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Abstract: The aim of this study was to determine the effects of two different home-based training
interventions on functional parameters and body composition in obese patients. Sixty-four obese
patients were recruited at the IRCCS Istituto Auxologico Italiano and randomly assigned into a
movement quality group (MQ) and a conventional training group (CT). In the MQ, the training
protocol combined various stimuli based on whole-body movement patterns, mobility, motor control
and diaphragmatic breathing. The CT included traditional bodyweight resistance-training exercises.
All patients were tested for movement efficiency (Functional Movement Screen, FMS), postural
control (Modified Balance Error Scoring System, M-BESS), breathing pattern (Total Faulty Breathing
Scale, TFBS), muscular strength (Handgrip Strength Test, HST and Five Repetition Sit to Stand,
FRSTS) and body composition (Waist Circumference, WC, Body Mass Index, BMI, Body fat mass
percentage, Fat Mass) before and after a 6-week period of training. Significant interactions and
main effects of time (p < 0.0001) were found in MQ compared to CT in the FMS, M-BESS and TFBS
parameters, while muscular strength (HST, FRSTS) and body composition parameters improved
similarly in both groups with a main effect of time (p < 0.05). These findings suggest that a 6-week
movement quality training is effective in ameliorating postural control and movement efficiency with
similar improvements in muscular strength and body composition compared with a mere traditional
home-based training. Fitness coaches and practitioners might consider the MQ intervention as a
valuable alternative to conventional training when treating obesity.

Keywords: obesity treatment; movement quality; physical fitness

1. Introduction

Being physically fit may play a valuable role in the development of wellbeing or injury
prevention [1–3] and within the parameters related to the decrease of physical fitness,
obesity is one of them [4]. In this context, ample evidence demonstrates that obesity is asso-
ciated with an augmented cardio-metabolic risk [5], reduced postural control [6], dynamic
balance [7,8], functional movement performance [9,10], strength-related variables [11] and
breathing-pattern efficiency [12]. In light of this, obese patients might have several com-
pensatory strategies to cope with reduced motor control because, as body weight increases,
higher muscular strength is required to stabilize the center of pressure within the base of
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support [13,14]. In particular, it was observed that excessive body weight diminishes limbs
and trunk strength, leading to impaired muscle function [15].

Notably, Capodaglio et al. (2009) suggested that an obesity-related rehabilitation
program should consider components such as proprioception, muscular isometric strength,
cardiorespiratory conditioning and body-image exercises [6] respecting a multidisciplinary
approach [16]. International guidelines of the American College of Sports Medicine and
World Health Organization state that to improve fitness levels at least 150 min a week
of physical activity at moderate intensity, combined with resistance training composed
of 8–12 repetitions with an intensity of 60–70%1RM for each muscle group, are recom-
mended [17–19]. However, the widely accepted aforementioned guidelines mainly focus
on quantity of exercise with little consideration regarding the quality of motor execution
(i.e., “how” an individual performs each exercise).

As for the effectiveness of quality movement training on physical fitness and postural
control, the available literature is scarce and there is a prevalence of studies conducted on
healthy, normal-weight individuals [20,21].

In this regard, Frost et al. (2015) enrolled healthy adults assigned into three groups:
a “movement-guided”, a conventional fitness and a control group. After 12 weeks of
training, the first 2 groups showed significant improvements in fitness parameters (aerobic
capacity, muscle strength, flexibility), but only the “movement-guided” group showed an
amelioration in the biomechanical evaluation (kinematic analysis of lumbar spine during
whole-body tasks), meaning a better motor control [21]. A further study by Bennett et al.
(2019) aimed to compare the potential effects of a quality movement training regimen
on “fitness” (countermovement jump, broad jump, single leg broad jump, 3RM deadlift,
3RM bench press and 3RM row) and “functional” variables (Functional Movement Screen
and MovementSCREEN). Both intervention groups (“quality movement” and “traditional
fitness”) demonstrated significant improvements in fitness parameters overtime with
no between-group differences. On the contrary, solely the “quality movement” group
showed significant improvements in functional performance measurements [20]. Overall,
these experimental studies provide additional evidence regarding the positive effects of a
quality movement training program on fitness levels and postural control in normal-weight
individuals.

To the best of our knowledge, no previous studies evaluated the impact of a quality
movement training regimen on patients with obesity.

Therefore, the aim of this study was to evaluate whether a quality movement exercise
protocol would be more effective than a traditional resistance training in enhancing postural
control and fitness parameters in patients with obesity.

2. Materials and Methods
2.1. Participants

The study sample included 64 Caucasian patients with obesity recruited among the
patients referred to the IRCCS Istituto Auxologico Italiano for a weight management
intervention. Exclusion criteria were patients aged more than 70 years, patients with knee
pain (Visual Analogue Scale > 7 a.u.), history of hip or knee replacement, severe hip or knee
ostheoarthrosis, cardiac or neurological and any other medical conditions contraindicating
physical activity.

2.2. Multidisciplinary Lifestyle Program

The lifestyle program consisted of 1 weekly 3-h session including a medical examina-
tion, nutritional education, peer group psychological support and individual consultancies
regarding physical activity for a comprehensive duration of 3 months. A self-monitored
diary including food consumption and daily physical activity were used as a tool for
education and reinforcement. Diet based on a caloric restriction (1200–2000 kcal/day, 21%
proteins, 53% carbohydrates, 26% lipids) was prescribed by a dietitian to each participant.
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2.3. Procedures

Within the lifestyle program, patients were randomly assigned to two physical ac-
tivity intervention groups as determined by a random number generator on a computer
performing a block randomization design: Movement-Quality group [MQ, n = 32] and
Conventional Training group [CT, n = 32]. At the end of the study, we checked that no
errors had been made in allocation. The investigator (LC) generated the random allocation
sequence, two other investigators (GR and MC) enrolled participants, and one investigator
(LG) assigned participants to interventions. For each subject, an individual home-based
training program was prescribed by a certified sport scientist for 6 consecutive weeks
(total training sessions: 18). During this time, patients were asked not to perform other
physical exercise aside from that specified for the purposes of this study. Before and after
the 6-week intervention, functional parameters regarding movement efficiency, breathing
pattern and muscular strength were performed. Finally, at baseline and at the end of
the multidisciplinary lifestyle program measurements on body composition parameters
were conducted.

Functional Parameters

The functional movement performance was assessed using the Functional Movement
Screen (FMS). This testing procedure was developed by Cook and Burton [22,23] and
consists of performing seven basic locomotor patterns. According to Molina-Garcia (2019),
to overcome execution difficulties presented by patients with obesity, only four patterns
were considered (deep squat, hurdle step, shoulder mobility and active straight leg raise).
Movement efficiency is graded on a scale from 0 to 3 points based on how a task is executed.
Each single score was summed to provide a final composite score. Administration of the
FMS was provided by a certified instructor. This testing procedure has a moderate to high
inter-rater reliability (Kappa coefficient = 0.64, 0.57, 0.76, and 0.79) [9].

Static postural control was measured using the modified version of the Balance Error
Scoring System (M-BESS) [24]. M-BESS requires participants to stand in an upright position
with hands on hips, eyes closed on a firm surface for 20 s under three conditions: double
stance, tandem and single stance. During each trial, the examiner counts the number of
errors that the participant performs according to the following criteria: moving hands off
hips, opening eyes, stepping, stumbling, or falling, shifting hips more than 30 degrees of
flexion or abduction, lifting the heel or the forefoot, remaining out of the proper testing
position more than 5 s. The total number of errors were summed to produce M-BESS score.
M-BESS shows a high inter-rater reliability (ICC = 0.88) [24].

The faulty breathing was assessed using the Total Faulty Breathing Scale (TFBS) [25].
The examiner observed the patient’s breathing pattern in terms of abdominal contribution,
lower rib expansion or upper ribs–clavicle motion. The scoring was based on three main
criteria: absence of outward lateral rib motion (score “1”), lifting of the clavicle (score “2”)
and paradoxical breathing (score “3”) in both relaxed and deep breathing. This testing
procedure presents a high inter-rater (Kappa score 1) and intra-rater reliability (Kappa
score 0.780) [25].

To detect muscular strength, the Handgrip Strength Test (HST) and the Five Repetition
Sit-To-Stand test (FRSTS) were performed. The HST was conducted with a hydraulic
dynamometer Jamar (J. A. Preston Corporation, Clifton, NJ, USA) in respect to the stan-
dardized testing procedures [26] whose validity and reliability (r = 0.81) were previously
established [27]. The patient was seated on a chair without armrests with the elbow flexed
at 90◦ exerting the maximum isometric grip. Three measurements for each hand are per-
formed with a 45-s rest in between. The mean value was calculated for the subsequent
analysis. In the FRSTS test, the patient should rise from the chair as quickly as possible for
five times consecutively with his/her arms crossed over the chest [28,29]. Three measure-
ments using a manual stopwatch were conducted with 90 s of rest. This testing procedure
exhibits a high intra-rater reliability coefficient (ICC = 0.81) [29].
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Clinical and body Compositional measures, Body Mass Index (BMI), was derived
from anthropometric measurements calculated as weight (kilograms) divided by square of
height (meters squared). Body weight was measured to the nearest 0.1 Kg with a calibrated
weight scale (SECA® 877, Hamburg, Germany) and body height was recorded to the
nearest 0.1 cm with a stadiometer (SECA® 240, Hamburg, Germany).

Waist Circumference (WC) was measured at the level of the umbilicus with the patient
in quite standing position during the expiration phase.

Body fat mass percentage (FM%) was assessed using bioelectric impedance analysis
(BIA 101-RJL Systems Akern srl, Firenze, Italy) by a trained nurse during which the patient
was positioned in a supine position abducting his/her lower limbs of 45◦ with respect to
the midline of the body. It was requested that the patient fast overnight and not practice of
physical activity in the previous 12 h. The bioelectrical impedance assay was performed in
the morning after resting for 20 min, in a well-ventilated room with constant temperature.

2.4. Training Intervention

The two home-based training protocols consisted of a 6-week exercise program de-
signed to improve general fitness levels, but differed with regard to the type, order of
presentation of the exercises and movement pattern performed.

The MQ protocol followed the approach reported in the study of Cavaggioni et al.
(2019) emphasizing mobility, stability and neuromuscular training [30]. In detail, it was
based on self-awareness about the movement execution while performing multi-joint
strength exercises [31], diaphragmatic breathing [32,33] and corrective postures to em-
phasize motor control [22,23]. Conversely, the CT program was chosen from a variety of
traditional strength exercises with the primary objective to increase fitness levels using
bodyweight and elastic-bend exercises following the recommendations proposed by the
American College of Sports Medicine [19].

A detailed description of the overall training interventions is shown in Table 1. Both
protocols were administered in a circuit-training modality (time of work per set 30 s, time
of rest between each exercise 15 s, time of rest between sets 2 min, total volume 3 sets) for a
duration of 45 min with a frequency of 3 days per week, respectively.

Table 1. Training content of the 6-week intervention performed by MQ and CT groups.

Weeks MQ CT

Week 1 to 2

Wall slide breathing with arms, rib-grab thoracic spine
rotation from split stance, hip-airplane both feet on the
ground, unilateral horizontal push with band in split

squat position, goblet squat with dumbbell, side plank
rotation with hands on the wall, unilateral horizontal pull

with band in split squat position, in place standing
cross-marching, pallof press from standing

Shoulder mobility circumduction, forward spine
flexion from standing, quadriceps stretch, wall

push-up, abdominal crunch, wall squat exercise,
alternated biceps curl with dumbbells, abdominal

oblique crunch, alternating forward lunge

Week 3 to 4

Alternated wall slide breathing with arms, thoracic spine
rotation with arm reach from split stance, hip-airplane

with one foot raised, unilateral horizontal push with band
with forward lunge, goblet squat to overhead press with
dumbbell, tortional buttress with hands on table/wall,

unilateral horizontal pull with band with backward lunge,
in place standing cross-marching, stability lift with band

in standing position

Shoulder flexion-extension mobility, forward spine
flexion from standing with lower-legs abducted,

quadriceps stretch, table push-up, abdominal crunch
with slow eccentric phase, squat with dumbbells,

symmetric biceps curl with dumbbells, abdominal
oblique crunch, continuous forward lunge

Week 5 to 6

Hip hinge with dowel, thoracic spine rotation with arm
sweep from split stance, diaphragmatic breath with arms

raised overhead, unilateral horizontal push with in
monopodalic stance, squat with spine rotation and

overhead press stability chop with band in standing
position, unilateral horizontal pull in monopodalic stance,

curl to press with dumbbells, stability lift with band in
standing position

Shoulder adduction-abduction mobility, lateral spine
flexion from standing with lower-legs abducted,

quadriceps stretch, wall push-up with band around
scapula, abdominal crunch with slow eccentric phase,

squat with band under feet, symmetric biceps curl
with band, abdominal oblique crunch, forward lunge

with band under anterior foot



Healthcare 2021, 9, 1451 5 of 11

The training adherence was monitored by weekly individual consultancy with a
certified sport scientist. It was based on the proper exercise technique correction and the
verification as concern the compilation of a daily diary about home-training (training date,
duration of the entire session and rating of perceived exertion RPE, CR-10 scale).

2.5. Ethical Considerations

The study was approved by the Ethics Review Committee of the IRCCS Istituto
Auxologico Italiano, Italy. All subjects provided written, voluntary, informed consent
before participating and the experiment was conducted in according to the Declaration of
Helsinki. This randomized controlled trial was compliant to all TIDieR checklist [34].

2.6. Statistical Analysis

All statistical analyses were performed using the Statistical Package for Social Sciences
IBM™ SPSS™ Statistics (version 21.0, IBM Corp., Somers, Chicago, IL, USA).

All data are presented as mean ± standard deviation (SD). The dataset was tested
for normal distribution using Shapiro–Wilk’s normality test. Sample-size calculation was
established on power analysis (α = 0.05, β = 0.72, effect size = 0.77) on the basis of a
previous study examining the effects of a movement quality training on normal-weight
individuals [20].

A mixed two-way repeated measures analysis of variance (ANOVA) was used to
determine the interactions between the two independent variables (pre/post treatment)
and group (MQ and CT group) on both functional and obesity parameters. Partial eta
squared (Part η2) effect size was used to estimate the magnitude of the difference within
each group and a threshold for small, moderate and large effects were defined as 0.01, 0.06
and 0.14, respectively [35]. To examine differences in each single task of the FMS parameter,
due to the rank-order nature of the data, a Mann–Whitney U test was used. To detect
if changes are clinically meaningful, the Minimal Clinical Important Difference (MCID)
value was obtained by multiplying the standard deviation of the baseline scores by 0.2 (i.e.,
MCID = 0.2 × SD) [36]. An alpha value of p < 0.05 was set as criterion level of significance.

3. Results

A total of 100 patients were assessed for eligibility and were allocated either to the
MQ group or to the CT intervention. Twenty-five of the eligible patients (25%) did not
meet the inclusion criteria and were excluded. Eleven eligible participants dropped out
(15%), and the final sample comprised sixty-four patients who were used for statistical
analysis. No adverse situations were reported during the study period.

At the baseline, both groups presented non-significant differences (p > 0.05) in func-
tional parameters and in mean age, sex, body mass and FM % (Table 2). The effect of
training intervention programs on functional, clinical and body compositional parameters
are presented in Figures 1 and 2.

Table 2. Baseline characteristics highlighted by MQ and CT groups.

Characteristics MQ CT

Age (years) 50.5 ± 10.4 50.4 ± 10.7
Sex (Male/Female) 6/26 5/27

Weight (kg) 100.6 ± 12.3 99.0 ± 14.9
BMI (kg/m2) 37.3 ± 4.0 37.7 ± 4.2
Fat mass (%) 37.3 ± 4.0 37.3 ± 4.0
IPAQ (METS) 552 ± 810 566 ± 1094

Functional Movement ScreenTM (a.u.) 5.3 ± 1.4 5.8 ± 1.4
Modified Balance Error Scoring System (a.u.) 11.6 ± 3.7 12.9 ± 4.6

Total Faulty Breathing Scale (a.u.) 6.4 ± 1.4 5.6 ± 1.6
Handgrip Strength Test (kg) 23.9 ± 8.3 22.8 ± 5.5
Five repetition sit-to-stand 9.4 ± 2.2 8.4 ± 2.4
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As concerns the FMS Composite Score a significant interaction was found (F1,26 = 259.93,
p = 0.000016, part η2 = 0.80) (Figure 1A). In addition, a significant main effect of time (pre-to-
post) (F1,26 = 259.9, p < 0.0001, part η2 = 0.80) was detected, but no main effect of group
(F1,26 = 0.276, p = 0.602) was found. It should be noted that for both groups the effect size
(MQ d = 2.2; CT d = 1.1) was superior compared to the MCID value of 0.3. As regards
each FMS single task, it is possible to appreciate a significant difference in the Hurdle Step
(p value = 0.0036) and in the Active Straight Leg Raise tasks (p value = 0,0003) in favor of
MQ compared to the CT group.

In M-BESS, the total score showed a significant interaction (F1,26 =17.05, p = 0.000110)
(Figure 1B) with a significant main effect of time (F1,26 = 196.41, p < 0.0001, part η2 = 0.76),
and main effect of group (F1,26 = 5.58, p = 0.021). It should be pointed out that the MQ
group effect size (d = 1.2) was clinically meaningful compared to the related MCID (0.7).

The Total Faulty Breathing Scale composite score revealed a significant interaction
(F1,26 = 201.30, p = 0.00002, part η2 = 0.26) with a main effect of time (F1,26 = 201.37,
p < 0.0001, part η2 = 0.76) (Figure 1C), without a significant main effect of group (F1,26 = 0.08,
p = 0.77). Both groups highlighted that their effect size (MQ d = 2.3; CT d = 0.8) were
superior compared to the MCID value of 0.3.

Finally, both HST and FRSTS did not reveal any significant interactions (F1,26 = 2.01,
p = 0.161; F1,26 = 0.76, p = 0.385) (Figure 1D,E). Conversely, only a significant main effect
of time in HST (F1,26 = 212.7, p < 0.0001, part η2 = 0.70) and in FRSTS (F1,26 = 98.05,
p < 0.0001, part η2 = 0.61) were observed, with no main effect of group (p > 0.05).

Lastly, Body Mass Index, Waist Circumference, and fat mass percentage did not
highlight any significant interaction or main effect of group (p > 0.05), revealing only a
significant main effect for time (“WC” F1,26 = 156.78, p < 0.0001, part η2 = 0.72; “BMI”
F1,26 = 128.73, p < 0.0001, part η2 = 0.67; “FM%” F1,26 = 14.78, p < 0.0001, part η2 = 0.19)
(Figure 2A–C).

4. Discussion

The present study aimed to investigate the effectiveness in obese individuals of a
6-week home-based on movement quality training compared with a conventional training
stimuli on functional movement performance, breathing pattern, muscular strength and
body composition. The main findings were that the MQ group performed significantly
better than the CT in the FMS, M-BESS and TFBS tests after the training period. Inter-
estingly, MQ and CT responded similarly to training in strength-related variables and
anthropometric parameters.

As concern functional parameters, we observed in MQ a significant improvement
FMSTM composite score exhibiting a better movement efficiency compared to CT. Specif-
ically, this amelioration may have been provided by the nature of the training program
itself. In fact, the MQ training protocol was designed on the interplay that is a key factor
to enhance functional movement competency [37]. According to this, ample evidence
demonstrates a significant association between functional performance and the Body Mass
Index in both adults and children [9,10]. Nevertheless, despite the excess body weight
that affects mobility and stability [38], a specific training intervention that emphasizes
self-awareness may be a suitable approach in treating obesity [39]. Our results are in line
with those depicted by Bennett et al. (2019), but it should be mentioned that our MQ group
recorded a remarkable increase of 2.8 points (53%) compared to only 1.7 (13%) as observed
in Bennett’s movement quality training group [20].

Regarding the M-BESS results, our data are in line with the findings reported in nor-
mative studies [24] observing, at baseline, a poor postural control. After the intervention
period in our MQ group there was a significant increase in body balance exhibiting a
broadly normal score in respect to the CT group whose score remained poor. The concomi-
tant reduction in body weight and the increased synergy in postural control systems (i.e.,
visual, vestibular, somatosensory) promoted by MQ exercises may have been beneficial in
the movement quality training group over time. An excessive body weight may alter the
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center of mass displacement [13] with a concomitant reduction in medio-lateral stability [6]
imposing new biomechanical adaptations to maintain the balance [7]. Our results led us
to speculate about the importance of including a component of balance exercises during
obesity-rehabilitation interventions to cope with the negative consequences of an excess of
body weight on postural control.

For what concerns the breathing-pattern efficiency, the TFBS results recorded in the
MQ group showed a significant change pre-to-post condition, passing from a moderate to
a mild breathing pattern dysfunction. On the contrary, the CT group denoted a moderate
dysfunction throughout the entire intervention period. In light of this, many lines of
evidence support the notion that obesity may have a negative impact on ribcage motion
due to fat accumulation in the thoraco-abdominal compartments [40,41]. Presumably, both
the reduction in body weight and the specific nature of MQ exercises could have displayed
a valuable role in ameliorating the rib-cage expansion.

Moreover, muscular strength showed a significant amelioration during the interven-
tion period in both groups. In light of this, Hills et al. (2002) provide direct evidence
that obese individuals who showed reduced strength values might have a reduced motor
function that could limit everyday-life activities [42]. In our sample, the HST strength
values were quite lower than normative data reported by Massy-Westropp et al. [43]. In
any case, both interventions were designed to improve neuromuscular efficiency and, from
a speculative point of view, it should be pointed out that the peculiarity of the MQ program
was to reinforce whole-body movement patterns in a more functional way. This modality
may have gained similar strength ameliorations as the conventional training program. As
regards lower-body strength, our baseline FRSTS values were similar to those reported by
Hergenroeder et al. (2011) [44]. The reduction in chair rising time obtained in the MQ and
CT groups after the intervention period may reflect an augmented lower-body functional
capacity. In fact, an increased lower-body strength, provided by both training regimens,
might have been fundamental in ameliorating the sit-to-stand performance. Nevertheless,
the results reported in the current study are consistent with those of previous studies on
normal-weight individuals displaying improvements in limb strength following a training
program focused on quality of movement [20,21].

Regarding clinical and body compositional parameters, both groups demonstrated
significant pre-to-post changes in BMI, Waist Circumference and fat mass percentage with
no differences between groups across any of the measures. A study by Kraemer et al. (1999)
confirmed the effectiveness regarding the combination of physical exercise (i.e., resistance
training) with a controlled dietary regimen in improving weight loss [45]. It is worth noting
that the exercise modality particularly suited for obese individuals (i.e., circuit training)
also might have influenced the final outcomes [46]. From a speculative point of view,
observing body compositional results that had a significant increase over time in both
groups similarly, led us to hypothesize that the body composition amelioration should be
acknowledged mostly by the nutrition treatment and partially derived from the exercise
intervention.

In summary, it should be highlighted that an efficient obesity treatment should be
conducted in a multidisciplinary way [16], in which a movement-quality oriented physical
activity, an individualized nutritional plan and psychologic support are key factors that
would accompany the patient during the entire rehabilitation program. Obviously, we
do not state that our home-based MQ protocol should replace a traditional gym program,
but fitness coaches and practitioners should consider it as a complementary solution to
conventional training when managing patients with obesity.

The present study presents three main limitations that should be acknowledged. First,
the relatively small sample size and the lack of a control group who did not performed
any physical activity intervention makes it difficult to generalize our results to common
people. Second, the heterogeneity in participants’ training level and gender differences
may have contributed to explain any strength or balance adaptations that occurred in
response to training interventions. Third, the exercise equipment used during home
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training (i.e., water bottles, elastic bands, dumbbells), compared with the equipment used
in a gym setting, could have modified the intensity and volume of both resistance training
programs and might have influenced our final outcomes. Finally, the nutritional and the
psychological support provided within the intervention program may have interacted with
the final results. Therefore, a lack of measure of these parameters should be addressed as a
limitation.

Future studies should compare the efficacy of this training mode considering different
variables such as diet and participants’ age, as well as investigate the effects of a home-
based training in the absence of supervision.

5. Conclusions

The current study provides evidence that obese individuals who perform a 6-week
movement quality home-based training could obtain greater improvements in postural
control and breathing-pattern efficiency with similar ameliorations in muscle strength and
body composition, compared to conventional training. Additionally, when treating obesity,
our findings provide theoretical support for the integration of a movement quality training
along with the patient weekly training routine, having the advantage to emphasize motor
control and body awareness while practicing physical activity.
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7. Błaszczyk, J.W.; Cieślinska-Swider, J.; Plewa, M.; Zahorska-Markiewicz, B.; Markiewicz, A. Effects of Excessive Body Weight on

Postural Control. J. Biomech. 2009, 42, 1295–1300. [CrossRef] [PubMed]
8. Gilleard, W.; Smith, T. Effect of Obesity on Posture and Hip Joint Moments during a Standing Task, and Trunk Forward Flexion

Motion. Int. J. Obes (Lond.) 2007, 31, 267–271. [CrossRef]
9. Molina-Garcia, P.; H Migueles, J.; Cadenas-Sanchez, C.; Esteban-Cornejo, I.; Mora-Gonzalez, J.; Rodriguez-Ayllon, M.; Plaza-

Florido, A.; Molina-Molina, A.; Garcia-Delgado, G.; D’Hondt, E.; et al. Fatness and Fitness in Relation to Functional Movement
Quality in Overweight and Obese Children. J. Sports Sci. 2019, 37, 878–885. [CrossRef]

10. Duncan, M.J.; Stanley, M.; Leddington Wright, S. The Association between Functional Movement and Overweight and Obesity in
British Primary School Children. BMC Sports Sci. Med. Rehabil. 2013, 5, 11. [CrossRef]

11. Tomlinson, D.J.; Erskine, R.M.; Morse, C.I.; Winwood, K.; Onambélé-Pearson, G. The Impact of Obesity on Skeletal Muscle
Strength and Structure through Adolescence to Old Age. Biogerontology 2016, 17, 467–483. [CrossRef]

12. Mafort, T.T.; Rufino, R.; Costa, C.H.; Lopes, A.J. Obesity: Systemic and Pulmonary Complications, Biochemical Abnormalities,
and Impairment of Lung Function. Multidiscip. Respir. Med. 2016, 11, 28. [CrossRef] [PubMed]

http://doi.org/10.1097/00005768-200106000-00014
http://doi.org/10.1016/j.pcad.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/25459975
http://doi.org/10.1002/oby.21181
http://doi.org/10.1210/jc.2004-0535
http://doi.org/10.1016/S0140-6736(05)67483-1
http://doi.org/10.1007/s13679-012-0018-7
http://doi.org/10.1016/j.jbiomech.2009.03.006
http://www.ncbi.nlm.nih.gov/pubmed/19386313
http://doi.org/10.1038/sj.ijo.0803430
http://doi.org/10.1080/02640414.2018.1532152
http://doi.org/10.1186/2052-1847-5-11
http://doi.org/10.1007/s10522-015-9626-4
http://doi.org/10.1186/s40248-016-0066-z
http://www.ncbi.nlm.nih.gov/pubmed/27408717


Healthcare 2021, 9, 1451 10 of 11

13. Frames, C.W.; Soangra, R.; Lockhart, T.E.; Lach, J.; Ha, D.S.; Roberto, K.A.; Lieberman, A. Dynamical Properties of Postural
Control in Obese Community-Dwelling Older Adults. Sensors 2018, 18, 1692. [CrossRef]

14. Maktouf, W.; Durand, S.; Boyas, S.; Pouliquen, C.; Beaune, B. Combined Effects of Aging and Obesity on Postural Control, Muscle
Activity and Maximal Voluntary Force of Muscles Mobilizing Ankle Joint. J. Biomech. 2018, 79, 198–206. [CrossRef] [PubMed]

15. Wearing, S.C.; Hennig, E.M.; Byrne, N.M.; Steele, J.R.; Hills, A.P. The Biomechanics of Restricted Movement in Adult Obesity.
Obes. Rev. 2006, 7, 13–24. [CrossRef] [PubMed]

16. Gilardini, L.; Cancello, R.; Caffetto, K.; Cottafava, R.; Gironi, I.; Invitti, C. Nutrition Knowledge Is Associated with Greater Weight
Loss in Obese Patients Following a Multidisciplinary Rehabilitaiton Program. Minerva Endocrinol. 2020, 46, 296–302. [CrossRef]

17. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 Guidelines on Physical Activity and Sedentary Behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef] [PubMed]

18. Donnelly, J.E.; Blair, S.N.; Jakicic, J.M.; Manore, M.M.; Rankin, J.W.; Smith, B.K.; American College of Sports Medicine American
College of Sports Medicine Position Stand. Appropriate Physical Activity Intervention Strategies for Weight Loss and Prevention
of Weight Regain for Adults. Med. Sci. Sports Exerc. 2009, 41, 459–471. [CrossRef]

19. Garber, C.E.; Blissmer, B.; Deschenes, M.R.; Franklin, B.A.; Lamonte, M.J.; Lee, I.-M.; Nieman, D.C.; Swain, D.P.; American
College of Sports Medicine American College of Sports Medicine Position Stand. Quantity and Quality of Exercise for Developing
and Maintaining Cardiorespiratory, Musculoskeletal, and Neuromotor Fitness in Apparently Healthy Adults: Guidance for
Prescribing Exercise. Med. Sci. Sports Exerc. 2011, 43, 1334–1359. [CrossRef]

20. Bennett, H.; Arnold, J.; Martin, M.; Norton, K.; Davison, K. A Randomised Controlled Trial of Movement Quality-Focused
Exercise versus Traditional Resistance Exercise for Improving Movement Quality and Physical Performance in Trained Adults. J.
Sports Sci. 2019, 37, 2806–2817. [CrossRef]

21. Frost, D.M.; Beach, T.A.C.; Callaghan, J.P.; McGill, S.M. Exercise-Based Performance Enhancement and Injury Prevention for
Firefighters: Contrasting the Fitness- and Movement-Related Adaptations to Two Training Methodologies. J. Strength Cond. Res.
2015, 29, 2441–2459. [CrossRef] [PubMed]

22. Cook, G.; Burton, L.; Hoogenboom, B.J.; Voight, M. Functional Movement Screening: The Use of Fundamental Movements as an
Assessment of Function—Part 1. Int J. Sports Phys. 2014, 9, 396–409.

23. Cook, G.; Burton, L.; Hoogenboom, B.J.; Voight, M. Functional Movement Screening: The Use of Fundamental Movements as an
Assessment of Function-Part 2. Int. J. Sports Phys. 2014, 9, 549–563.

24. Iverson, G.L.; Koehle, M.S. Normative Data for the Modified Balance Error Scoring System in Adults. Brain Inj. 2013, 27, 596–599.
[CrossRef]

25. Mohan, V.; Perri, M.; Paungmali, A.; Sitilertpisan, P.; Joseph, L.H.; Jathin, R.; Mustafa, M.B.; Mohd Nasir, S.H.B. Intra-Rater and
Inter-Rater Reliability of Total Faulty Breathing Scale Using Visual Observation and Videogrammetry Methods. J. Bodyw. Mov.
2017, 21, 694–698. [CrossRef]

26. Mathiowetz, V.; Kashman, N.; Volland, G.; Weber, K.; Dowe, M.; Rogers, S. Grip and Pinch Strength: Normative Data for Adults.
Arch. Phys. Med. Rehabil 1985, 66, 69–74.

27. Hamilton, G.F.; McDonald, C.; Chenier, T.C. Measurement of Grip Strength: Validity and Reliability of the Sphygmomanometer
and Jamar Grip Dynamometer. J. Orthop. Sports Phys. 1992, 16, 215–219. [CrossRef]

28. Bohannon, R.W.; Bubela, D.J.; Magasi, S.R.; Wang, Y.-C.; Gershon, R.C. Sit-to-Stand Test: Performance and Determinants across
the Age-Span. Isokinet Exerc. Sci. 2010, 18, 235–240. [CrossRef]

29. Bohannon, R.W. Test-Retest Reliability of the Five-Repetition Sit-to-Stand Test: A Systematic Review of the Literature Involving
Adults. J. Strength Cond. Res. 2011, 25, 3205–3207. [CrossRef]

30. Cavaggioni, L.; Trecroci, A.; Tosin, M.; Iaia, F.M.; Alberti, G. Individualized Dry-Land Intervention Program for an Elite
Paralympic Swimmer. J. Sports Med. Phys. Fit. 2019, 59, 82–86. [CrossRef]

31. Stenger, L. What is Functional/Neuromotor Fitness? Acsm’s Health Fit. J. 2018, 22, 35–43. [CrossRef]
32. Cavaggioni, L.; Ongaro, L.; Zannin, E.; Iaia, F.M.; Alberti, G. Effects of Different Core Exercises on Respiratory Parameters and

Abdominal Strength. J. Phys. Sci. 2015, 27, 3249–3253. [CrossRef]
33. Kobesova, A.; Kolar, P. Developmental Kinesiology: Three Levels of Motor Control in the Assessment and Treatment of the Motor

System. J. Bodyw. Mov. 2014, 18, 23–33. [CrossRef] [PubMed]
34. Negrini, S. Application of the TIDieR Checklist to Improve Understanding and Replicability of Studies in Physical and Rehabilita-

tion Medicine. Eur. J. Phys. Rehabil. Med. 2015, 51, 667–668. [PubMed]
35. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Routledge: London, UK, 2013; ISBN 978-1-134-74277-6.
36. Samsa, G.; Edelman, D.; Rothman, M.L.; Williams, G.R.; Lipscomb, J.; Matchar, D. Determining Clinically Important Differences

in Health Status Measures: A General Approach with Illustration to the Health Utilities Index Mark II. Pharmacoeconomics 1999,
15, 141–155. [CrossRef]

37. Mills, J.D.; Taunton, J.E.; Mills, W.A. The Effect of a 10-Week Training Regimen on Lumbo-Pelvic Stability and Athletic Performance
in Female Athletes: A Randomized-Controlled Trial. Phys. Ther. Sport 2005, 6, 60–66. [CrossRef]

38. Mitchell, U.H.; Johnson, A.W.; Vehrs, P.R.; Feland, J.B.; Hilton, S.C. Performance on the Functional Movement Screen in Older
Active Adults. J. Sport Health Sci. 2016, 5, 119–125. [CrossRef] [PubMed]

http://doi.org/10.3390/s18061692
http://doi.org/10.1016/j.jbiomech.2018.08.017
http://www.ncbi.nlm.nih.gov/pubmed/30205976
http://doi.org/10.1111/j.1467-789X.2006.00215.x
http://www.ncbi.nlm.nih.gov/pubmed/16436099
http://doi.org/10.23736/S0391-1977.20.03212-5
http://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
http://doi.org/10.1249/MSS.0b013e3181949333
http://doi.org/10.1249/MSS.0b013e318213fefb
http://doi.org/10.1080/02640414.2019.1665234
http://doi.org/10.1519/JSC.0000000000000923
http://www.ncbi.nlm.nih.gov/pubmed/25763518
http://doi.org/10.3109/02699052.2013.772237
http://doi.org/10.1016/j.jbmt.2016.10.007
http://doi.org/10.2519/jospt.1992.16.5.215
http://doi.org/10.3233/IES-2010-0389
http://doi.org/10.1519/JSC.0b013e318234e59f
http://doi.org/10.23736/S0022-4707.18.08242-7
http://doi.org/10.1249/FIT.0000000000000439
http://doi.org/10.1589/jpts.27.3249
http://doi.org/10.1016/j.jbmt.2013.04.002
http://www.ncbi.nlm.nih.gov/pubmed/24411146
http://www.ncbi.nlm.nih.gov/pubmed/26782678
http://doi.org/10.2165/00019053-199915020-00003
http://doi.org/10.1016/j.ptsp.2005.02.006
http://doi.org/10.1016/j.jshs.2015.04.006
http://www.ncbi.nlm.nih.gov/pubmed/30356515


Healthcare 2021, 9, 1451 11 of 11

39. Mehling, W.E.; Gopisetty, V.; Daubenmier, J.; Price, C.J.; Hecht, F.M.; Stewart, A. Body Awareness: Construct and Self-Report
Measures. PLoS ONE 2009, 4, e5614. [CrossRef]

40. Behazin, N.; Jones, S.B.; Cohen, R.I.; Loring, S.H. Respiratory Restriction and Elevated Pleural and Esophageal Pressures in
Morbid Obesity. J. Appl. Physiol. 2010, 108, 212–218. [CrossRef]

41. Sugerman, H.; Windsor, A.; Bessos, M.; Wolfe, L. Intra-Abdominal Pressure, Sagittal Abdominal Diameter and Obesity Comor-
bidity. J. Intern. Med. 1997, 241, 71–79. [CrossRef]

42. Hills, A.P.; Hennig, E.M.; Byrne, N.M.; Steele, J.R. The Biomechanics of Adiposity–Structural and Functional Limitations of
Obesity and Implications for Movement. Obes. Rev. 2002, 3, 35–43. [CrossRef]

43. Massy-Westropp, N.M.; Gill, T.K.; Taylor, A.W.; Bohannon, R.W.; Hill, C.L. Hand Grip Strength: Age and Gender Stratified
Normative Data in a Population-Based Study. BMC Res. Notes 2011, 4, 127. [CrossRef] [PubMed]

44. Hergenroeder, A.L.; Brach, J.S.; Otto, A.D.; Sparto, P.J.; Jakicic, J.M. The Influence of Body Mass Index on Self-Report and
Performance-Based Measures of Physical Function in Adult Women. Cardiopulm. Phys. J. 2011, 22, 11–20. [CrossRef]

45. Kraemer, W.J.; Volek, J.S.; Clark, K.L.; Gordon, S.E.; Puhl, S.M.; Koziris, L.P.; McBride, J.M.; Triplett-McBride, N.T.; Putukian, M.;
Newton, R.U.; et al. Influence of Exercise Training on Physiological and Performance Changes with Weight Loss in Men. Med. Sci.
Sports Exerc. 1999, 31, 1320–1329. [CrossRef]

46. Seo, Y.-G.; Noh, H.-M.; Kim, S.Y. Weight Loss Effects of Circuit Training Interventions: A Systematic Review and Meta-Analysis.
Obes. Rev. 2019, 20, 1642–1650. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0005614
http://doi.org/10.1152/japplphysiol.91356.2008
http://doi.org/10.1046/j.1365-2796.1997.89104000.x
http://doi.org/10.1046/j.1467-789X.2002.00054.x
http://doi.org/10.1186/1756-0500-4-127
http://www.ncbi.nlm.nih.gov/pubmed/21492469
http://doi.org/10.1097/01823246-201122030-00004
http://doi.org/10.1097/00005768-199909000-00014
http://doi.org/10.1111/obr.12911
http://www.ncbi.nlm.nih.gov/pubmed/31322317

	Introduction 
	Materials and Methods 
	Participants 
	Multidisciplinary Lifestyle Program 
	Procedures 
	Training Intervention 
	Ethical Considerations 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

