. (2018), agility is the ability to change 
directions efficiently and requires the integration of motor 
skills such as balance, strength, and reaction time. Despite 
the fact that TRAD improved balance, it was not enough to 
develop agility. Interestingly, LM did not develop balance 
despite having shown improvements in agility, along these 
lines we can infer that changes in reaction time may impact 
the development of agility.

Though this study was carefully developed, it was not 
without limitations. Participant training time was self-
selected (mornings, afternoons or evenings) throughout the 
study period, creating a discrepancy between the training 
times. The resistance training protocol may have been over-
prescribed for the population, and future studies should 
examine a periodization-based program to prevent this. It 
is important to note that group-based training and the sup-
port of the coaches contributed to the commitment of the 
participants. This relationship was not directly examined in 
this study and should be examined in future projects. 
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Conclusions
Among the studied programs, only LM demonstrated the 
ability to develop coordination, both LM and CF elicited 
developments in agility, while CF and TRAD improved 
balance, yet no effect on motor accuracy has been demon-
strated in any group. As such, each program provides some 
level of improvement, and program selection should be 
made based on the most desired outcomes. 
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