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Foreword

It gives me great pleasure to write the foreword to this book on Rehabilitation 
Interventions in the Patient with Obesity, edited by Dr. Paolo Capodaglio. It is a 
very important book because it contributes to the field of obesity, presenting 
evidence-based rehabilitation protocols to rehabilitation professionals, as well as 
giving guidelines for effectively overcoming the difficult phase of obesity 
rehabilitation.

Also, it provides to the field of obesity management the dimension of Physical 
and Rehabilitation Medicine, necessary for tailoring individual multidisciplinary 
rehabilitation plans.

I would like to congratulate all the well-known (European and non-European) 
PRM physicians and other health professionals, who have contributed several chap-
ters to this unique book on obesity rehabilitation. I would also like to extend my 
congratulations to the editorial team for their contribution to this educative book.

As President of the European Society of PRM, I encourage all the PRM physi-
cians in Europe to use this very important resource in their daily practice, improving 
the therapeutic results of their work in obesity rehabilitation for the benefit of their 
patients.

Nicolas Christodoulou
European Society of Physical and Rehabilitation Medicine 

Nicosia, Cyprus



ix

Preface

While the age old advice to just “eat less and move more” is well known and often 
repeated to people living with obesity, the science of physical activity and its role in 
weight regulation and rehabilitation is still rather underdeveloped and often misun-
derstood. Thus, it is commendable that this volume brings together a stellar group 
of experts in the field, to discuss the current knowledge and knowledge gaps around 
the specific requirements and recommendations related to physical activity and 
rehabilitation for people living with obesity. The book covers a range of topics from 
the role of aerobic and strength training to the use of virtual reality and post-surgical 
rehabilitation to improve the health and well-being of people living with obesity. 
Thus, these pages should be of considerable interest to all researchers and health 
professionals working in the field of obesity medicine and bariatric care.

Walter Frontera
International Society of Physical and  

Rehabilitation Medicine 
San Juan, Puerto Rico
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Introduction

Obesity is a global health crisis with detrimental effects on all organ systems lead-
ing to poor health status, rising health costs and disability. A significant twist may 
occur in the fight scenario against complicated obesity in the near future: the mas-
sive gap between lifestyle interventions and bariatric surgery could be bridged by 
newly released drugs. They provide hope for increasing the medicinal armoire 
against obesity with more effective treatment strategies. However, the present rates 
of the condition worldwide call for the immediate action of all of the health profes-
sionals involved. Those at the forefront and called upon to face the disabling func-
tional consequences of comorbid obesity are physiotherapists, physical activity 
experts and physical medicine and rehabilitation physicians.

Decreased effort tolerance and respiratory capacity, pain and impaired function, 
reduced strength and balance, and increased risk of falling can per se lead to dis-
ability. Associated comorbidities can tip the balance of independence in patients 
who already have functional limitations or develop conditions (diabetes, cardiovas-
cular conditions, nonalcoholic fatty liver disease, skin conditions, sarcopenia, sleep 
apnoea) where an abnormal metabolism of adipose tissue prevails. Nonetheless, the 
impact of obesity on individual capacities and rehabilitative outcomes is often 
neglected by physiotherapists and physical trainers alike. Rehabilitation units with 
optimal standards of care for normal-weight patients are often structurally, organi-
zationally and technologically inadequate for patients with severe obesity. The 
number of disabled subjects who are also obese is now increasing worldwide, as is 
the rate of obese patients admitted to post-acute rehabilitation units. They require 
careful comprehensive assessment, appropriate therapeutic and rehabilitative proto-
cols carried out by specially trained physiotherapists and physical activity experts in 
an ergonomically sound and safe environment.

This book has a unique focus on the physiotherapy techniques and training meth-
ods that are ideally suited to the patient with obesity. The aim of the present volume 
is to provide rehabilitation specialists an up-to-date practical guide to evidence-
based exercise and rehabilitation protocols for patients with obesity with either 
post-acute or chronic disabling conditions. With this volume, we intend to fill the 
gap rehabilitation professionals may feel when treating patients with obesity, pro-
viding them with support while venturing out of the comfort zone of treating lean 
patients. With their multidisciplinary backgrounds, the volume’s authors illustrate 
why multidisciplinarity is indeed the key approach. Two chapters review the 



xiv

existing physiological evidence on the effectiveness of strength and aerobic training 
modalities. The most recent adapted physical therapies—such as whole-body cryo-
therapy, whole-body vibration and repetitive transcranial magnetic stimulation—or 
rehabilitation strategies—such as motor control exercises, aquatic exercises, bal-
ance exercises, virtual reality, lymphatic drainage and mobile technologies—which 
have shown results, in some cases only preliminary, in patients with obesity are 
reviewed in other chapters by experts in the respective field. The relationship 
between nutrition and exercise, crucial to counteract obesity-related sarcopenia, and 
the clinical red flags in the post-acute neurological and orthopaedic patient with 
obesity are also discussed to promote a multidisciplinary and holistic approach.

Paolo Capodaglio
Istituto Auxologico Italiano 
Piancavallo, Verbania, Italy

Introduction
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1Physical Activity and Endurance Training 
Modalities: Evidences and Perspectives

Davide Malatesta, Paolo Fanari, Alberto Salvadori, 
and Stefano Lanzi

Obesity has been recognized as one of the most important growing problems in 
our society, and its prevention and treatment are a public health priority [1]. 
Obesity is a manifestation of positive energy balance over an extended period 
of time: the daily energy intake is higher than the daily energy expenditure. 

Key Points
•	 Daily physical activity and endurance training are crucially important for 

improving aerobic and metabolic fitness and health levels in individuals 
with obesity.

•	 Continuous moderate- and high-intensity exercise training are two com-
plementary, rather than exclusive, training tools.

•	 Innovative training modalities as normobaric hypoxic training and nonin-
vasive ventilation may be promising and useful training methodologies.

•	 Promotion of daily physical activity in any forms and accumulated in a 
minimum of 10-min bouts during the day should be encouraged rather than 
focusing solely on structured endurance exercise training.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32274-8_1&domain=pdf
mailto:davide.malatesta@unil.ch
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This is due to an increase in food energy supply, essentially due to an increase 
and simple food access [2], associated with an increase in sedentary activities 
and a decrease in physical activities, related to a reduction in movement at 
work, an increase in domestic mechanization of daily tasks, and an increase in 
passive transportation [3]. A global prevalence of insufficient physical activity 
of 27.5% has recently been reported in the world’s population [3]. Although, 
based on this evidence, it seems intuitive that the rise of obesity prevalence in 
the world is attributable to decreased energy expenditure due to insufficient 
physical activity level. This relationship is not often confirmed and supported 
by scientific evidence in the literature. In fact, the energy balance is a complex 
and dynamic process and the physical activity influences different factors, 
which interact with each other and modify the energy balance independently of 
the energy expenditure spent during the physical activity [4]. Moreover, some 
recent meta-analyses reported that the impact of physical activity on weight 
loss is marginal with 0–2 kg of weight loss for aerobic/endurance exercise and 
it can be increased to 10 kg when the endurance training is combined with low-
caloric restriction (1000–1500  kcal/day) [5–8] (Table  1.1). Therefore, as 
reported in the new physical activity recommendations of American College of 
Sports Medicine [5], to increase the effect of the physical activity on weight 
loss it seems important to increase the duration (volume) of physical activities 
performed at moderate-to-vigorous intensity from 150 min, for improving or 
maintaining health, to 300–400 min per week for promoting clinically signifi-
cant weight loss [5, 7] (Table 1.2). However, independently of weight loss, the 
pivotal role of physical activity in the prevention and treatment of obesity is its 
well-known effect on the improvement of cardiorespiratory (aerobic) and met-
abolic fitness and health, decreasing the chronic disease and mortality risks 
associated with obesity [9, 10].

Table 1.1  Weight loss and clinically significant weight loss for the different training modalities 
(modified from Swift et al. [7])

Training modality Weight loss (kg) Clinically significant weight loss
Pedometer-based step goal 0–1 Unlikely
Endurance training 0–2 Possible, but only with extremely high 

exercise volume
Caloric restriction combined 
with endurance training

Range −9 to −13 Possible

Table 1.2  Recommendations for weekly physical activity duration according to the American 
College of Sports Medicine (ACSM [5]; Swift et al. [7])

• � Maintaining and improving health 150 min
• � Prevention of weight gain 150–250 min
• � Promote clinically significant weight loss 225–420 min
• � Prevention of weight gain after weight loss 200–300 min

D. Malatesta et al.
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1.1	 �Definition and Classification of Physical Activity

Physical activity is defined as “any bodily movement produced by skeletal muscles 
that results in energy expenditure” [11]. Physical activity can be classified across 
four domains, which can be grouped in two main categories. First is the daily physi-
cal activity: (1) physical activity to work, (2) physical activity in the household, and 
(3) physical activity for transport. Second is the physical activity during leisure time 
(i.e., sports and active recreation) also defined as “exercise” in the scientific litera-
ture and related to all structured and supervised training programs by physical train-
ers or clinical exercise physiologists or specialists in adapted physical activities. 
These two types of physical activity should be considered and used in weight man-
agement programs aiming to prevent and treat obesity.

1.2	 �Daily Physical Activity

Some authors have recently reported that the duration of the moderate-to-vigorous 
physical activity (MVPA) should exceed 10 min per bout to accumulate more time 
spent in “bouted MVPA” in order to reduce the risk of incident obesity [12]. For each 
10-min increase in “bouted MVPA,” the risk of obesity is reduced by 21%. On the 
contrary, this decreased obesity risk was not associated in accumulated time spent per 
day in “bouted MVPA” of less than 10-min duration [12]. These recent findings sup-
port the pivotal role of the accumulation and repetition of minimum 10-min MVPA 
bouts during the day. However, the posture time allocation of daily physical activity is 
different in obese than in lean sedentary individuals [13]. The former spends less time 
standing/ambulating (−152 min) and more time sitting (+164 min) than their lean 
counterparts. This induced a lower daily total energy expenditure (−350 kcal/day) in 
obese compared with lean individuals. Moreover, this different posture time allocation 
did not change when obese individuals lost weight or when lean individuals gained 
weight [13] highlighting the difficulty to change the daily physical activity behavior 
in obese or sedentary people. For this reason, it is important to develop strategies to 
increase the energy expenditure associated with daily physical activity without chang-
ing its posture time allocation. The use of commercially available unstable shoes, 
increasing the energy expenditure of standing and walking by 5–7% when compared 
with conventional shoes [14], may be a valuable solution to increase the non-exercise 
activity thermogenesis (NEAT, [15]). This could be complementary to the promotion 
of daily physical activity in any forms and accumulated in a minimum of 10-min 
bouts during the day that should be encouraged using and promoting options for the 
environments in which individuals may elect to engage in physical activity.

1.3	 �Endurance Training Modalities

Several studies have investigated different exercise training programs with different 
modalities, frequencies, intensities (moderate or high), and durations to evaluate the 

1  Physical Activity and Endurance Training Modalities: Evidences and Perspectives
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optimal dose-response relationship between endurance exercise training and health-
related outcomes in overweight/obese individuals.

1.3.1	 �Moderate-Intensity Exercise Training

Continuous moderate exercise training (CMT) normally corresponds to 46–63% of 
the maximal oxygen uptake ( VO2max ) (or 64–76% of the maximal heart rate (HRmax)) 
(Table 1.3) [16]. CMT was initially adopted in sedentary and overweight/obese indi-
viduals because it is safe, feasible, and well tolerated. Moreover, because this train-
ing modality increases the reliance on fat oxidation rates during exercise, it was 
logically prescribed to this population.

Although previous observations reported successful weight and fat mass loss 
following CMT (without energy restriction) in sedentary overweight and obese 
men and women [17], others investigations found no significant changes across 
different CMT durations (i.e., 50%, 100%, 150% of public health recommenda-
tion) [18]. These findings suggest that exercise training is not necessarily accom-
panied by changes in body weight and/or fat mass in this population. This may 
be explained by compensatory mechanisms (physiological and behavioral) 
occurring during an exercise program [19]. Recently, Flack et al. [20] showed 
that similar energy compensation occurred following two moderate exercise 
training programs with distinct energy expenditures (1500 vs. 3000 kcal/week). 
Interestingly, percentage and kg of body fat decreased significantly only in the 
3000 kcal/week group. These results suggest that compensatory responses are 
not proportional to exercise energy expenditure and that greater exercise volume 
may therefore overcome compensatory behavior limiting exercise-induced nega-
tive energy balance [20].

Concerning the effect of this type of training on aerobic and metabolic fitness 
and health in individuals with obesity, it has been shown that 8-week CMT at 
65–70% VO2max  may be effective to increase fat oxidation, which may, at least 
in part, provide a mechanism for the enhanced insulin sensitivity in obese indi-
viduals [21]. Indeed, the authors showed that the oxidative capacity increased 
after intervention, leading to an increased rate of mitochondrial fat oxidation 
[21]. This phenomenon was associated with a significant reduction of lipid inter-
mediates, which was inversely correlated with glucose tolerance [21]. Finally, an 
increased VO2max  has also been found after intervention. Consistent with these 
results, other studies [22, 23] have also shown that 16-week CMT at 60–70% 
HRmax may increase VO2max  and insulin sensitivity in overweight/obese individu-
als and that the best predictor of improved insulin sensitivity is the increase in fat 
oxidation [22]. In contrast, it has also been indicated that the impact of muscle 
oxidative capacity and lipid oxidation on the regulation of insulin sensitivity 
remains controversial [24], suggesting that other mechanisms (such as the exces-
sive plasma non-esterified fatty acid (NEFA) levels [25, 26] or flux [27]) are 
likely involved.

D. Malatesta et al.
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1.3.2	 �Individualized Moderate-Intensity Exercise Training 
(Fatmax Training)

As the balance of substrates might be altered during exercise in metabolic diseases, 
it seems judicious to individualize the exercise training to consider the individual 
metabolic profile [28]. During submaximal incremental exercise, whole-body fat 
oxidation rates (calculated applying the classical stoichiometric equations of indi-
rect calorimetry [29]) increase from low to moderate and decrease from moderate to 
high exercise intensities [28, 30–32], implying that exercise intensity (Fatmax) elicits 
maximal fat oxidation (MFO) [33]. Thus, a moderate exercise training program 
targeted at individualized Fatmax appears to be a good candidate [28, 34, 35]. In 
obese individuals, the training intensity that elicits MFO normally corresponds to 
~45–50% VO2max  (60–65% HRmax) [36–39] (Table 1.3).

Bordenave et al. [40] showed no significant decrease in body mass (BM), body 
mass index (BMI), fasting plasma glucose, and insulin concentrations after a 
10-week program of individualized Fatmax training in diabetic patients. However, 
these authors found a significant increase in Fatmax and MFO and a greater reliance 
to fat oxidation during exercise after intervention, which was related to an increase 
in muscle oxidative capacity [40]. The effects of individualized Fatmax training were 
also tested in overweight/obese adults. Consistent with previous studies, this train-
ing modality increases Fatmax, MFO, and the reliance on fat oxidation during exer-
cise [41, 42] concomitant with changes in insulin sensitivity after 8 weeks of training 
[41]. However, resting plasma glucose and insulin concentrations, as well as lipid 
profile variables (total cholesterol (TC), triglycerides (TG), low-density lipoprotein 
(LDL), high-density lipoprotein (HDL)), were unchanged after intervention [41, 
42]. In addition, it also has been recently shown that a shorter 4-week program of 
individualized Fatmax training may increase fat oxidation rates during exercise and 
insulin sensitivity in overweight/obese men [39].

1.3.3	 �High-Intensity Exercise Training

It is now well known that many people do not meet the minimum physical activity 
recommendations [3]. It seems that “lack of time” is one of the most commonly 
barriers to fail to achieve this goal. Therefore, it is of importance to develop more 
time-efficient training programs with regard to improving exercise training adher-
ence. A good candidate to achieve this goal might be high-intensity interval training 
(HIIT). Indeed, although it has been suggested that this training modality may not 
be feasible and is associated with a low level of adherence in overweight/obese 
individuals [43], it has now been well established that HIIT rapidly induces adapta-
tions that are linked to improved health-related outcomes in sedentary and over-
weight/obese individuals [44–46]. Moreover, this training intensity is perceived to 
be more enjoyable than CMT in obese individuals [47]. High-intensity exercise 
normally corresponds to 64–90% VO2max  (or 77–95% HRmax) [16] (Table 1.3). HIIT 
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is composed of brief bursts of vigorous intensity interspersed with periods of rest or 
low-intensity exercise [45].

Because there are many factors (intensity, duration, and number of intervals and 
duration and nature of the recovery) that may describe this form of training, a HIIT 
classification based on the literature is needed. The HIIT mainly used in obese indi-
viduals, the aerobic HIIT, may be divided into two categories. First is short aerobic 
HIIT [48–50], which consists of 8–12 repetitions of 60 s at 85–95% HRmax inter-
spersed with 60 s of recovery or low intensity. Second is long aerobic HIIT [51–54], 
which consists of four repetitions of 4 min at ~90% HRmax followed by 3 min of 
recovery. Additionally, another HIIT model intervention is the Wingate-based HIIT 
(or sprint interval training (SIT)), which consists of 4–6 repetitions of 30 s of “all 
out” cycling effort against a supramaximal workload interspersed with 4–5 min of 
rest [45]. However, although SIT (8–30 s of “all out”) has been performed in indi-
viduals with metabolic diseases [47, 55–60], this type of HIIT may be unsuitable for 
some individuals. This highlights the importance of alternative HIIT strategies to 
adopt this training in clinical settings [45, 46, 48, 49, 52, 53, 61].

It was previously demonstrated that only 2 [60] or 4 [58] weeks of SIT (3 days/
week; protocol involved ~35 min/session with only 2–3 min of exercise) was a suffi-
cient stimulus to increase VO2max  in overweight/obese men [60] and in obese women 
[58]. However, less evidence has been found with regard to the effect of SIT on 
increased insulin sensitivity in obese individuals [62]. Whyte et al. [60] demonstrated 
an increase in insulin sensitivity after 24  h, but not after 72  h, after a 2-week 
SIT. Similarly, resting fat oxidation also increased only after 24 h but not after 72 h 
[60]. In addition, there were no differences in plasma NEFA concentrations or other 
lipid profile variables (e.g., TC, TG, HDL) after the intervention [60]. Recent investi-
gations also showed no significant changes in insulin sensitivity after longer SIT train-
ing program (i.e., 12 weeks) [55]. In contrast, short aerobic HIIT (10 × 60 s at ~90% 
HRmax interspersed with 60 s of recovery for 3 days/week for 2 week) has been shown 
to simultaneously increase the oxidative capacity of muscle and insulin sensitivity in 
sedentary overweight/obese individuals [48] and improve 24-h blood glucose control 
in overweight/obese diabetic subjects [49]. Finally, it has previously been shown that 
a single exercise bout consisting of 4 min performed at 90% HRmax may increase 
VO2max  and reduce blood pressure and fasting glucose to a similar extent as 4 × 4 min 

performed at 90% HRmax for 10 weeks (3 times/week) in overweight individuals [63].

1.3.4	 �Comparison Between Moderate- and High-Intensity 
Exercise Training

Although both moderate- and high-intensity exercise training have been shown to 
improve health-related outcomes, to determine which training intensity is associ-
ated with additional risk reduction and well-being in clinical population, it is now 
imperative to compare these two training modalities. Despite the large amount of 
experimental studies, inconclusive and inconsistent results exist on the superiority, 
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or not, of HIIT compared to CMT in individuals with obesity. It is important to note 
that energy expenditure has not always been matched among training groups, lead-
ing to difficulty interpreting the results.

Previous studies have initially compared the effects of different intensities at 
which CMT was performed in individuals with obesity. Van Aggel-Leijssen et al. 
[64] have shown that low-to-moderate exercise training (40% VO2max  for 57 min) 
for 12 weeks increases total fat oxidation during moderate-intensity exercise com-
pared to moderate-to-high exercise training at 70% VO2max  (33  min duration, 
matched for energy expenditure) in overweight/obese individuals. This result was 
due to an increase in intramuscular triglyceride oxidation after intervention, which 
indicated that low-to-moderate exercise training might be an effective strategy to 
improve fat oxidation during exercise in this population. However, VO2max  was 
significantly increased in both groups after intervention (+11% and +15%, respec-
tively). In addition, Salvadori et al. [65, 66] have recently shown that CMT (30 min 
at ventilatory threshold, ~70% HRmax) for 4 weeks increases insulin sensitivity, 
decreases β-cell function, and decreases plasma NEFA concentrations at rest and 
during exercise compared to a mixed exercise training program composed of 25 min 
at ventilatory threshold (~70% HRmax) followed by 5 min at 85% HRmax (intensity 
higher than ventilatory threshold) in severely obese individuals. However, this 
mixed exercise program promoted a higher fat mass loss associated with an increase 
in post-training plasma NEFA concentrations at rest and during exercise when com-
pared to CMT alone. This phenomenon, probably driven by an increased flow of 
some lipolytic substances as growth hormone (GH), catecholamines, and others, 
may be linked to an excessive mobilization of NEFA from body fat without an 
equally concomitant NEFA utilization [65]. Although these two short training pro-
grams were not matched for energy expenditure (i.e., higher energy expenditure 
during mixed exercise training program) and both did not lead to significant changes 
in VO2max  after intervention, these findings may suggest that mixed exercise pro-
gram with the final 5-min bout above the ventilatory threshold may be recom-
mended to induce a larger fat mass loss in the initial training period [65, 66].

More recently, several studies have compared the effects of CMT versus HIIT on 
the aerobic and metabolic fitness and health in obese individuals. In a recent meta-
analysis which includes experimental studies ≥4-week intervention, it has been 
shown that the improvements in aerobic fitness are similar after CMT or HIIT in 
obese individuals [67]. Interestingly, in a subgroup analysis, which differentiates 
the interval bout duration (i.e., ≥2 min or <2 min), the results showed that only HIIT 
performed with bouts of ≥2-min duration had greater effectiveness than CMT on 
improving aerobic fitness [67], highlighting the importance of the interval duration 
during HIIT with regard to increase in the cardiorespiratory fitness in this popula-
tion. This is in line with recent observations showing that only 4 × 4 min performed 
at 90% HRmax for 6 weeks significantly improved VO2max  compared to 10 × 60 s at 
VO2max  load or CMT in overweight/obese adults [68]. In addition, it is also interest-

ing to note that greater improvements in aerobic fitness after HIIT were found when 
the energy expenditure was similar to that of CMT [67].

Concerning glucose metabolism, this meta-analysis showed that there was no 
significant difference in improving fasting glucose and insulin levels, but also 
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highlighted that the majority of the included individuals were adults without meta-
bolic diseases [67]. Indeed, Tjonna et al. [52], when comparing CMT and long aero-
bic HIIT (16-week duration), showed that insulin sensitivity increased more after a 
long aerobic HIIT compared to a CMT intervention in individuals with metabolic 
syndrome. Moreover, peroxisome proliferator-activated receptor gamma coactiva-
tor 1-alpha (PGC-1α) levels increased only after long aerobic HIIT, suggesting a 
potential increase in mitochondrial biogenesis only after HIIT program.

Results from this meta-analysis also showed that both HIIT and CMT induce 
significant reduction in TC, but that only HIIT reduces LDL relative to CMT, high-
lighting the importance of HIIT in CV risk reduction and prevention of CV diseases 
[67]. Finally, it has also recently been shown that both CMT and HIIT are effective, 
in a similar extent, in body fat and waist circumference reductions (associated with 
no changes in body weight) in obese individuals [69].

It is interesting to note that recent studies also investigated the effect of very 
short HIIT and CMT training durations (i.e., ≤2 week) in obese individuals. Skleryk 
et al. [57] showed no significant metabolic or skeletal muscle adaptations after only 
2 weeks of reduced-volume SIT (8–12 × 10-s “all out” sprints) or CMT (30 min at 
65% VO2max ) in obese men. Indeed, no significant changes in VO2max , plasma 
NEFA, insulin, glucose and insulin resistance, or protein expression of glucose 
transporter 4 (GLUT-4) were found after intervention. In contrast, Lanzi et al. [70] 
recently showed that 2 weeks of an individualized moderate-intensity continuous 
training (40–50 min at Fatmax) or short aerobic HIIT (10 × 60-s intervals at ~90% 
HRmax interspersed with 60-s recovery) were both effective for the improvement of 
aerobic fitness and fat oxidation rates during exercise in obese men with II and III 
class of obesity. Although there was no significant difference in increased VO2max

, 
HIIT had tendency toward promoting a more marked increase in VO2max  compared 
to Fatmax training (+8% and 4%, respectively). On the other hand, fasting insulin and 
insulin resistance were reduced only after moderate-intensity training at Fatmax, sug-
gesting the importance of exercise duration for improving insulin sensitivity in 
obese individuals [71].

Based on the above reported considerations, different endurance training modali-
ties seem to be effective to improving health-related outcomes in overweight/obese 
individuals. With regard to the necessity of increasing exercise training adherence 
in a real-world setting [72], we suggest that continuous moderate- and high-intensity 
exercise training are two complementary, rather than exclusive, training tools which 
should be performed for improving aerobic and metabolic fitness and other health-
related outcomes.

1.4	 �Innovative Training Modalities

1.4.1	 �Normobaric Intermittent Hypoxic Exercise Training

As already presented above, physical exercise training is an important lifestyle 
behavior for weight management, fitness, and health benefits. However, adherence to 
prescribed or spontaneous exercise remains low [73] and often declines over time in 

1  Physical Activity and Endurance Training Modalities: Evidences and Perspectives



10

obese individuals inducing to a plateau in weight loss or partial or total recovery of 
lost weight 6 months after the beginning of intervention [74, 75]. Furthermore, obe-
sity may increase joint stresses during walking, which likely modify gait pattern 
[76–81], and may contribute to lead eventually musculoskeletal pathologies (e.g., 
lower-extremity osteoarthritis, rheumatoid arthritis, and/or low back pain) [82]. This 
may increase the dropout during exercise training programs [83] and, thus, limit their 
beneficial effects in weight management interventions in obese individuals [84]. For 
this reason, it is imperative that alternative and innovative strategies are developed 
for individuals with obesity to increase variation, adherence, and effectiveness of 
exercise training programs to finally match current exercise recommendations [5].

Among these innovative strategies, normobaric hypoxic training is used and 
compared with equivalent normoxic training, to improve weight loss and cardio-
metabolic markers in individuals with obesity (see for review [74, 75, 85–87]). 
Normobaric hypoxia (i.e., simulated altitude (2500–3000 m) via a reduced inspired 
O2 fraction (14–15 FiO2) usually obtained using hypoxic chamber) is defined as a 
reduced O2 supply to tissues caused by decreases in O2 saturation of arterial blood 
with normal barometric pressure. Normobaric hypoxic training, which activates the 
hypoxia-inducible factor (HIF), may play a pivotal role in effective metabolism 
regulation (weight maintenance, glucose homeostasis, O2 transport and satiety) and, 
thus, could be a useful tool to treat obesity. Recent systematic review and meta-
analysis [74] supports this concept showing that, similar to normoxic training, nor-
mobaric hypoxic training results in significant decreases in body weight, fat mass, 
weight-to-hip ratio, waist circumference, and in several cardiometabolic markers 
(triglycerides, LDL, HDL, systolic and diastolic blood pressure). However, only the 
magnitude of reductions in triglycerides and higher muscle mass gain was greater in 
hypoxic than in normoxic training. Moreover, these mostly similar results between 
the two interventions may be obtained using lower exercise intensity in normobaric 
hypoxic than in normoxic training [88–90]. Fernandez Menendez et al. [91] recently 
reported that a 3-week normobaric hypoxic (3000 m) walking training program at 
slower preferred walking speed than in normoxia elicited similar responses in terms 
of body mass and composition, energetics and mechanics of walking, and metabolic 
risk markers in individuals with obesity. However, this slower walking speed in 
hypoxia may reduce joint loads and stresses and increase adherence to training com-
pared to normoxic training performed at faster walking speed and, thus, with higher 
risk of orthopedic injury [90, 92] and dropout during intervention. According to 
recent practical applications and recommendations for normobaric hypoxic training 
[74], this training should start using low-to-moderate intensity and include the fol-
lowing features: 4–6 weeks of 2–3 sessions of 60–90 min at 55–65% of VO2max  or 
60–70% of maximum heart rate at 13–14% of FiO2. Then, HIIT in moderate level 
of hypoxia (FiO2, 14–17.2%) should be added always in combination with other 
sessions of endurance training. HIIT sessions should include a duration of 
30–60 min/session, using intervals of 8–30 s all-out followed by 3 min of active 
recovery at 55–65% of peak power output performed 3–4 times/week. This second 
part of HIIT hypoxic training could induce an additional effect in reducing fat and 
body mass and maximizing muscle growth [93–95]. It has also been suggested that, 
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to optimize the effect of normobaric hypoxic training, saturation levels of 75–89% 
should be targeted and used to increase the hypoxic stress and stimulus [91].

1.4.2	 �Noninvasive Ventilation (NIV) and Proportional Assist 
Ventilation (PAV) During Physical Training

Noninvasive ventilation (NIV) is able to improve work capacity in individuals with 
obstructive pulmonary diseases as well as in patients with restrictive thoracic disor-
ders [96, 97]. Obese individuals must overcome some peculiarities which alter 
respiratory mechanics like a reduced lung compliance, an increased chest wall resis-
tance, antagonistic activity of respiratory muscles, and modified work on the 
abdominal viscera. They suffer from dyspnea even during mild exertion, partly by 
an increased oxygen cost of breathing [98].

Interesting results have been obtained in obese individuals with obstructive sleep 
apnea (OSA) already treated with continuous positive air pressure (CPAP) when 
adding NIV during physical training or respiratory muscle training (RMT – isocap-
nic hyperpnea). This latter is able to improve walking distance by increasing respi-
ratory muscle endurance [99]. Aerobic fitness, assessed by VO peak2 , significantly 
improved after 3 months of the combination of exercise plus RMT and exercise plus 
NIV when compared with exercise alone. Moreover, the use of NIV during exercise 
training produces a dramatic reduction in systolic as well in diastolic blood pres-
sures versus exercise alone, with a likely protective effect on cardiovascular func-
tion, and a more important reduction of waist circumference at the end of the 
training period [100].

Another type of NIV is the proportional assist ventilation (PAV), which repre-
sents an extension of the activity of the patient’s own respiratory muscles. PAV 
generates inspiratory pressures in proportion to inspired flow and inspired volume 
such that the ratio between airway pressure and instantaneous patient-generated 
pressure is approximately 1. This method gives some advantages like reduction of 
peak airway pressure required to sustain ventilation, less risk of overventilation, and 
preservation of homeostatic control mechanisms and patient’s own reflex. On the 
whole, PAV is able to unload the resistive and elastic burdens of the ventilatory 
system [101]. During a cyclo-ergometer exercise, PAV has shown to increase the 
exercise endurance in more than 50% obese individuals [102]. Interestingly, in 
agreement with findings in patients affected by restrictive thoracic disorders, obese 
“responder” individuals have lung volumes that are lower than those of “nonre-
sponders” [102].

1.5	 �Conclusions

Daily physical activity and endurance training are crucially important for improving 
aerobic and metabolic fitness and health levels. Their role in weight loss is marginal 
and this may become clinically significant only whether a higher exercise duration 
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(300–400 min/session) is used and/or exercise is combined with caloric restriction. 
In structured endurance training, the moderate-intensity continuous and high-
intensity interval trainings seem to be both effective to improving health-related 
outcomes and increasing adherence and variation during training interventions and 
should be considered two complementary training tools in overweight/obese indi-
viduals. Moreover, innovative training modalities as normobaric hypoxic training 
and noninvasive ventilation may be promising and useful for improving fitness and 
health. However, “one approach that may be effective is to encourage the accumula-
tion of moderate-to-vigorous physical activity throughout the day by increasing 
steps of ambulatory movement rather than focusing solely on structured periods of 
more traditional forms of exercise” [103].

Acknowledgment  The authors thank Elsevier for the permission to reuse Figures and Tables of 
the manuscript of Swift et al. [7].
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2Which Strength Training?
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Key Points
•	 Resistance training is a key element in the treatment of obesity.
•	 High-intensity resistance training should be used with caution; low-

intensity resistance training should be preferred because of reduced 
mechanical stress on the joints.

•	 In particular, low-intensity, low-velocity resistance training is well toler-
ated and appears to provide evidence-based benefits in the obese 
population.

•	 The combination of low-intensity, low-velocity strength training with aer-
obic training and a supervised dietary plan lead to weight loss, improved 
function, postural control and independence in daily life activities.

•	 Low-velocity resistance training modalities need to be investigated for the 
obese population.
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2.1	 �Strength Training in Obese Individuals

Strength training has been demonstrated to be beneficial in reducing cardiometabolic 
risk and disability in obese and overweight individuals. The inclusion of strength 
training within a multidimensional exercise therapy program (combined with both 
aerobic and neuromotor training) has been promoted by the scientific community 
over the last years. Scientific associations as the American College of Sports Medicine 
[1, 2] and the American Heart Association [3] provided recommendations for the use 
of resistance training in those populations. Several studies showed that muscle mass 
was negatively associated with an increased risk of mortality [4] and metabolic syn-
drome [5]. In this wake, the key role played by lean muscle mass and increased 
muscular strength for wellness and quality of life is evident.

It should be noted that obesity may be associated with sarcopenia. Sarcopenia 
is a condition characterized by progressive loss of muscle mass, strength and poor 
quality of life [6]. This condition of loss in muscle mass accompanied by an 
increase in body fat with a considerable weakness is defined as sarcopenic obe-
sity. The presence of obesity combined with sarcopenia implies also many func-
tional limitations in performing daily life physical activities requiring muscular 
strength [7]. Such limitations were shown by Rolland and colleagues, who com-
pared difficulties in walking, climbing stairs and rising from a chair in a sample 
of 1308 women divided into four categories: healthy body composition, sarcope-
nic, obese and sarcopenic obese. The Authors showed that obese had a higher 
probability of having functional limitations, whereas the sarcopenic obese indi-
viduals were impaired in climbing stairs [7]. This showed how sarcopenia and 
obesity yield synergistic negative effects in daily life functional movements and 
quality of life. Overall, there is a clear association between increased fat mass, 
physical inactivity and loss of muscle mass/strength, suggesting that physical 
activity plays a protective role for the prevention but also the management of sar-
copenic obesity and body composition.

Many lines of evidence suggest that strength training may be an appropriate 
modality for contrasting sarcopenia and metabolic risk factors, such as control of 
body weight and adipose tissue. In this perspective, this chapter aims to describe 
the potential of strength training in the treatment of obesity. From a practical point 
of view, we also wanted to provide indications for defining a strength training 
program. Particular emphasis was given to a non-conventional resistance training 
method based on the reduction of muscular action velocity particularly suited for 
obese individuals [8, 9]. Together with the practical recommendations for struc-
turing a resistance training program, we should acknowledge the importance of 
enhancing self-awareness of obese individuals in engaging in resistance training 
and, more generally, in physical activity, focusing on the quality of movement 
[10] and postural control [11]. Increased awareness about the importance of phys-
ical activity is a requisite for successful treatment of obesity. A physical activity 
program should include aerobic and resistance training, as well as neuromotor 
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training [12]. The latter should be focused on the quality of movement, because it 
has positive effects on muscle mass and strength, increasing energy expenditure 
and reducing adipose tissue leading to a better postural control and performance 
of daily life activities. The integration of all of these aspects is fundamental in 
reducing obesity-related disability (Fig. 2.1).

2.2	 �Metabolic Effects

It has been demonstrated that regular participation in a strength training program is 
beneficial for promoting weight loss [13]. However, a decrease in fat mass was 
found to be usually associated with an increase in lean body mass, thus inducing a 
small-to-null effect on the control of body weight [14, 15]. Taking part in a strength 
training program is not necessarily accompanied by a decrease in total body weight. 
Strength training, as other types of physical activities for obese patients, is usually 
prescribed together with a dietary restriction regimen. Indeed, Geliebter et al. dem-
onstrated that an 8-week strength training program accompanied by a supervised 
nutritional counselling was beneficial for reducing fat-free mass [16].

In addition to a decrease in fat-free mass and an increase in lean body mass, 
beneficial effects were also present on energy expenditure, with an increase in rest-
ing metabolic rate. This process was found to be modulated by the muscle protein 
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Fig. 2.1  Overview of the effects of resistance training for promoting well-being
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turnover [17], thanks to the requirement of elevated ATP level consumption during 
the whole-body protein synthesis.

In a study by Kraemer and colleagues, 35 overweight individuals were randomly 
assigned into four groups: a dietary group, a dietary group that performed aerobic 
training, a dietary group that performed both strength and aerobic training and a 
control group for 12 weeks [18]. The three experimental groups showed a signifi-
cant reduction in weight loss, without significant differences in serum glucose, cor-
tisol, testosterone and high-density lipoprotein (HDL) concentrations. This research 
demonstrated that a combination of resistance and aerobic training with a dietary 
regimen contributes to limit the physiological decrement in fat-free mass and mus-
cular strength, as compared to diet only [18].

A further study on the potential effect of resistance training in overweight indi-
viduals was conducted with the aim of assessing whether increases in lean body mass 
and decreases in fat mass over 15 weeks of supervised resistance training could be 
preserved after 6  months of non-supervised training [19]. The body composition 
remained almost unchanged over the 6  months of non-supervised training. The 
authors concluded that supervised resistance training could be useful for improving 
body composition and that such improvements can be maintained over time also in a 
following period of non-supervised training. These findings lead to two important 
considerations. Firstly, a supervised resistance training program is beneficial for 
improving body composition in middle-aged women, thus laying the foundation for 
promoting resistance training in limiting and preventing age-associated fat gains. 
Secondly, it should be acknowledged that the immediate efficacy of a supervised 
program could be seen also when performing a consecutive non-supervised resis-
tance training program. Individuals involved in a supervised training program were 
able to learn and practice correctly specific exercises under the guidance of an expert 
trainer, thus boosting compliance to home exercise. This point is of fundamental 
importance for individuals not so used to engage in regular physical activity.

Another study [20] investigated the effects of an 8-week resistance training pro-
gram on body composition in obese individuals. Twenty-eight males were randomly 
assigned to a resistance training group or a control group. Outcome measures were 
body mass, percentage body fat, lean body mass, fat mass, waist-to-hip ratio and 
body mass index, assessed before and after the experimental period. Results indi-
cated that the resistance training group was able to significantly improve body mass, 
percentage body fat and lean body mass with respect to the control group, thus sup-
porting a relationship between resistance training and body composition.

Together with the positive effects on body composition, it is well known that 
physical exercise may positively affect also circulating blood lipid levels. Therefore, 
parallel to the assessment of body composition, outcome measures of studies on the 
effect of resistance training on obese individuals included also blood lipid levels. A 
longitudinal controlled trial [21] was conducted to investigate the effects of a 
12-week strength and aerobic training on body mass index, weight, fat mass, serum 
lipid profile and insulin resistance in obese women who cannot follow any sort of 
restricted diets. Sixty obese women with eating disorders were enrolled and ran-
domly divided into three groups: control group with no exercise, aerobic exercise 
group and strength exercise group. Results were that body mass index, waist and 
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weight measurements, serum lipid profile, triglyceride and total cholesterol levels 
decreased significantly in each of the study groups. However, it is worth noticing 
that only the aerobic exercise group induced a reduction in low-density lipoprotein 
cholesterol level, fat mass and insulin resistance, as compared to the other two 
groups. Although outcomes of this controlled trial indicated that aerobic exercise 
seems to be superior as compared to strength exercise in reducing fat mass and 
insulin resistance, this study indicated that the two experimental groups (aerobic 
exercise and strength exercise) were able to ameliorate body fat composition with a 
concomitant metabolic effect also in patients with severe eating disorders. Overall, 
these experimental studies provide further evidence of the beneficial effects of resis-
tance training for a better control of body weight and body composition in over-
weight individuals [18–21].

Considerations are also needed for the potential beneficial effects of strength 
training on the mobilization of visceral adipose tissue. Originally, body fat tissue is 
located into two main sections with various metabolic characteristics: subcutaneous 
adipose tissue and visceral adipose tissue. Abdominal obesity, which is character-
ised by an increased adipose tissue surrounding organs within the abdominal region, 
is also denoted as visceral obesity. Excessive visceral adipose tissue was found to be 
associated with dyslipidaemia, hypertension, insulin resistance, type 2 diabetes and 
cardiovascular diseases [22].

Numerous studies have investigated the potential role of resistance training to 
contrast visceral adipose tissue [23–26]. Ross et al. investigated the influence of diet 
in combination with aerobic or resistance training on adipose tissue distribution in 
24 obese women. The combination of moderate energy restriction with resistance or 
aerobic exercise induced significant decrements in visceral adipose tissue and sub-
cutaneous adipose tissue. Moreover, the same research group structured an almost 
identical study design by adding an experimental group which followed a diet-only 
program. The main results were that diet combined with aerobic training and diet 
combined with resistance training were superior for preserving skeletal muscle tis-
sue and mobilizing subcutaneous adipose tissue from the abdominal region than 
diet-only group [24].

These studies emphasized the key role that the resistance training, associated 
with an energy restriction program, can play for determining the reduction of vis-
ceral adipose tissue. Overall, there is evidence supporting the notion that resistance 
training can effectively alter body composition in overweight individuals, regard-
less of dietary restriction by acting on visceral adipose tissue in abdominal region.

Strong evidence derived from epidemiological studies showed a relationship 
between obesity, cardiovascular diseases [27] and type 2 diabetes [28]. It is well 
known that factors such as cholesterol, elevated plasma glucose and blood pressure 
contribute to increase the risk for cardiovascular diseases [29]. Such risks may be 
reduced by an adequate physical activity program. The literature focused on the 
relationship between physical exercise and control of glycaemia in patients with 
type 2 diabetes [30].

An experimental study provided evidence for the positive effect of resistance 
training in the treatment of type 2 diabetes individuals [15]. The authors demon-
strated that a resistance training program involving multiple exercises at high 
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intensity induced a slight decrease in glycated haemoglobin. Another study by the 
same research group [31] investigated whether improvements in glycaemic control 
and body composition after 6  months of supervised resistance training could be 
maintained after an additional 6 months of home-based resistance training. Although 
glycaemic control was not maintained, muscular strength and lean body mass were 
preserved, demonstrating the effectiveness of home-based training.

2.3	 �Types of Strength

Resistance training can include different types of strength, each of which may be 
relevant for certain individuals and their own characteristics. For clarity, in the pres-
ent chapter we provide a brief classification of the types of strength in terms of the 
type of muscle action, the qualities of strength and the force-velocity relationship. 
Our aim is to describe the strength-related variables that may be useful for practitio-
ners for understanding, planning and structuring appropriate resistance training pro-
grams adapted for overweight individuals [12]. For simplicity, we have decided to 
refer also to the definitions provided in a distinguished recent book about strength 
training and periodization [32].

Before describing the different qualities of strength and the force-velocity rela-
tionship, it is worth providing a brief overview on the types of muscle action [33]. 
Three basic types of muscle action are recognized: concentric, eccentric and isomet-
ric. The term muscle action should be preferred than muscle contraction. This is 
because contraction means shortening, which does not appropriately define two of 
the three muscle actions. In concentric muscle action, as the contractile force is 
greater than the resistive force, the muscle shortens. The forces generated within the 
muscle to shorten it are greater than the external forces which act to stretch it. 
Typical concentric actions of quadriceps femoris are climbing stairs. In eccentric 
muscle action, as the contractile force is lower than the resistive force, the muscle 
lengthens. The forces generated within the muscle to shorten it are lower than the 
external forces which act to stretch it. Typical eccentric actions of quadriceps femo-
ris are descending stairs. Contrary to what happens during concentric and eccentric, 
in isometric muscle action, the contractile force is equal to the resistive force, and 
therefore the muscle length does not change. The forces generated within the mus-
cle which act to shorten it are of the same amount of the external forces acting at its 
tendons to stretch it. A typical isometric action can be found when the muscles of 
the hand and forearm grip an object. In this action, muscles generate enough force 
to prevent the falling of the object while the joints of the hand do not move. All these 
three types of muscle action can be present within a resistance exercise.

The desired effect of a strength training program may refer to one of the follow-
ing three qualities of strength: maximum strength, muscular power and local mus-
cular endurance. Maximum strength is the highest force applied by the neuromuscular 
system during a contraction. It can be increased through a combination of neural 
and structural adaptations. From a practical viewpoint, maximum strength refers to 
the heaviest overload that an individual can lift in one attempt and is usually 
expressed as 100% of maximum repetition (1RM). 1RM is a common measure of 
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muscular strength and is defined as the value of resistance against which a given 
movement can be performed only once [34]. It is important to know the 1RM of 
individuals engaged in resistance training in each exercise for calculating loads (in 
percent of 1RM) to apply appropriately. Careful considerations should be done to 
determine the 1RM. Direct assessment of 1RM needs time and may increase risk of 
cardiovascular diseases, as well as of muscle-skeletal injuries. Therefore, an indi-
rect assessment of 1RM should be preferred [34].

Muscular power is the ability to exert the highest force in the shortest time and 
depends on two abilities as strength and speed. Athletes have time constraints in the 
majority of sports and therefore should apply force as fast as possible. Training 
power and exerting the highest force in the shortest time require an almost perfect 
capacity of controlling the whole movement through the execution of the exercise. 
Being a peculiarity of sport disciplines, it can be considered very marginal for over-
weight and obese individuals, where training has the purpose of incrementing well-
being and quality of life, rather than reaching the highest performance.

A strength ability which should be instead developed for obese is local muscular 
endurance. It is the ability of a muscle, or a group of muscles, to sustain a certain 
work as repeated contractions against a submaximal resistance for a prolonged 
period. Examples are performing numerous repetitions in specific exercises using a 
fixed load (such as overload with a percentage of 1RM or body weight).

Generally, muscular strength, power and hypertrophy are the main goals in resis-
tance training; adequate training adaptations depend on the correct combination of 
numerous variables, such as external load, intensity, volume, exercise selection, exer-
cise order, rest period and the velocity of muscle action [35]. A training variable which 
is quite often not considered, but essential in obtaining the desired strength responses, 
is the velocity of muscle action [36]. This variable is important because modifies the 
time under tension (TUT), muscle activation and hormonal and metabolic responses, 
which are key factors for strength and hypertrophy development [37].

Muscle force-velocity is an important relationship in the field of strength training. 
The force-velocity curve illustrates that the greater the amount muscular force gener-
ated, the slower the muscle shortening and the related movement velocity (and vice 
versa). Performing a 1RM involves slower movement velocities, the amount of force 
generated is maximum but power is low. Conversely, maximal power is produced at 
intermediate velocities by lifting light to moderate loads. As the speed increases, the 
force production would diminish due to number of actomyosin cross-bridges cre-
ated: when the speed is high, the number of active cross-bridges is lower [38].

2.4	 �Improving Muscle Mass and Strength

Maximizing hypertrophic response to resistance training can be reached by manipu-
lating exercise program variables, such as type and order of exercises, length of rest 
intervals, intensity of maximal load and training volume [39]. In overweight individu-
als, resistance training could be beneficial for many aspects previously mentioned. 
The available literature provides a wide range of parameters regarding strength train-
ing. As concern the load, there is a large consensus in using moderate-to-high loads 

2  Which Strength Training?



26

for three sets performing a moderate number of repetitions. Table  2.1 shows the 
parameters commonly used in resistance training protocols of some of the previous 
studies published on the effect of resistance training in obese. It is possible to notice 
that the intensity is often superior than 50% of 1RM. Accordingly, to increase muscle 
mass and strength, high-intensity resistance training has been considered the most 
effective intervention [35].

It should be noted that high-intensity resistance training is based on relatively 
high load (~70–85% of 1RM) which induces large mechanical stress that would 
result in increased systolic blood pressure and increased risk of orthopaedic injuries 
[3, 48, 49]. Therefore, using a reduced load in resistance training appears of funda-
mental importance for those individuals who have not a correct technique of exer-
cise execution and who cannot overload osteo-articular structures, such as obese.

Recently, particular attention has been devoted to repetition duration (the veloc-
ity of muscle action), which may have an impact on muscular adaptations [36]. 
Reducing the velocity of muscle action during both concentric and eccentric action 
phases permits to increase the TUT (i.e. the time the muscle is under tension). 

Table 2.1  Overview of some studies on resistance training in overweight individuals, (−) 
decrease, (+) increase, reps repetitions, 1RM one maximal repetition

Authors Participants
Resistance training 
variables Main effects

Dunstan et al. 
[15]

Older adults 50–85% 1RM, 3 sets, 
8–10 reps, 16 weeks

− Body weight
− Fat mass
+ Lean mass

Maiorana 
et al. [40]

Middle-aged 
adults

55–65% 1RM, 3 sets,  
15 reps, 8 weeks

+ Muscular strength
− % fat mass
− Waste/hip ratio

Castaneda 
et al. [41]

Middle-aged 
adults

60–80% 1RM, 3 sets, 
16 weeks

+ �Sodium-dependent glucose 
co-transporter system

Loimaala 
et al. [42]

Middle-aged 
adults

70–80% 1RM, 3 sets, 
10–12 reps, 12 months

+ Muscular strength
− Baroreflex sensitivity

Shaw and 
Shaw [20]

Males 60% 1RM, 3 sets, 8 weeks − Body mass
− % body fat
+ Lean mass

Rice et al. 
[43]

Middle-aged 
males

80% 1RM, 1 set,  
8–12 reps, 16 weeks

− Body weight
= �Effects on lowering fasting 

insulin
Manning 
et al. [44]

Middle-aged 
women

60–70% 1RM, 3 sets,  
6–8 reps, 12 weeks

+ Muscular strength
= Lipid profiles

Vincent et al. 
[45]

Older adults 50–80% 1RM, 8–13 reps, 
24 weeks

+ Muscular strength
− �Systemic oxidative stress 

levels
Lambers et al. 
[46]

Diabetes 
participants

60–85% 1RM, 3 sets, 
10–15 reps, 12 weeks

+ �Upper and lower body 
strength

− �Cholesterol and glycosylated 
haemoglobin

Comstock 
et al. [47]

Young men 85–95% 1RM, 3 set,  
10 reps, one session

= �Perceptual measures and 
muscle damage
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Studies have reported that a combination of relatively low intensity (~30–60% of 
1RM) with slow movement (reduced velocity of muscle action) during resistance 
training was able to significantly increase muscle size and strength in untrained 
young [50, 51] and old adults [52, 53]. One of the physiological mechanisms of 
muscle hypertrophy is the lowered peripheral muscular oxygenation occurring dur-
ing exercise [54], which can be exhacerbated during resistance training with slow 
movement [51, 55]. Moreover, an increase in TUT results in an increment of levels 
of metabolic stress within muscle (as a result of the intramuscular environment with 
reduced oxygenation) [56], which in turn stimulates growth hormone (GH) secre-
tion, cell swelling, production of reaction oxygen species and increased recruitment 
of fast-twitch fibres [57].

To the best of the authors’ knowledge, there is only one study that investigated 
the effects of relatively low-intensity resistance training with slow movement on 
strength in obese [9]. Forty obese female patients were assigned randomly to a slow 
(ST) and a traditional (TT) resistance training groups. The ST was composed by five 
repetitions for five sets on the leg press and leg extension machines. The duration of 
each repetition (concentric and eccentric phases) was 6 s for leg press and 5 s for leg 
extension. The initial load was 50% of 1RM, which was gradually reduced by 20% 
of the previous load for each bout. The TT protocol included the same exercises 
with six repetitions for five bouts using an intensity of 80% of 1RM. Although the 
velocity of muscle action of the TT group was not specified in that manuscript, as 
named traditional training, we can assume that a normal velocity was presumably 
adopted (1–2 s for phases of repetition). Both groups performed ten training ses-
sions. Similar improvements in isokinetic strength variables were observed for both 
groups, but a larger decrement in knee pain and perceived fatigue was found in ST 
with respect to TT group. This study provides support for the efficacy of relatively 
low-intensity resistance training with slow movement for obese patients as it can 
induce significant strength gains with a relatively lower load on the osteo-articular 
structures, together with a reduced perception of pain and fatigue [9].

Similar to the low-intensity resistance training with slow movement, another 
resistance training method (i.e. blood flow restriction resistance training) has been 
demonstrated to be efficacy for improving strength and muscle mass without the 
need of using high load [58]. Blood flow restriction resistance training, also denoted 
as Kaatsu training, implies a decreasing of muscular blood flow by applying devices 
such as blood pressure cuff or restrictive straps, thus inducing the pooling of blood 
with a consequent muscular deoxygenation [56]. Recently, the safety of blood flow 
restriction resistance training has been questioned [59] because of the increased 
blood pressure and potential undesired coagulation at sites of vascular damage or 
atherosclerosis. Obese and overweight individuals are known to be susceptible to 
vascular dysfunction [60]. Moreover, a decreased vasodilation capacity has been 
observed after resistance training with restricted venous blood flow [61].

With this in mind, a recent study tested the hypothesis that a 3-week training 
period of unilateral knee extension blood flow restriction exercise in overweight 
individuals would increase muscle strength and decrease vascular reactivity in both 
limbs [62]. Although strength increased, a decrease in endothelial function and 
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vascular autoregulation was observed. These findings described the potential nega-
tive effects on the mechanisms of vascular regulation produced by blood flow 
restriction resistance training for overweight individuals, increasing risks for blood 
vessel dysfunction and remodelling, which are known to be risk factors for cardio-
vascular diseases. This suggests an impairment of vascular autoregulation that may 
exacerbate the endothelial dysfunction, which commonly occurs in overweight indi-
viduals [62].

On the same line, a systematic review investigated the effects of blood flow 
restriction exercise on blood haemostasis in healthy individuals and patients with 
known diseases (i.e. hypertension, diabetes, obesity, ischemic heart disease) [63]. 
Overall, the main finding was that blood flow restriction exercise seems not to exac-
erbate the activation of the coagulation system nor enhance fibrinolytic activity. 
However, the limited number of studies included in the review suggests the need for 
more randomized controlled trials to properly verify the safety of blood flow restric-
tion resistance training on vasal regulation in individuals with increased risk for 
thromboembolic disorders, impaired fibrinolysis, diabetes and obesity [64]. It is 
worth noticing that, when blood flow restriction cannot be applied in individuals 
with potential risk factors (obese, diabetes, cardiovascular disease), the authors of 
this review proposed to prescribe low-intensity resistance training with slow move-
ment [63]. This attributes increased value to such method that is proposed as safety 
and efficacy strength training with great potentialities for obese individuals.

2.5	 �Recommendations for Practitioners

Traditional resistance training programs, despite relatively low intensity (<50% of 
1RM, as in the blood flow restriction and low-intensity resistance training with slow 
movement), are mainly based on the use of isotonic machines and free weights. 
When using external equipment, individuals should master a proper technique for a 
correct exercise execution. This requires time to learn the proper modality and an 
expert trainer who supervises the session. A key point is to focus on the quality of 
the movement patterns, rather than on the quantity (doing less but better). Obese 
patients usually show poor motor control and self-awareness, which are important 
prerequisites for a correct execution of the exercise movement [65, 66]. Therefore, 
trainers should firstly aim to improve postural control and increase self-awareness, 
defining appropriate progressive goals. Resistance training should begin after those 
goals have been achieved. In this phase, it is important to provide the correct cues, 
to pay attention to the patient’s feedback and to establish a trustworthy relationship 
with the patient.

Only once the proper execution of the exercise movement has been achieved, 
patients should start the resistance training program, consistently supervised by 
expert trainers. Low-intensity, low-velocity resistance training is to be preferred. 
Reducing the velocity of muscle action in both phases (eccentric and concentric), in 
fact, allows to pay attention to the correct execution modality and to the quality of 
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movement. Reducing the velocity of muscle action allows a better breathing pattern 
and a correct body posture while performing resistance exercises [10]. Moreover, it 
is known that supervised resistance training is more effective than a non-supervised 
one for improving muscular strength [67].

Also, one of the main goals of exercise is to enhance self-awareness on the 
importance of being active, together with boosting the perception of well-being 
deriving from regular exercise. In this multidimensional perspective, individuals 
participating in a supervised resistance training program benefit from a correct exe-
cution modality and body posture, which serve for promoting adherence to a resis-
tance exercise scheme in a non-supervised context (e.g. home, park).

We suggest low-intensity, low-velocity resistance training programs based on 
exercises that do not require special equipment and that can be easily performed 
individually without supervision. Non-instrumental resistance training with slow 
movements using body weight was found to be effective for improving body com-
position in healthy old individuals [68]. Moreover, a recent study provided evi-
dences on the positive effects of resistance training on muscle strength in elderly 
individuals with either normal (1 s for each phase) and slow speed of movement (3 s 
for each phase) using body weight [52]. Based on these studies, the use of overloads 
(isotonic machines and/or free weights) in resistance training for health purposes 
does not appear mandatory. Given the didactic value of slow movement and the pos-
sibility to perform resistance training without supervision in a non-controlled envi-
ronment, we recommend low-intensity, low-velocity resistance training programs 
for obese individuals using body weight and/or elastic bands. Some practical indica-
tions are the following:

	1.	 At the beginning of the exercise period, an important focus should be given to 
self-awareness, postural control and breathing pattern. Strength training should 
be performed at low intensity and/or using body weight, so that individuals learn 
the proper exercise technique supervised by an expert trainer.

	2.	 In low-intensity, low-velocity resistance training, we suggest a load of 50% of 
1RM with slow speed of movement (3–5  s for each phase without rest) [8]. 
Blood flow restriction can be modulated by increasing the duration of the con-
centric and eccentric phases and reducing the relaxation time (the pause between 
repetitions), which induces a prolonged time under tension [55]. A load of 50% 
of 1RM performed at slow speed is adequate to generate a sufficient intramuscu-
lar pressure that reduces the muscle’s blood flow and muscle oxygenation, mim-
icking the physiological, neuromuscular and hormonal adaptations that occur in 
blood flow restriction resistance training. Similarly, also for resistance training 
using body weight and/or elastic bands, velocity of muscle action should be 
reduced and controlled with a metronome.

Perspectively, the effects of even slower contractions that increase the dura-
tion of each muscle action phase [69] should be studied, with the aim of reducing 
the exercise time to a still effective training regimen and possibly increase adher-
ence to exercise prescription in obese patients.
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	3.	 For each muscle group, five progressive steps with slow movement should be 
suggested:
	(a)	 A single set without reaching muscular failure.
	(b)	 More sets without reaching muscular failure (e.g., two or three sets).
	(c)	 A single set reaching muscular failure.
	(d)	 More sets reaching muscular failure (e.g., two or three sets).
	(e)	 A single set with a gradual reduction of load until reaching muscular failure. 

This approach was previously proposed [70] and more recently used for 
obese individuals [9].

	4.	 A whole-body kinetic chain approach is to be preferred: all major muscle groups 
are trained including upper body (pulling, pushing), torso (rotations) and lower 
body (squatting, lunging) movements. The choice of exercises should be based 
individually.

	5.	 Global movements should be preferred, also performed with small tools (e.g. 
elastic bands, kettlebells), with the aim to ameliorate physical function in daily 
life activities.

	6.	 Generally, emphasis should be devoted to the quality of movement. This approach 
intends to increase the self-awareness of the beneficial effects of resistance train-
ing and the feeling of well-being, thus providing the bases for continuing resis-
tance training in a non-supervised environment.
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Key Points
•	 Aquatic exercise yields protective effects against joint loading.
•	 The Osteoarthritis Research Society International, the American College 

of Rheumatology and the European League Against Rheumatism include 
aquatic exercise as an important treatment for pain.

•	 The immersed subject can exercise vigorously and is capable of increasing 
VO2max over relatively short periods.

•	 Land-based high-intensity interval training is difficult to perform in obese 
subjects, but aquatic short-term low-volume HIIT is a feasible, time-
efficient strategy to improve body composition, muscle oxidative capacity, 
fasting glucose, triglycerides level, blood pressure and fitness in obese 
subjects
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Excessive body weight increases mechanical stress to the joints and tissues and 
induces physical limitations and pain [1], leading to reduction of physical activity that 
contributes to the loss of muscle mass and strength. The combination of the above 
components contributes to higher BMI, decline in physical function, musculoskeletal 
pain and reduced quality of life [1–3]. In obese populations, traditional modes of aero-
bic exercise, such as walking and/or running, are often associated with increased risk 
of musculoskeletal injuries [4], thus reducing adherence to exercise prescription. Pain 
is one of the major determinants of ceasing physical activity in patients with obesity. 
The combination of obesity and knee osteoarthritis, most typically, creates a vicious 
cycle of pain, loss of functionality and disease progression. To interrupt this cycle, 
physical activity and weight loss can make an important contribution. Pain relief using 
analgesics and anti-inflammatory medications may have only a modest functional 
benefit while causing cardiovascular and gastrointestinal side effects. The recommen-
dations of the Osteoarthritis Research Society International, the American College of 
Rheumatology and the European League Against Rheumatism also include aerobic, 
aquatic and resistance training as important treatment components [5, 6]. The 
American College of Sports Medicine generally recommends 30 min of moderate 
aerobic activity on land 5 days per week or 3 days of vigorous or combined aerobic 
activity and 1–4 sets (8–12 repetitions) of 8–10 resistance exercises to train the major 
muscle groups 2–3 days per week in non-consecutive days [7, 8]. Non-weight-bearing 
including aquatic exercises (AQE) are also recommended for the obese population to 
reduce stress on the lower extremities and spine [9, 10].

AQE is an exercise modality which can be defined as a group of exercises per-
formed in water, mainly in the vertical position, with or without music or equip-
ment, in shallow or deep water [5, 11]. It describes an environment for structured 
physical activity rather than a type of exercise. This confusion facilitates poor 
reporting and unclear definitions of the exact type of exercises used in clinical 
aquatic programs. The immersion of the body in water in a vertical position causes 
per se various modifications in the main apparatuses [12–16]:

Cardiovascular

•	 Redistribution of blood flow (thoracic “blood shift”)
•	 Best venous return
•	 Increased central venous pressure
•	 Greater atrial filling
•	 Central hypervolaemia with increased systolic and cardiac output

Respiratory

•	 Decreased static lung volumes
•	 Increased respiratory rate in increased metabolic demand situations
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Musculoskeletal

•	 Unloading of the joints
•	 Lower speed of movement due to fluid resistance
•	 Lower activation and recruitment of muscle groups

Renal

•	 Increase in diuresis and natriuresis

AQE is commonly used in Sports Medicine to improve athletes’ skills, muscular 
tone and for strengthening and endurance training, but also to relieve pain and 
spams, relax and improve circulation [17]. In rehabilitation, AQE is recommended 
mainly for pre- and post-traumatic or post-surgical conditions [18] and in various 
chronic conditions such as fibromyalgia [19], osteoarthritis and rheumatological 
conditions [20], Parkinson [21], multiple sclerosis, muscular dystrophy, asthma 
[22], haemophilia [23], chronic obstructive pulmonary disease [24] and chronic 
heart diseases [25], balance disorders [26] and obesity [27]. Growing research evi-
dence supports the value of AQE in improving function, quality of life or pain in 
arthritis [2, 3, 28, 29], low back pain [1], fibromyalgia [5, 17, 30] and after ortho-
paedic surgery [31, 32]. AQE can counteract kinesiophobia, a maladaptive strategy 
leading to the avoidance of physical activity because of pain-related fears [1]. It has 
been shown to improve 6-min walking test distance, hand grip strength and muscle 
mass, reduce body weight and fat mass and improve function and pain control [5, 
33]. Walking/running on water treadmill increases energy expenditure, VO2 and 
perceived exertion more than on land [34].

The main beneficiary of AQE are subjects with limitation during the execution of 
land-based exercises, due to aging, fear of falling and the aforementioned comor-
bidities. Its versatility and controlled conditions make it possible to define individu-
alized protocols, allowing to combine different elements creating a cost-efficient 
environment [11, 35].

AQE seems to positively affect exercise compliance more than land-based pro-
grams and facilitate independent commitment after finishing supervised rehabilita-
tion [36]. Contraindications for AQE are severe cardiovascular or cardiopulmonary 
disease, tracheotomy, diabetes, seizures, incontinence, mycosis, infections, open 
wounds or non-healing ulcers, chlorine allergy and contagious diseases. Surprisingly, 
to date, only two short-term (12–13 weeks) studies have compared the effectiveness 
of AQE and land-based training on aerobic fitness and body composition in obese 
people, demonstrating a similar improvement with the two exercise modes. 
However, the effectiveness on other cardio-metabolic risk factors (blood pressure, 
glycaemia, blood lipid levels) were not documented, and only one study used a 
nutritional intervention.
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3.1	 �Physical Properties of Water

The physical features of water can be exploited to overcome the limitations to exer-
cise on land. Most biological effects of immersion are related to the fundamental 
principles of hydrodynamics. The essential physical properties of water of interest 
are the following [28]:

Density: according to the Archimedes’ principle, an obese patient has a greater 
vertical thrust than a normal-weight person [28]. The body’s density is slightly less 
than that of water and averages a specific gravity of 0.974, with men higher than 
women. Lean body mass, which includes bone, muscle, connective tissue and 
organs, has a typical density of 1.1, whereas fat mass has a density of about 0.9.

Hydrostatic pressure: directly proportional to liquid density and immersion 
depth. Water exerts a pressure of 1 mm Hg/1.36 cm of water depth. An individual 
immersed in a depth of 120 cm is subjected to a force of 88.9 mm Hg, slightly 
greater than the normal diastolic blood pressure. Hydrostatic pressure reduces 
oedema in an injured body part and increases the venous return and the stroke vol-
ume with a reduction in total peripheral resistance [28]. Hormonal effects include 
alteration of renin-angiotensin aldosterone leading to diuresis, kaliuresis and natri-
uresis. Also, insulin sensibility can be improved because angiotensin II can down-
regulate the insulin resistance in skeletal muscle [30].

Buoyancy: an individual reaches floating equilibrium when 97% of his total body 
volume is submerged. Immersion to the waist provides a 40% offload of body 
weight, which becomes 60% at xiphoid level.

Viscosity: the magnitude of internal friction specific to a fluid during motion. A 
limb moving in water is subjected to the resistive effects of the fluid. Under turbu-
lent flow conditions, this resistance increases as a log function of velocity. Resistance 
increases as more force is exerted, then dropping to 0 almost immediately after ces-
sation of force. Thus, when a person ceases the movement because of pain, force 
suddenly drops as water viscosity damps the movement almost instantaneously. 
This allows enhanced control of strengthening activities within the patient’s com-
fort range [28].

Thermodynamics: the therapeutic utility of water depends greatly on both its 
ability to retain and transfer heat or cold. Water is an efficient conductor, transfer-
ring heat 25 times faster than air. This makes the use of water in rehabilitation very 
versatile because water retains heat or cold while delivering it easily to the 
immersed body part. Water may be used therapeutically over a wide range of tem-
peratures. Cold is often used in athletic training at temperatures of 10–15 °C to 
produce a decrease in muscle pain and speed recovery from overuse injury [5, 30]. 
Heat transfer begins immediately on immersion, and as the heat capacity of the 
human body is less than that of water (0.83 vs. 1.00), the body equilibrates faster 
than water does [28].

Body weight support (BWS): water offers a protective environment for obese 
individuals because of the buoyancy effects of immersion, which minimizes the risk 
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of joint injury and creates a weight-assistant environment [17, 28], recommended 
by the Osteoarthritis Research Society International (OARSI), the American College 
of Rheumatology (ACR) and the European League Against Rheumatism (EULAR) 
as a principal non-pharmacological treatment of osteoarthritis and musculoskeletal 
disorder [5]. With body weight reduced, the individual can exercise vigorously and 
is capable of producing increases in VO2max over relatively short periods. On land, 
aerobic exercise performed for long enough to produce conditioning is sometimes 
difficult to achieve. A training program that progresses from water to land as 
strength, endurance and tolerance build up may represent a more effective method 
of achieving conditioning and weight loss [28]. Unloading conditions alternative to 
water, like body weight support treadmills [32] or robot-assisted equipment [37], 
are also effective but present with very high costs.

In summary, the aquatic environment is different from land because of higher 
resistance to movement, “isokinetic” muscle contractions (maximal strength exerted 
throughout the range of movement, muscle contraction at consistent velocity), bal-
ance variations, due to a reduced plantar support, which stimulate control on the 
body centre of mass, and altered motor schema. As for the latter, the main factor, 
opposite to land-based exercise, is represented by Archimedes’ force: in a subject 
running on the spot underwater, the main action is pushing the foot downwards 
rather than flexing the knees. Once the motor schema adapts to the water environ-
ment, work intensities higher than on land can be reached [38].

3.2	 �Pool Characteristics

According to the guidelines of the Aquatic Exercise Association (AEA), fitness 
goals should be pursued in water at 28–30 °C. Temperatures above 32 °C are rec-
ommended for passive work, relaxation techniques or for individuals with low 
movement levels, but not for aerobic or strength exercises. In cases of patients 
with low aquatic abilities, the Arthritis Foundation Guidelines suggest a superior 
limit range of water temperature of 31 °C [5]. Air temperature should not exceed 
85° Fahrenheit (USA Swimming 2017). Indoor pool air humidity is in the range 
of 50–60% [11]. A section of the pool with a depth of 3.5–4.5  ft. (1–1.4 m) is 
considered ideal for most shallow-water programs [11]. The weight support is 
90% of the body weight if the water reaches the neck and 50% if water reaches the 
hip [11]. Most public and competitive pools operate in the range of 27–29 °C, 
which is often too cool for general rehabilitative populations, because these popu-
lations are usually less active in water. Therapy pools operate in the range of 
33.5–35.5 °C, which allows lengthy immersions and exercise activities sufficient 
to produce therapeutic effects without chilling or overheating. Hot tubs are usu-
ally maintained at 37.5–41 °C, although the latter temperature is rarely comfort-
able for more than a few minutes and even the lower typical temperature does not 
allow for active exercise.
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3.3	 �Prescribing AQE

AQE has broad rehabilitative potential, ranging from the treatment of acute to 
chronic conditions. Because of this clinical adaptability, AQE represents a useful 
means in the rehabilitative toolbox [28]. It has beneficial applications in cardiovas-
cular, cardiopulmonary, respiratory, musculoskeletal, neurological, metabolic, geri-
atric and psychiatric rehabilitation as well as in specific conditions like pregnancy, 
pain and osteoporosis [28]. Also, it does not negatively affect the respiratory system 
[39] and it appears a first choice treatment for lymphedema of the lower limbs [39], 
osteoarthritis and musculoskeletal pain [5], frailty and sarcopenia [33]. An AQE 
program should encompass cardiorespiratory endurance, resistance training and 
flexibility components. Specifically, the program should include the warm-up com-
ponent (thermal warm-up, optional pre-stretch and cardiorespiratory warm-up, 
5–15 min), the conditioning phase (depending on participant ability and experience, 
fitness status, needs and goals, water temperature, 20–120 min) and the cool-down 
component (5–15 min) [11]. Significant effects on cardiorespiratory adaptations of 
healthy individuals have been shown to occur after 8–12 weeks, three sessions per 
week and an average session duration of 60 min [40, 41].

Weight loss and fat mass loss follow a dose-response activity [7]. To maximize 
weight loss, ACSM suggests more than 250 min of moderate activity/weekly and 
up to 60 min moderate exercise/daily on land [4]. AQE allows to increase work 
load minimizing risk of musculoskeletal injuries. Subjects should be first familiar-
ized with water, its viscosity, buoyancy and proprioception in water [42]. Only 
after this phase, underwater equipment can be added to increase exercise intensity. 
Then, frequency, duration and intensity of the exercise should be defined. 
Progression is a key factor: a 1 MET increase (1 MET = 3.5 mL O2 × kg of body 
weight) correlates to a reduction of −7 cm in waist circumference, −5 mm Hg in 
systolic pressure, −88  mg/dL in triglyceridaemia, +7.72  mg/dL in HDL and 
−18 mg/dL in glycaemia [43].

3.4	 �Resistance/Circuit Training

On land, ACSM recommends 2–3 sets of resistance training per exercise, 8–10 rep-
etitions at 60–75% of 1RM. ACSM suggests also for AQE to train from a minimum 
of 2 days/week with combined resistance and endurance training to improve muscle 
mass and reduce fat mass [7]. Resistance training in aquatic circuit training mode 
has been shown a valid strategy to improve fitness [5, 33], resting metabolic rate, 
metabolic responses and mitochondrial genesis [7, 8].

Resistance in water (or “drag”) is expressed by the formula: Resistance 
(Newton) = 1/2ρtCXV2At, where ρt = density of the fluid (kg/m3), CX = coefficient 
of friction, V = velocity (m/s) and At = projection of the frontal surface (m2) com-
bined of the limbs (and mobile parts of the bike) [38]. AQE professionals can 
increase or decrease intensity using inertia, acceleration, action/reaction, drag 
forces, buoyancy, levers and frontal resistance [11]. They can also use commercially 
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available water equipment (see below), where the following parameters can be var-
ied: movement velocity, size of water equipment, limb’s lever arm, hydrodynamic 
position of the moving segment and equipment.

Swimming gloves or rubber dumbbells and ankle cuffs are particularly suited for 
patients who suffer from hand osteoarthritis and are unable to hold other accessories 
such as dumbbells or barbells. Made of neoprene, the handheld gloves enhance the 
support surface of the hands and allow the upper body to work more effectively.

 

Swimming training fins are useful for backstroke swimming and core exercise 
with backstroke legs from semi-seated position.

 

Superior belt favours floating during the execution of exercises which do not 
require plantar loading.

 

Aquatic trampoline trains balance and proprioceptive capacity, strengthens the 
lower limbs and has a draining effect on lower limb oedema. Compared to its 
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land-based equivalent, it provides resistance during the downward push and a 
rebound effect with an accelerated upward phase. It can be used to treat patients 
with lymphedema [39].

 

Acquapole is a versatile resistance training equipment. It allows progression of 
loading, depending on the distance from the upper end to the water surface. The 
deeper the immersion in water, the less the fatigue in exertions in the sagittal plane 
(i.e. traction) perceived.
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Handrail is a very adaptable water handrail.

 

3.5	 �Aerobic Training

Different models of underwater bikes are available. Some have flaps on the pedals 
or other mechanical systems to increase resistance. Seats adapted for overweight 
patients are available.

Water treadmills are usually mechanical with a set of inclination. Some models 
have a belt and others independent bushings on cylindrical axes forming the inclined 
plane. Belt treadmills can be made of rubber or tracks (Fig. 3.1). Water shoes are 
recommended, especially in the latter types of treadmills. For high BMI values, 
treadmills with rubber belt may not be adequate. All of the aforementioned equip-
ment cannot measure the mechanical load imposed.

Patients with sedentary habits and no familiarity with physical exercise may feel 
that AQE affect motor schema. Hence, in those cases, a sensible approach to AQE 
could be with bike and treadmill first.

Examples of all water exercises are described in the video material accompany-
ing this chapter as Electronic Supplementary Material (Courtesy of www.vat-acad-
emy.it).
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3.6	 �High-Intensity Interval Training (HIIT)

HIIT is characterized by explosive, intermittent bouts of vigorous activity with rest 
or lower-intensity activity in between. The variables in a HIIT protocol are duration, 
intensity, rest, workout modality, number of repetitions, number of sets and rest 
between sets. HIIT has been shown to provide larger improvements in performance 
capacity than traditional training [44–46]. Burgomaster et al. [47] and Gibala et al. 
[48, 49] demonstrated that a 2-week HIIT can increase oxidative capacity of the 
skeletal muscle, glycogen content at rest, systemic lipid oxidation capacity, vascular 
function, performance as measured by a “time-to-exhaustion” test and maximal 
oxygen uptake and reduce lactate production during exercise [47, 48, 50, 51]. A 
12-week HIIT significantly reduced abdominal subcutaneous and visceral fat tissue 
and increased fat-free mass in obese subjects [52]. Growth hormone, which yields a 
distinct lipolytic capacity, was found markedly increased after only 1 HIIT session, 
with marked reduction in long-term plasmatic cortisol [53].

Most of the adult population fails to adhere to the physical activity guidelines due 
to lack of time [54]. Timewise, HIIT could be a valid solution compared to prolonged 
moderate-intensity steady-state exercise [54]. In patients with obesity, the cardiac out-
put (Q (L/m)) is reduced, leading to reduced oxygenation [55]. In AQE, the increase 
in blood flow to the central regions can reach 700 mL/min. This shift in blood flow 
increases the final diastolic volume and, consequently, the systolic volume. Thus, dur-
ing AQE, both maximal and exercise heart rates are lower than the rates reached on 
land [56]. The increase in cardiac output is also secondary to the increase in stroke 
volume, meaning less cardiac stress and lower oxygen demand [57].

Fig. 3.1  Different belt types: rubber, independent rollers, tracks
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The short-term low-volume HIIT is a time-efficient strategy to improve body 
composition, muscle oxidative capacity, fasting glucose, triglyceride levels, blood 
pressure and fitness in obese subjects on land [58] and in water [9]. Longer intervals 
(i.e. 120 s) do not seem to provide advantages over continuous exercise for obese 
adults who do not exercise regularly [59].

VO2max and HR values are affected by water. For this reason, when using a 
water bike or treadmill it is more practical and accurate to use the external power 
output (Watt or METs) for planning a correct HIIT. The maximum workload deter-
mined with an incremental test or theoretical HRmax calculated with the aquatic 
formula [9] should be used. Short HIIT protocols based on 15-, 30- or 60-s bouts are 
recommended in obese subjects [9, 49].

Gibala [49] proposed a low-volume protocol for subjects with metabolic disorders 
consisting of 10 × 60 s work bouts at constant intensity of 90% HRmax with 60-s 
recovery, while other HIIT protocols require greater intensities. However, the mini-
mal intensity and training volume needed to potentiate the effect of the stimulus 
adaptation on outcomes such as mitochondrial biogenesis and relevant health mark-
ers is still unclear. For AQE in patient with obesity, HIIT represents the latest novelty: 
with this modality, patients exploit fully the aquatic properties to safely achieve high 
HR ranges, otherwise not reachable on land, with little contraindications.

3.7	 �AQE Protocols

To define an aquatic protocol for patients with obesity we should take into consid-
eration the following factors: age, gender, degree of obesity and comorbid condi-
tions, nutritional state, anthropometrics, attitude to exercise and fitness, aquatic 
ability, training duration, short- and long-term goals and characteristics of the pool. 
The recommended water exercise modalities are summarized in Table 3.1.

3.8	 �Progression of AQE: An Example

•	 Week 1: the first week is explorative with respect to the new environment. The 
exercises should be carried out, through free exploration and guided discovery of 
the physical laws of water. It is very important for the patient to adapt his motor 
and body patterns to the aquatic environment.

•	 Weeks 2–4: aerobic exercise (30-minute exercise with HR monitoring).
•	 Weeks 5–6: implement resistance exercises two sessions per week, 4–6 exercises 

involving large muscle groups per session, 1–2 sets of 8–15 repetitions per exer-
cise. Patients should be monitored with HR and OMNI scale.

•	 Weeks 7–9: add up to six exercises of resistance training and up to three sets of 
8–15 repetitions per exercise.

•	 Weeks 10–14: mix of resistance and aerobic in circuit training (see Table 3.1).
•	 Week 15+: introduce the low-volume HIIT with bouts of 15, 30 and 60 s (see 

Table 3.1) with a progression during the week starting with 5 × 60 s, adding one 
set every week to reach ten sets.
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Table 3.1  The recommended water exercise modalities for resistance, aerobic and high-intensity 
interval training

Frequency Duration Type Equipment
Volume/rest/
intensity

Resistance 
training

≥2–3 
sessions/
week

15–45 min 8–12 exercises/
session 
involving large 
muscle groups 
(also in circuita)

Volume: 2–5 sets 
of 8–15 
repetitions for 
each exercise
Rest time: from 
20 to 120 s, 
depending on 
volume and 
intensity
Intensity: 
prescription of 
effort by using 
OMNI scale 
(score 5–9)

Aerobic 
training

≥2–3 
sessions/
week

Up to 
60 min

Low-intensity 
steady state

Bike, 
treadmill or 
bodyweight

Volume: 
>250 min/week
Intensity: 
60–70% AHRD

HIIT 2–3 
sessions/
week

4–20 min 
depending 
on protocol

Bike, treadmill, 
resistance 
training

Bike, 
treadmill, 
water 
equipment

Volume and 
intensity: 10 
sets × 60 s at 
90% AHRD

aCircuit training performed on land [60] and adapted to water [35]: 2–4 sets of 8–12 exercises at 
60–80% HRmax or 20–40 s of each exercise with 0–30 s rest between exercises performed at maxi-
mum velocity, 3-min rest between sets

3.9	 �Monitoring

The aquatic fitness community has long been aware that HR is lower in water than 
on land while exercising. For this reason, it is important to determine the Aquatic 
Heart Rate Deduction (AHRD) when calculating a target HR for water exercise. 
Environmental condition, medication, caffeine and excessive movement when 
entering the pool can affect rate responses. To determine target HR, 1-min HR while 
standing out of the pool for 3 min and a 1-min HR after being in water for 3 min 
should be measured. The AHRD is calculated by subtracting HR in water from HR 
on land. It is also possible to use a standard deduction (−17 beat/min), but it can 
over- or underestimate HRmax.

(220 − age − aquatic deduction) × desired intensity percentage
To determine the desired intensity percentage, we suggest the following HR 

equations:

	1.	 Peak HR formula by applying AHRD to the traditional peak HR equation (% 
HRmax):
(220 − age − AHRD) × desired intensity percentage
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	2.	 Peak HR formula by applying AHRD to the Karvonen formula:
[(220 − age − RHR(reserved heart rate) − AHRD) × desired intensity percent-
age] + basal heart rate

HR can be used to estimate exercise intensities that coincide with the land-based 
%VO2 max (Table 3.2).

Most literature focuses on assessing the subject’s state before and after the water 
training, using different types of questionnaires, the evaluation of heart rate with 
chest strap [6, 27, 57, 63] or the level of oxygen in the blood with pulse oximetry 
(SaO2) [64]. Measurements pre- and post-activity are used to get generic idea of the 
patient’s condition. This limitation is mainly due the humid environment and to the 
scarce availability of waterproof tools or monitoring equipment leading to risk of 
contamination and electrical accidents [64]. To date, the literature fails to propose a 
continuous monitoring system with wearable sensors applicable to the water envi-
ronment. However, there are some basic systems to monitor activity underwater: 
swim trackers able to monitor the swim activity in terms of laps, meters, times, heart 
rate and calories burned (i.e. Swimmo©). There are commercially available aquatic 
heart rate monitors, also without thoracic belt, like Polar M430 or Vantage 
M. Unfortunately, these systems do not provide information about the kinematic of 
the movements. Technologies based on wearables (Inertial Measurement Unit, 
IMU) or video based (i.e. Kinovea) can add kinematic data. At present, however, 
limitations in data reliability, due to their use underwater, still exist.

Continuous monitoring of physical activity in terms of quality and quantity of 
movements would help assess the objective value of water-based exercises, allow-
ing feedback and monitoring of the patient’s conditions, thus limiting the subjective 
component.

Due to the difficulty in estimating the 1 RM for determining workload in water, 
the Omni-Perceived Exertion Scale for Resistance Exercise [5] can be adopted 
using a score range of 5–7 [7].
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4Nutrition and Exercise

Raffaella Cancello, Elisa Lucchetti, Michele Gobbi, 
and Amelia Brunani

Key Points
•	 A balanced diet (carbohydrates, proteins, lipids) together with proper 

hydration is important in exercise.
•	 A very-high-protein intake does not necessarily improve muscle mass and 

may have adverse effects on calcium homeostasis and some metabolic 
functions.

•	 Leucine is the amino acid residue with major evidence of efficacy in fat-
free mass maintenance.

•	 Fat-free mass decrease during weight loss is affected by multiple factors 
(including level of energy intake, diet composition, duration of dieting, 
sex, age, baseline adiposity, prolonged inactivity).
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4.1	 �Carbohydrates, Proteins, Lipids, and Exercise

A nutrition program should guarantee an adequate energy supply (especially before 
exercise) with an adequate intake of nutrients such as carbohydrates, proteins, and 
lipids (balanced meal) for the maintenance of muscular activity and with a proper 
hydration (water and mineral salts).

In order to perform healthy exercise, it is important to know the energy sources 
to which the muscle draws to be able to contract and then generate strength but 
also the activity of different nutrients. The main substrate oxidized during moder-
ate activity (50–70% VO2max) is represented by carbohydrates, at least in the first 
30 min of activity [1, 2]. Numerous evidences indicate that a high-carbohydrate 
intake is essential for maintaining a good nutritional status during exercise. The 
total content in carbohydrates of an organism is around 350–500  g, almost all 
distributed in the form of glycogen: 70–79% muscle glycogen (250–400 g), 20% 
hepatic glycogen (80–100 g), and less than 1% (2–5 g) circulating glucose [3]. In 
theory, the stocks of carbohydrates in the human body would allow moderate 
exercise for a maximum of 3 h. Muscular fatigue, which prevents the effective 
continuation of exercise, is due to the exhaustion of glycogen stocks in the body. 
Carbohydrate timing can influence postexercise rates of glycogen resynthesis [4, 
5]. Depletion of muscle glycogen induces a strong drive for its own resynthesis. 
Even in the absence of postexercise carbohydrate intake, glycogen synthesis 
occurs at rates of 1–2 mM/kg of wet muscle weight/h, through gluconeogenesis or 
lactate [6, 7]. Recommended daily intakes of carbohydrates are commonly 
reported to be 5–12 g/kg/day, with the upper limit of this range reserved for ath-
letes trained at moderate-high intensities (≥70% VO2max) for more than 12 h/
week [8]. A “glycogen storage threshold” with an average intake of 7–10 g/kg 
body mass of carbohydrates has been established with dose-response studies [9]. 
The timing and the frequency of carbohydrates intake (large meal vs. small 
snacks) does not affect glycogen storage in longer-term recovery, despite differ-
ences in blood glucose and insulin response to be carefully considered in diabetic 
patients [10]. The exact timing of a meal rich in carbohydrates is still a matter of 
debate and under investigation [8].

It was observed that the co-ingestion of less carbohydrates (0.8 g/kg/h) together 
with a little protein amount (0.2–0.4 g/kg/h) in the postexercise can assist glycogen 
repletion and storage and, at the same time, stimulate muscle protein synthesis [11]. 

•	 Nutrition and exercise should be carefully planned in morbidly obese 
patients complicated by diabetes, nonalcoholic fatty liver disease, chronic 
kidney diseases, obstructive sleep apnea, heart failure, and osteoarthrosis 
because in these critical conditions the fat-free mass maintenance is crucial 
to prevent malnutrition and to avoid the worsening of disability.

•	 Sarcopenic obesity is an underestimated problem and should be carefully 
considered in weight loss plans.
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This is particularly important in sarcopenic subjects or in patients affected by obe-
sity during weight loss to counteract the loss of lean/muscular mass. During an 
exercise at 60% of the VO2 max for 1 h, the protein oxidation contributes only for 
the 5% of the total energy expenditure. However, when the stocks of muscle glyco-
gen are reduced, oxidation of proteins can increase to cover 10–15% of total energy 
expenditure with protein consumption and negative effects on performance (espe-
cially in athletes). This protein consumption can be antagonized by adding resis-
tance exercises to the aerobic session. Essentially, dietary protein requirement is 
described as the minimum level of protein necessary to maintain short-term nitro-
gen balance under conditions of controlled energy intake. Physiological protein 
requirements are conventionally defined by studies on nitrogen balance [12]. 
Anabolism can be the cause of additional protein requirements (such as during 
growth and pregnancy or in critically ill patients). Protein requirements or recom-
mendations are usually expressed either in relative terms (g/kg of body weight/day) 
or as a percentage of energy (% of total daily energy). The first estimate of protein 
requirements dates back to the latter half of the nineteenth century with several revi-
sions based on the first nitrogen balance studies [13–15]. Before the Second World 
War, the recommended amount of protein requirements was 1.0  g/kg of body 
weight/day. This value was higher than that recommended later for almost four 
decades, i.e., 0.8 g/kg body weight/day. All of these recommendations are general 
and make no distinction between genders and age groups, which is due to a lack of 
adequate scientific data for each subgroup. Since 1970s the Food and Agriculture 
Organization (FAO) and the World Health Organization (WHO) have determined 
the reference requirements for proteins and essential amino acids in humans as 
operational data for assessing the quality of dietary intake as protein sources and in 
order to prevent and control human malnutrition [16]. Significant progress has been 
made on this issue during recent decades. On one side, consensus on the level of 
protein intake based on the nitrogen balance has been reached, but, on the other, 
reference methods for measuring the need for each essential amino acid remain a 
matter of debate, due to large individual variability. A precise and complete defini-
tion of the nature of the need for nitrogen and amino acids remains difficult to for-
mulate, because of the complexity of the metabolic pathways and the multiple roles 
of amino acids. These compounds are indeed precursors of protein synthesis and of 
many nitrogenous substrate molecules, substrates for energy metabolism and for 
certain amino acids with “signalling” function. Thus, the evaluation of the protein 
requirement and the quality of the protein intake to satisfy this need depends on 
physiological conditions, individual criteria, and criteria chosen to assess the need. 
Finally, the quality of protein intake is mainly assimilated to the facility of absorp-
tion and composition in essential amino acids (EAA), such as leucine, isoleucine, 
valine, lysine, threonine, tryptophan, methionine, phenylalanine, and histidine. 
There is no information on the variability of requirements for individual single 
amino acid residue. Therefore, approximate values have been calculated on the 
assumption that the interindividual coefficient of variation of the requirements for 
amino acids is the same as that for total protein, i.e., 12% [17]. Under certain cir-
cumstances, specific amino acid supplements, such as branched-chain amino acids 
(BCAAs, i.e., leucine, isoleucine, and valine), may improve exercise performance 
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and recovery from exercise as well as the rates of protein synthesis, decreasing the 
rate of protein degradation. BCAA ingestion has been shown to be beneficial during 
aerobic exercise, decreasing the net rate of protein degradation [18] and also during 
exhaustive aerobic exercise, delaying the muscle glycogen depletion [19]. Food-
derived proteins contain approximately 25% of BCAAs. Consuming whey protein 
during the exercise session may represent a natural strategy to avoid BCAA defi-
ciency; however, an attempt should be made to obtain all recommended BCAAs 
from whole food protein sources. Out of the three BCAAs, the amino acid leucine 
appears to play the most significant role in stimulating protein synthesis [20] through 
activation of the mammalian target of rapamycin (mTOR) signaling pathway in 
skeletal muscle cells and other cell types and acting also via two key metabolites: 
α-ketoisocaproate (α-KIC) and β-hydroxy-β-methylbutyrate (HMB) [21]. The rec-
ommended dose of 55 mg leucine/kg/day is optimal in young adults, but this recom-
mendation remains to be confirmed in larger cohorts. At present, the optimal leucine 
intake for older individuals is still undetermined. Based on studies on healthy men, 
leucine doses >500 mg/kg/die may be considered potentially unsafe, due to a tran-
sient increase in plasma ammonia concentrations [22]. Little data exist on the com-
prehensive metabolic effects of large amounts of dietary protein (in the order of 
300–400  g/day). Intakes of this magnitude would result in some degree of pro-
longed hyper-aminoacidemia, hyper-ammonemia, hyper-insulinemia, and hyper-
glucagonemia and some conversion to fat. However, the metabolic and physiological 
consequences of such states are currently unknown. The upper limit of protein 
intake is debated, with many experts advocating levels up to 2.0 g/kg/day to be safe 
without concerns about kidney function [17].

Lipids, especially non-esterified free fatty acids (NEFAs) and triglycerides, are 
oxidized during exercise [23]. During low-intensity aerobic exercises (40–50% 
VO2max), NEFAs contribute to 40% of the supply of energy during the first hour of 
exercise and up to 70% in the following 3–4 h. A more intense muscular exercise 
tends to consume preferentially glucose and to spare NEFAs. The preferential use of 
NEFA with respect to glucose also depends from the level of training: the greater the 
training, the higher the use of NEFAs instead of sugars [24]. For this reason, low-
intensity aerobic exercises are indicated in insulin-dependent diabetic patients because 
they allow a slow and gradual glucose use, thus resulting in a lower risk of hypogly-
cemia and taking advantage of the positive effects of complete NEFA oxidation under 
aerobic conditions. The regulation of the active muscle NEFA uptake can be summa-
rized with a four-step process, consisting of (1) increased energy demand by the con-
tracting muscle, (2) delivery of NEFA to the muscle, (3) transport of NEFA into the 
muscle by fatty acid transporters, and (4) activation of the fatty acids and either oxida-
tion or re-esterification into intracellular lipids then stored into the intramuscular tria-
cylglycerol droplets located next to the mitochondria [25]. Endurance training 
increases the capacity of the muscle to uptake NEFAs. The way to elevate the plasma 
NEFA concentration, which is an important determinant of the active muscle NEFA 
uptake and subsequent oxidation, is still under investigation. Currently, much research 
is focusing on how to induce an increase in fat/NEFA oxidation to improve perfor-
mance, sparing carbohydrates for high-intensity (endurance) exercise.
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4.2	 �Water, Micronutrients and Exercise

From a nutritional point of view, water replenishment is essential during exercise 
and must precede the sense of thirst. Even slight dehydration increases the sense of 
psychophysical fatigue and can trigger dangerous effects [26, 27]. High-intensity 
exercise in athletes and regularly active individuals typically results in dehydration 
that progressively hinders physical performance and mental capacity [28]. A water 
loss of 1–5% of body weight can reduce physical performance, while greater water 
loss can be particularly dangerous (heat stroke, hyperthermia up to convulsions, and 
coma). These effects must be taken into account when replenishing the water under 
high-temperature and high-humidity environmental conditions, in which sweating 
also causes a considerable loss of electrolytes (sodium, potassium, magnesium) 
[28]. It is recommended to drink 300 ml of water (and/or hypo-isotonic saline solu-
tions) 2 h before the exercise session and 250 ml every 20–30 min of exercise to 
constantly hydrate the body when the exercise is prolonged over time. Different 
water amount may depend on type and duration of exercise [29]. Recent evidence 
suggests that the consumption of postexercise deep ocean mineral water may 
improve muscle function and recovery after exercise [30–32].

Establishing a precise daily requirement for micronutrients during exercise is 
difficult, as there is considerable individual variation depending on age, gender, 
body weight, physical activity levels, type of activity, and individual food habits. 
Recommendations for micronutrient intake in the normal diet have been formulated 
from observational studies on healthy populations, along with some detailed nutri-
ent balanced studies associated with particular levels of intake. A balanced and vari-
ous diet rich in raw fruits, vegetables, and cereals guarantees the right intake of 
almost all vitamins, mineral salts, and fibers needed. Interestingly, fruits and vege-
tables rich in antioxidant polyphenols have demonstrated important antagonistic 
effects on oxidative stress and exercise-induced lipid peroxidation [30]. Out of all 
vitamins, vitamins C and E seem to positively influence perception of general 
fatigue and heart rate in adults with obesity performing moderate exercise and fol-
lowing a low-calorie diet [33]. However, there is no clinical work demonstrating a 
clear therapeutic efficacy of vitamin supplementation in humans, as opposed to 
experimental data on rats [34, 35].

4.3	 �Role of Protein and Amino Acids in Fat-Free Mass (FFM) 
Preservation During Weight Loss

The aim of weight loss in obese subjects should be the loss of fat mass (FM) 
excess in the body. However during this process, inevitably and unintentionally, a 
variable proportion of weight loss is fat-free mass (FFM), which includes water 
and muscular mass. The assessments of FFM loss, as a proportion of total weight 
loss, could provide an important measure of the safety of individual weight loss 
methods when treating obesity. However, the point at which the proportional loss 
of FFM is excessive and potentially hazardous is still unclear. FFM loss decrease 
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during weight loss depends on several factors including the induced caloric defi-
cit, its duration, physical activity levels, eventually the type of bariatric surgical 
procedure used, and the magnitude of weight loss over time. The mechanisms 
responsible for the induced decrease in FFM (reduced muscle protein synthesis, 
increased breakdown, or both) have not been extensively clarified [36]. Two stud-
ies evaluating the effect of short-term caloric restriction (~30–40% energy deficit-
day) on the rate of muscle protein synthesis in young and middle-aged men and 
women who were overweight and obese found that calorie restriction decreases 
the postprandial rate of muscle protein synthesis and decreases or does not change 
the basal rate of muscle protein synthesis [37, 38]. On the contrary, moderate 
calorie restriction is able to induce 5–10% weight loss in 4–6 months and increased 
the rate of muscle protein synthesis [39, 40]. The occurring loss of FFM during 
prolonged moderate caloric restriction is therefore mediated by increased muscle 
proteolysis rather than suppressed muscle protein synthesis. Adults require a min-
imum of protein intake of at least 0.66 g/kg/die to maintain nitrogen balance [41]. 
Nitrogen balance depends on nitrogen needed for both the maintenance and, in the 
case of growth, additional protein deposition in newly formed tissues. An average 
value of 70% can be considered for the efficiency of dietary protein utilization, 
whereas this value can vary with factors such as protein quality. Age-related 
changes in protein metabolism, such as the decrease in whole body protein syn-
thesis from 17.4 g/kg/day in newborns to 6.9 g/kg/day in infants and 3.0 g/kg/day 
in adults to 1.9 g/kg/day in the elderly, result in different protein requirements. 
Age-dependent protein requirements imply differing roles of dietary protein in 
different age groups: it appears that in specific age groups higher protein intakes 
mainly affect body composition rather than body weight. In the elderly, a sus-
tained protein intake may attenuate the physiological loss of FFM.  Despite a 
reduction in energy requirements, protein requirements are unaltered in the 
elderly. This results from a decreased protein synthesis and a lower protein absorp-
tion, coinciding with larger protein catabolism. Age-related loss of FFM could be 
viewed as an effect of aging itself, rather than the result of insufficient protein 
intake. However, maintaining protein intake could stimulate muscle protein syn-
thesis which may slow down the loss of FFM also during aging. Compared with 
adults, this means that the relative proportion of protein in the diet should increase 
in order to counteract the unfavorable effects of aging on protein metabolism. 
Information gained from recent reviews strengthens the scientific foundation for 
older overweight and obese adults to consume protein intakes at least at 1.0 g/kg/
day to preserve lean mass as part of a successful weight loss intervention [42]. 
During positive energy balance (or dietary energy excess), inadequate protein 
intake (less than the RDA of 0.8 g/kg/die) results in loss of total body fat-free and 
muscle mass (~0.2–0.5% per week) [36]. The inadequate protein intake during 
energy deficit (such as during low calory diet) may accelerate the decrease in lean 
body mass, including FFM.

The questions is “How much protein is required to elicit improvements in body 
weight management?” Meta-analyses focused on this topic, including short-term 
energy restriction as well as long-term weight maintenance studies, indicate that the 
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amount of protein necessary to promote weight management improving cardio-
metabolic risks lies somewhere in between 1.2 and 1.6 g of protein/kg/day (which 
is an average of 89–119 g protein/day for adult women or 104–138 g protein/day for 
adult men) [43, 44]. However, other evidence suggests that also a lower protein 
amount (0.8 g protein/kg/day) during energy restriction might be sufficient for body 
weight and fat mass losses, whereas higher protein amounts (1.2 g protein/kg/day) 
are required for the preservation of lean mass [45]. To further support a specific 
protein quantity that is required to elicit improvements in weight management, 
Bosse J.D. and Dixon B.M. [45] categorized 25 higher-protein weight loss studies, 
on the basis of those who show successful weight loss, compared with those who 
did not. The change in protein intake (from habitual intake) was compared between 
groups. An average increase in protein consumption of 28.6% beyond habitual pro-
tein intake was needed to elicit significant weight loss [46]. Thus, if habitual protein 
intake in US adults (age range 19–70 years) is, on average, 88 g/day (1.07 g protein/
kg/day), then the addition of only ~25–30 g protein/day (up to 113–118 g/day or 
1.38 g protein/kg/day) would potentially be sufficient to elicit long-term improve-
ments in weight management during weight loss [46].

On the other hand, a very-high-protein intake does not necessarily improve mus-
cle mass amount and could have adverse effects on calcium homeostasis and meta-
bolic functions, especially on glucose metabolism. There are some evidences that 
suggest that high-protein intake is involved in the pathogenesis of insulin resistance 
and type 2 diabetes, such as increasing the acid load [36]. As important as total daily 
protein intake is the distribution of dietary protein intake over day time, because of 
the appearance of a refractory period during which muscle protein synthesis, once 
stimulated by amino acids, cannot be stimulated again (also called “muscle-full” 
phenomenon). Some evidences suggest that a more even distribution of protein 
intake across meals is associated with more appendicular lean body mass than is a 
skewed protein intake (least for breakfast, most at dinner) in free living older adults 
[36]. A moderate, meal-driven approach to daily protein consumption, aware of the 
interplay of protein anabolism, costs, and daily energy consumption, should then be 
considered. High-protein (1.2–1.6 g/kg body weight/die) diet plans used after bariat-
ric surgery are commonly used in order to prevent protein malnutrition, a common 
postoperative observed phenomenon [41]. In bariatric patients, adherence to an 
energy-restricted, relatively high-protein diet is associated with improvement in 
nutritional status; improvements in the feelings of satiety, with body loss; and 
improvement in body composition. Regarding the protein source, the amino acid 
leucine appears to be relevant for maintaining muscle mass [47]. Besides sufficient 
intake of high-quality protein, the strategies to reduce the loss of skeletal muscle 
mass during weight loss must include resistance exercise. Resistance exercise stimu-
lates muscle protein synthesis, which in turn supports muscle mass preservation and 
muscle function. The number of weight loss trials in overweight or obese adults is 
limited, and trials combining resistance exercise with a high-protein diet or daily 
protein redistribution provide scanty and contradictory results. At present, the recom-
mended dietary allowance (RDA) for protein is 0.8 g/kg/day and is age independent, 
while protein requirements of older adults (>65 year) is higher, and recommended 
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protein intake ranges from 1.0 to 1.2 g/kg/day. Specific evidence-based recommen-
dations for obese older adults during weight loss do not exist at present.

Exercise induces a mechanical load of skeletal muscles and bone, the magni-
tude of which varies with the chosen activity and is often viewed as a way to 
reduce FFM loss when dieting. Activities vary in type, amount, and duration, 
making exact estimates of FFM effects difficult. Reported reductions in body fat 
mass with no or small increases in lean tissues (i.e., FFM and skeletal muscle 
mass) without measuring muscle strength or function. The proportion of weight 
loss as lean tissue varies over time and is determined by multiple factors including 
level of energy intake, diet composition, time of dieting, gender, baseline adipos-
ity, inactivity, type and level of added activity, and the subject’s metabolic state or 
the hormonal response. In conclusion, higher-protein diets provide improvements 
in satiety, body weight management, and/or cardio-metabolic risk factors com-
pared with lower-protein diets in obese patients, especially in elderly obese 
patients [47]. Although greater satiety, weight loss, fat mass loss, and/or the pres-
ervation of lean mass is often observed with increased protein consumption, the 
lack of dietary compliance with prescribed diets in free-living adults makes it 
challenging to confirm a sustained protein effect in the long term.

4.4	 �Nutrition and Exercise in Morbidly Obese Patients

In the context of critical illness, evidence suggests that exogenous protein/amino 
acid supplementation has the potential to favorably impact whole body protein 
balance. Whether this translates into the retention of muscle, greater muscle 
strength, and improved survival and physical recovery of critically ill patients 
remains uncertain. Obesity-related diseases are different kinds of severe diseases 
associated with obesity [48]. The sham etiopathogenetic mechanisms that cause 
obesity produce the development of several clinical conditions. For instance, insu-
lin resistance is involved in type 2 diabetes, present in 20.1% of obese patients and 
lipid metabolism alteration in the nonalcoholic fatty liver disease (NADH) in 
25–45% of patients. A combination of mechanisms (endocrine such as adipokines 
from adipose tissue, metabolic such as increased oxidative stress for elevation in 
free radicals, and a state of chronic low-grade inflammation) concur to induce 
hypertension, cardiac and vascular dysfunctions, and heart failure, which increase 
by 41% every 5  kg/m2. Hypertension, type 2 diabetes per se or with diabetic 
nephropathy, protein overload, and adipokine and ectopic lipid accumulation pro-
duce kidney dysfunction (obesity-related glomerulopathy) in 13–33% of obese 
patients [49], reduced respiratory function, a decline in FFM resulting in reduced 
exercise tolerance and peripheral muscle weakness, responsible for chronic 
obstructive pulmonary disease (COPD) and obstructive sleep apnea syndrome 
(OSAS) (incidence of 30–60% in severe obesity). Inflammation and mechanical 
overload due to large fat mass induces joint complications such as osteoarthritis 
(OS): arthrosis of the knee is increased by approximately 15% for each additional 
point of BMI > 27 kg/m2.
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Nutritional and exercise interventions must consider patients with obesity with 
more attention, because, especially when obesity-related diseases are present, main-
taining FFM during weight loss prevents the development of malnutrition or wors-
ening of disability. For this reason, we reported the data available in the literature on 
diet and exercise specifically for those patients.

The Diabetes Prevention Program, which involved 3234 participants with obesity 
and prediabetes, demonstrated that body mass reduction by 7% accompanied by 
regular physical activity (NICE 2012) led to a 58% reduction in type 2 diabetes mor-
bidity [50]. The aim of the intervention was a lowering of blood glucose or glycated 
hemoglobin (HbA1c) levels. Nutritional and lifestyle indications are favorable to a 
moderate weight loss (3–7% of initial body weight) with lower fat intake (20–50 g/
day or <30% total intake and <15% saturated fat), increased fibers, limiting intake of 
carbohydrate (<30%), and physical activity (30–40 min/day or 150 min/week). It has 
also been observed that typical consumption of 3 meals/day (notwithstanding addi-
tional snacking or carbohydrate-containing drinks) means that people can spend 
more than half the day in a postprandial or post-absorptive state [51]. Low-
carbohydrate diets could protect the beta cell by reducing insulin demand. On the 
contrary, beta cell exhaustion might be due to frequent and prolonged episodes of 
hyperglycemia [52]. Exercise training, whether aerobic or resistance training or a 
combination of the two, improves glucose regulation because it enhances skeletal 
muscle glucose uptake using both insulin-dependent and insulin-independent mech-
anisms, and regular exercise results in sustained improvements in insulin sensitivity. 
The aerobic training has been shown to increase skeletal muscle mitochondrial con-
tent and oxidative enzymes, resulting in dramatic improvements in glucose and fatty 
acid oxidation and increased expression of proteins involved in insulin signaling. 
Exercise intensity, volume, and frequency are associated with reductions in HbA1c; 
however, a consensus has not been reached on whether one type of exercise is a better 
determinant than the other [53]. For patients in insulin treatment, dose adjustments 
are often required in preparation to exercise [54] because hypoglycemia is the most 
common adverse event, and it is the greatest barrier to exercise for many patients. A 
number of factors can affect the insulin strategies used for exercise including inten-
sity, duration, and type of activity. In general, the bolus insulin dose should be 
reduced by 25–75%, depending on the duration and intensity of exercise, for activi-
ties that occur in the postprandial. To reduce the risk of hypoglycemia for prolonged 
aerobic exercise well after meal absorption (i.e., 3 or more hours after a meal), basal 
insulin dose reductions are recommended well before (60–90 min) the start of exer-
cise, when possible. In the case of hypoglycaemia, the integration of carbohydrates 
(for example 30–60 g for > 1 h of exercise at ~ 60% of the maximum heart rate = 
120–240 kcal), still remains the simplest management. For anaerobic exercise, 
adjustments in insulin are often not required during the activity, but small bolus insu-
lin corrections may be required after exercise if hyperglycemia ensues.

NAFLD is divided into the histological categories of (1) isolated hepatic steato-
sis and (2) presence of hepatocellular injury with or without fibrosis [55]. Diet and 
exercise are the mainstay treatment: using a variety of interventions, either by diet 
alone or in combination with different exercise prescriptions, a 40% (ranging from 
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20% to 81%) reduction in liver fat was reported. The degree of hepatic fat reduction 
was proportional to the intensity of the lifestyle intervention, and generally a loss of 
at least 3–5% of body weight improves steatosis, but a greater weight loss (up to 
10%) may be needed to improve necro-inflammation [56]. The ideal diet for patients 
with NAFLD has yet to be determined. The Mediterranean diet was compared with 
an isocaloric low-fat, high-carbohydrate diet during a 6-week crossover study and 
was associated with reduced liver fat and improved insulin sensitivity without dif-
ferences in weight loss. A 2-week carbohydrate-restricted diet (<20 g/day of carbo-
hydrates) compared with a reduced calorie diet (range, 1200–1500  kcal/day) 
resulted in similar weight loss between the groups; however, the carbohydrate-
restricted group had a higher percentage reduction in hepatic fat (mean of 55 ± 14%) 
compared with the reduced calorie diet group (mean of 28 ± 23%) (P < 0.001). 
Limited data suggest that aerobic exercise results in greater reduction in hepatic fat 
than does resistance training, and it is suggested that this effect may be independent 
of weight loss. The intensity and duration of exercise appear related to the results 
because it is demonstrated that the highest intensity exercise (>250 min/week −1) 
improved metabolic parameters and significant hepatic fat reduction.

Few guidelines for overweight or obese patients with early chronic kidney dis-
eases (CKDs) suggest caloric restriction under medical control to achieve weight 
loss. Recently, the Australian and New Zealand Nephrology Society [57] recom-
mended a dietary intervention included a calorie-restricted diet (deficit of 500 calo-
ries from the usual diet or a set calorie intake of 740–1410 calories/day) with some 
physical activity. The result was weight reduction and improved outcomes in albu-
minuria and proteinuria in mild to moderate CKDs. It is reported that a reduction of 
3.6 kg/m2 of BMI is associated with a reduction of 1.3 g/day in proteinuria. A low-
protein diet (LPD) of 0.6–0.8  g/kg/day is recommended for the management of 
CKD [58], but there are variability in protein intake depending on CKD stages, and 
average protein intake was 1.04  g/kg·ideal body weight (IBW)/day or 0.81  g/
kg·actual body weight (ABW)/day in those with advanced stages of 
CKD. Implementation of LPD as proper dietary regimen is recommended to retard 
decline of GFR and initiation of dialysis. Guidelines recommend much higher pro-
tein intake (1.2–1.4 g/kg IBW/day) in end-stage renal failure patients treated with 
dialysis. During LPD, close monitoring is necessary for nutritional status to avoid 
malnutrition or protein energy wasting. Given the adequate calorie intake (30–
35  kcal/kg·ABW/day), it is needed to avoid protein catabolism and malnutrition 
under protein restriction ≤0.6  g/kg·ABW/day. In extreme obesity, nutritional 
requirements is difficult to calculate; for practical use, we provide a nutritional body 
weight in patients who are more than 20% of their ideal body weight with this equa-
tion: nutritionalBW = idealBW + (0.25∗(actualBW − idealBW)) also if it lacks of a scien-
tific basis. In relation to CKD stage, protein management is not enough; a striking 
reduction of either phosphate load and/or absorption (vegetal proteins) or salt intake 
is needed (no more than 2  g/day of than 5  g/day of salt unless contraindicated 
because of volume depletion). In a study with Dietary Approaches to Stop 
Hypertension (DASH) diet model (salt intake <5 g/daily and 22% protein intake) in 
conjunction with a 40-min bike ride every other day for 12 weeks, a statistically 
significant reduction was obtained for body weight of 8% with diet alone and 11% 
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with diet and aerobic exercise with a reduction in albuminuria and an improvement 
in eGFR which is augmented by exercise co-intervention [59].

Lifestyle modifications to induce weight loss with diet program, changes in sed-
entary and/or physical activities/exercise along with behavioral procedures (such as 
keeping food and activity logs, goal setting, stimulus control, and managing emo-
tional eating and food cravings) are effective treatments for obese patients with 
OSAS.  More recently, several larger randomized controlled trials, with LCD or 
VLCD, produced an average weight loss with a range from 3% to 18% with 
improvements in AHI ranging from 3 to 62% [60]. The conventional hypocaloric 
diet of 1200–1800 kcal daily leads to modest weight loss; most dramatic weight loss 
in 6 months was registered with very-low-calorie diets (VLCDs), which provide 
fewer than 800  kcal/day [61]. The benefits of Mediterranean diet also seem to 
extend to OSAS, with greater improvement in AHI during rapid eye movement 
sleep at 6 months probably with a mechanism independent of weight loss but related 
to fat redistribution. Furthermore, losing ≥5% of initial weight may be associated 
with improvements in sleep duration and quality. Guidelines recommend also a 
moderate-intensity physical activity of at least 150 min a week or vigorous-intensity 
physical activity for at least 60 min a week as part of a healthy lifestyle.

Although COPD has traditionally been associated with involuntary weight loss, 
malnutrition, and muscle mass depletion, the prevalence in obesity has been reported 
to be between 18 and 54%. Previously systematic meta-analysis showed that nutri-
tional support, mainly in the form of oral nutritional supplements, showed signifi-
cantly greater increases in mean total protein (14.8  g daily) and energy intakes 
(236 kcal daily) that improves anthropometric measures, and grip strength in COPD 
[62]. A low-calorie, high-protein diet coupled with a replacement meal plan and 
dietetic consultations has been reported to improve the dietary quality and eating 
behaviors and muscle mass maintenance [63]. Exercise and high-intensity physical 
activity can support healthy weight loss and improve the frequent coexisted compo-
nents of the metabolic syndrome [64]. Studies have focused on aerobic exercise 
interventions for weight loss using a range of modalities, including walking, sta-
tionary cycling, and elliptical cross trainers, and the evidence seems to support this 
approach. There may be additional gains and other benefits, for example, on body 
composition, muscle strength, and cardiovascular fitness, through the addition of 
high-intensity or resistance exercise.

The role of intensive lifestyle interventions, such as intentional weight loss with 
hypocaloric/low-fat diet and exercise training, in patients with established chronic 
HF has been more studied [65], but specific recommendations for weight manage-
ment did not exist. Advice regarding weight management is difficult because of the 
lack of evidence-based guidelines. Other than restricting sodium intake to <2  g 
daily, there are no specific dietary HF guidelines. Intentional weight loss in a patient 
with coexistent obesity and HF may improve exercise capacity, NYHA classifica-
tion, and quality of life. Body composition may be more important; lean muscle 
mass is a major determinant of cardiorespiratory fitness in HF.  A recent study 
reported that loss of lean mass or sarcopenia was associated with lower muscle 
strength, exercise capacity, and quality of life in patients with HF. Weight loss leads 
to reduction in LV mass and diastolic dysfunction but the mechanism remains 
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unclear [66]. Moderate continuous training is efficient, safe, and well tolerated by 
HF patients, and it is recommended by the Heart Failure Association Guidelines 
[67]. Improvement in exercise capacity of HF patients undergoing continuous aero-
bic exercise training is primarily determined by the total energy expenditure, such 
as the product of training intensity, session duration, session frequency, and pro-
gram duration of the training program. In addition to continuous moderate-intensity 
aerobic training, and also high-intensity and low-intensity interval training models, 
respiratory training and strength training demonstrated efficacy in this setting. It 
became progressively clear that different organ systems, such as the heart, skeletal 
muscle, vascular function, respiratory function, and neurohormonal systems are 
involved in HF disease progression and modulation by exercise training [68]. In 
observational cohort studies, improvements in fitness levels and weight loss on lon-
gitudinal follow-up have been associated with better LV diastolic function and 
favorable LV remodeling phenotypes, as well as lower risk of overall HF.

Clinical guidelines for osteoarthritis (OA) strongly encourage the use of diet, a 
caloric restriction to induce a 10% weight loss, combined with exercise to relieve 
pain and improve function [69]. Although definitions of Mediterranean diet (MD) 
vary, all of them include high consumption of fruit, vegetables, legumes, nuts, seeds, 
and cereals; greater intakes of fish and seafood; moderate consumption of dairy 
products, poultry, and eggs; and frequent, but moderate, intake of red wine and olive 
oil as the main sources of dietary lipids [70]. This diet was associated with better 
quality of life and decreased pain, disability, and depressive symptoms and with a 
significant improvement in knee cartilage as assessed by MRI [71]. MD is rich in 
polyphenols which prevent inflammation and cartilage destruction, resulting in a 
prevention of osteoarthritis-related musculoskeletal inflammation. MD also pro-
duces a lower n-6 to n-3 fatty acid (FA) ratio. Compounds derived from n-3 FA 
decrease gene expression of proteinase cartilage lesions and inflammatory cyto-
kines. Rehabilitation for osteoarthritis (OA) widely includes land- and water-based 
exercise therapy, strength training, self-management and education, biomechanical 
interventions, and participation in regular physical activities. Aerobic physical 
activity and muscle-strengthening exercise may help reduce symptoms and improve 
joint function for hip or knee OA.  The delivery of exercise programs varies by 
amount and magnitude of work (level of resistance, frequency, duration, and pro-
gression), supervision (type, mode of delivery), and setting (home, community/
gym, healthcare setting) [72]. The prescribed exercise program consists of aerobic 
(15 min), resistance-training (20 min), a second aerobic (15 min), and cool-down 
(10 min) phases. Strength training is particularly relevant to offset any loss of mus-
cle and bone mass resulting from weight loss.

4.5	 �Nutrition and Exercise in Obese Patients 
with Sarcopenia

The term “sarcopenia” (composed of the two Greek words “sarco,  meat,” and 
“penia, loss”) was first used in 1989 by Rosemberg [73, 74] to describe the loss of 
muscle mass correlated with aging. Actually the clinical staging of sarcopenia is 
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based on criteria developed by The Working Group on Sarcopenia in Older People 
(EWGSOP2) that represent an update of the original definition and suggests the 
criteria for diagnosis of sarcopenia: (1) low muscle quantity, (2) low muscle strength, 
and (3) low physical performance. When all these conditions are present, the sarco-
penia is severe (Table 4.1) [75].

Sarcopenic obesity (SO) is defined as the coexistence of sarcopenia and obesity 
[76], where sarcopenia is a progressive and generalized skeletal muscle disorder 
that is associated with deterioration in quality of life (QoL), a higher risk of frailty, 
activities of daily living (ADL) disability, instrumental ADL disability, and all-
cause mortality. Sarcopenic obesity is commonly, not exclusively, related to aging. 
In fact, aging is accompanied by a gradual loss of muscle mass (or fat-free mass 
(FFM)) and a parallel increase in fat mass also in normal-weight subjects. In obesity 
a relative increase of fat mass in relation to muscle mass (or FFM) is due to the 
depot of adipose tissue, most importantly in the muscles. Since individuals with 
obesity have a greater quantity of both fat mass and lean mass, they could have a 
“normal” absolute amount of muscle mass and may not appear to be sarcopenic, 
even if their muscle mass is inadequate for their size. Therefore, a greater BMI 
could mask the presence of sarcopenia, and the classic definition of sarcopenia 
could underestimate the real sarcopenic state in overweight and obese subjects. 
Actually, there are no commonly accepted criteria for diagnosis of SO. Muscle mass 
could be measured by different validated techniques, but the diagnosis is not always 
easily available. In clinical practice, more precise nutritional intervention studies 
with protein and amino acid supplementation/redistribution in daily meals when 
dieting, will help to induce a proper weight (mainly fat) loss, with improvement of 
muscle mass in terms of increased lean mass and, more importantly, muscle strength 
and function. There are few validated techniques for measuring muscle strength. 
The handgrip strength measured under standard conditions with a handheld dyna-
mometer is closely related to the muscle power of the lower extremity and the area 
of the calf cross-sectional area. Knee flexion/extension torque can be measured with 
isometric/isokinetic dynamometers suitable for research studies, but their use in 
clinical practice is limited [77]. Muscle function of the lower extremities can be 
assessed also by measuring gait speed or with the timed up-and-go test. Practical 
diagnostic cutoffs for gait speed are considered to be <0.8  m/s [2] or <1.0  m/s. 
Suggested cutoff points for reduced muscle strength measured by handgrip strength 
are <20 kg for women and <30 kg for men [78]. Recent studies identifying the coex-
istence of impaired bone health (osteopenia/osteoporosis), reduced muscle mass or 
strength (sarcopenia), and increased obesity in middle-aged and older women have 
led to the proposal of “osteo-sarcopenic obesity,” but there is insufficient evidence 
to support this clinical condition as a distinct entity [79]. Lifestyle interventions, 

Table 4.1  Clinical staging of sarcopenia (EWGSOP2 criteria)

Staging Muscle mass Muscle strength Muscle function
Pre-sarcopenia ↓ – –

Sarcopenia ↓ ↓ or ↓
Severe sarcopenia ↓ ↓ and ↓
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including calorie restriction and physical activity, are hallmarks of SO treatment 
[80]. Weight loss in younger adults (age 45–65 years) led to a not negligible loss of 
lean mass after calorie restriction (average of 4% reduction), which was partially 
compensated by increasing aerobic activity (2% reduction in lean mass in partici-
pants who had augmented weight loss from aerobic activity, P = 0.05). Unopposed 
diet therapy without exercise in older frail adults ≥65 years with obesity led to a 
marked loss of lean mass at 6 months and 1 year (−3.5 kg and −3.2 kg, respec-
tively), compared to the diet and exercise group, where the loss of lean mass was 
partially mitigated (−1.7 kg and −1.8 kg, respectively). Energy deficits created by 
acute calorie restriction could downregulate muscle protein synthesis and increase 
proteolysis, which contributes to reduced muscle mass. Increased dietary protein 
stimulates muscle protein synthesis, and the association of aerobic exercise, resis-
tance training, and their combination increase muscle protein synthesis in older 
adults despite age-related decreases in anabolic signaling. The source of protein, 
timing of intake, and specific amino acid constituents (e.g., leucine) can also be 
determinants for the increasing muscle mass and strength. In particular, leucine 
supplementation enhances myofibrillar protein synthesis in older men consuming 
lower- and higher-protein diets with and without exercise. Whey protein, a milk-
derived protein, has been shown to be very effective in stimulating postprandial 
muscle protein accretion in older men, which has been ascribed to its fast digestion 
and absorption kinetics and the high leucine content [81]. The PROT-Age group 
recommends 1.0–1.1  g/kg protein/day in divided doses. Dietary protein that is 
derived from animal source products, rather than from plant-based sources, seems 
most effective eliciting muscle protein synthesis. The distribution of protein intake 
throughout the day or pulse feeding at main meals could be beneficial for the stimu-
lation of muscle protein synthesis in patients with SO. Interestingly, a more evenly 
distribution of dietary protein intake, that is, every 3–4 h (the “spread diet”), led to 
a higher protein synthesis rates (25%, p  =  0.003) and is associated with higher 
muscle strength, physical performance, and skeletal muscle mass in older adults. A 
trial of older adults with obesity consisted of a hypocaloric diet with an energy defi-
cit of 500–750 kcal/day on average, 1 g high-quality protein, plus either 60 min of 
progressive aerobic exercise and resistance training or 75–90 min of both aerobic 
exercise and resistance training, 3 times a week. We need further evidence to sup-
port the effect of supplemental protein on functional outcomes in patients with 
SO. High-protein diets consisting of 1.0–1.2 g/kg/day should be prescribed with 
caution to prevent renal dysfunction as evidenced by observational data, as higher 
doses have recently demonstrated no changes in lean mass. Nutritional interven-
tions to prevent and/or alleviate osteo-sarcopenic obesity components include ade-
quate intake of protein (>0.8  g/kg/day), calcium (1200  mg/day), magnesium 
(320 mg/day), and vitamin D (800 IU/day), and increasing consumption of foods 
containing omega-3 PUFAs (1 g/day) and fiber (25 g/day for women). Moderate-
intensity physical activity programs significantly improve physical functioning, 
attenuate intermuscular fat accumulation, and improve muscle quality. Exercise 
prescription should take into account the intensity, volume, frequency, and progres-
sion of training [81]. Aerobic exercise has the potential to improve aerobic capacity 
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by initiating mitochondrial adaptation, enhancing cardiovascular function (e.g., 
increased stroke volume capacity) and increasing the capillary density of the muscle 
tissue. Resistance exercise is currently seen as the most effective exercise strategy 
in order to elicit muscle hypertrophy and to improve muscle function and strength 
in older adults. In an 8-week randomized controlled trial that included 60 sarcope-
nic obese older adults (aged 65–75), it was demonstrated that aerobic exercise sig-
nificantly led to improvements in body fat mass (−0.7 kg, p < 0.05) and visceral fat 
(−6 cm2, p < 0.05), maintaining the skeletal muscle mass (+0.1 kg, p < 0.05), as 
compared to the control group. In the same study, resistance exercise resulted in the 
maintenance of skeletal muscle mass (+0.1  kg, p  <  0.05), decreased fat mass 
(−1.0 kg, p < 0.05), and increased grip strength (3.5 N/kg, p < 0.05), as compared 
to the non-exercise group. There was only one study available on the effects of com-
bined exercise in 139 sarcopenic obese women undergoing 3 months of biweekly, 
60-min combined exercise showing a 17.8% increase (SE: 4.2, p = 0.119) in knee 
extension strength, a significant increase in arm (1.8%, SE: 0.6, p < 0.05) and leg 
muscle mass (2.2, SE: 0.7, p  <  0.05), and a decrease in the total body fat mass 
(−5.5%, SE: 0.9, p < 0.05), compared to the control group. A study of the effects of 
a 12-week program of resistance training in older women (N  =  62, mean age 
68 years; mean BMI 27 kg/m2) found that performing three sets of exercise three 
times a week has beneficial effects on the risk factors for osteo-sarcopenic obesity 
including skeletal muscle mass and strength. Sarcopenia should no longer be con-
sidered as a purely geriatric clinical condition as it occurs also in young adults 
especially when suffering from severe obesity. Therefore it is important to pay 
attention also to the younger age groups with severe obesity in order to prevent 
complications due to the coexistence of obesity and sarcopenia, such as risk of frac-
ture, physical disability, and cardiovascular complications. Further research on 
nutritional aspects and their role in the prevention of muscle mass loss when dieting 
are needed. In particular more precise nutritional intervention studies with protein 
and amino acid supplementation/redistribution in daily meals when dieting will 
help to induce a proper weight (mainly fat) loss, with improvement of muscle mass 
in terms of increased lean mass and, more importantly, muscle strength and 
function.
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5The Role of Specific Motor Control 
Exercises

Dianne E. Andreotti, Sean G. T. Gibbons, 
and Francesco Cantarelli

5.1	 �Motor Control, Pain and Specific Exercises

5.1.1	 �Motor Control

Motor control can be defined as the processing of information by the central ner-
vous system (CNS) to organize the musculoskeletal system for postural control, 
coordinated movements, and actions [1, 2] together with the execution of the 

Key Points
•	 Motor control is necessary for efficiently controlled movement.
•	 Numerous comorbidities associated with obesity can negatively influence 

motor control.
•	 Specific motor control exercises address the different characteristics of 

motor control and can be beneficial for obese patients.
•	 A comprehensive subclassification model and clinical reasoning process is 

essential for correct application of specific motor control exercises.
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movement itself. This complex process relies on the integration of sensory informa-
tion, perception, motor planning, and movement execution. All these processes take 
place at the same time, with many brain areas working in parallel.

Motor control depends on a sensory motor system able to integrate many physi-
ological mechanisms such as vision, vestibular function, tactility, and propriocep-
tion with muscle activity and neurocognitive functions and processing [3, 4]. For 
this integration the CNS is required to constantly manage the continuous bidirec-
tional flow of data between the body and the external environment [5].

We believe that efficient motor control leads to efficiently controlled movement 
that could be seen as the correct amount of muscle activity for the requested task 
with the least amount of conscious effort [6]. In other words, without forgetting that 
there is variability in motor control, a subject demonstrates efficient motor control 
not just when the movement appears correct but also when his/her posture and 
movements are maintained and performed in an easy and automatic way, with a low 
sensation of effort and a high sensation of accuracy and precision. From a clinical 
point of view, motor control is strictly related to the quality with which posture and 
movement are performed. It is assessed through observation of the patient’s specific 
muscle activation and movement strategies that then allow us to interpret how the 
central nervous system is elaborating sensory input and motor output. When observ-
ing and assessing a patient, the following questions are all related to the patient’s 
motor control efficiency: is the alignment of the body regions correct, is the trajec-
tory of the movement ideal, is the movement pattern appropriate for the task, is the 
muscle activity well distributed. When attempting to answer, we are trying to evalu-
ate if the patient has sufficient motor control for the required task or if rehabilitation 
is necessary.

For example, when looking at a person’s trunk in free sitting, we should concen-
trate on the spinal position and the activity of the abdominals and back extensor 
muscles. If the subject’s motor control in this position is efficient for the back, 
ideally we will see a gentle physiological curve of the thoracic spine towards flex-
ion and of the lumbar spine towards extension (avoiding any end of range passive 
positions) with the transition point between one curve and the other located at the 
thoraco-lumbar junction. The shoulders and hips will be aligned on the sagittal 
plane and the line of gravity will fall between the ischial tuberosities. The abdom-
inals and back extensors should be active, to sustain this position, but the muscle 
tone should be homogeneously distributed without a prevalent contraction of the 
abdominals, of the paraspinals, or of the more lateral, longer trunk muscles.

Pain may or may not be present in people demonstrating poor motor control. 
Pain in a body region can provoke alterations in muscle activity [7] and in the way 
a person moves. However, in many situations, especially when considering chronic 
pain of an insidious onset, movement pattern alterations occur first, causing an over-
load of the tissues in that body region that then become symptomatic [8]. For this 
reason we need clinical strategies and indicators to not only assess pain but also 
movement patterns and to assist in evaluating when and if the motor control reha-
bilitation process is effective in modifying provocative postures and/or functional 
movements such as gait, sit to stand, reaching or bending forward.
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5.1.2	 �Specific Motor Control Exercises (SMCE)

Some authors suggest that changing the manner in which a person controls his/her 
body is the main goal in active exercises called motor control exercises [2]. SMCE can 
be considered motor skill training if we consider that motor skill training, also known 
as procedural learning, takes place when the person is asked to practice a motor skill 
(or is asked to contract specific muscles) with the aim to improve or acquire a combi-
nation of motor functions such as muscle contraction, speed, accuracy, and consis-
tency of a movement or movement sequence [9, 10]. When considering active exercise, 
important changes in cortical map reorganization has been documented at the brain 
level only with skill training. The nature of changes seen with strength and endurance 
training is different [11, 12]. For example, in our clinical experience, strength training 
modifies some features of movement but not the movement quality nor does it resolve 
an imbalance between muscle synergists. Motor skill training has the potential to 
change the way a person moves, influencing posture, functional movements, and spe-
cific muscle activation. In other words, motor skill training has the potential to change 
the person’s motor control through sensory motor and cortical changes.

Three categories of SMCE are needed to address the different characteristics of 
motor control, and each category requires specific facilitation strategies to guide the 
patient during the motor control training.

Category 1: Specific motor control stability exercises (SMCSE) are highly spe-
cific isometric contractions of the deep muscles called local stabilizers [13] that 
have been shown to be more specific for translation control [14–16]. The exercises 
aim to bias segmental control and are generally performed using slow, isometric 
contractions controlled through palpation or scanning. The patient is asked to hold 
the contraction for ten seconds and to repeat ten times while breathing normally.

Category 2: Specific movement pattern control exercises (SMPCE) are exercises 
where one joint or region is consciously and easily maintained in a neutral position 
and an adjacent joint or region is independently moved while maintaining normal 
breathing. The exercises are generally performed with slow, low force repetitive 
movements [17, 18] requiring coordination of the muscle activation to avoid co-
contraction rigidity.

Category 3: Specific global muscle imbalance retraining (SGMIR) are exercises 
that specifically bias the more one joint superficial muscles called global stabilizers 
[13] that produce and control movement and are responsible for global stability. The 
patient is asked to maintain an inner range contraction of a specific muscle for ten sec-
onds and to repeat the contraction ten times maintaining normal breathing and without 
fatigue. The exercises can also address the multi-joint superficial muscles called global 
mobilisers [13] if the patient is requested to lengthen the muscle in question.

5.1.3	 �Motor Skill Training

The nature of motor skill training requires a voluntary and therefore cortical control 
of the contraction and/or movement performed. The execution of every exercise is 
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monitored using observation, palpation and, when needed, instrumental support 
(e.g., technologies such as ultrasound). This is to guarantee the quality of the move-
ment or contraction requested since it must be precise to be effective. When the 
patient experiences a low sensation of effort when performing a correct exercise, 
usually a progression in the training can be made by reducing the facilitation and/or 
changing elements within the exercise. Progression of the exercise could be an ele-
ment that facilitates neuroplasticity [19], but it must be made within the correct 
timeframe. In fact, as seen in our clinical practice, an increase in the difficulty of a 
requested task can lead to failure of the rehabilitation if the change is made too early 
and the patient is not ready for it. Success in the rehabilitation is therefore depen-
dent on the ability of the physiotherapist to guide the patient with the specific move-
ment or specific muscle activation pattern and progression.

During the rehabilitation training, the performance is monitored and corrected 
using verbal cues, motor imagery, sensory motor feedback, and manual facilitation. 
For example, to achieve the correct neutral position of the lumbar spine, often the 
patient is facilitated if asked to think of lifting his/her sacrum from below. Clinically 
we frequently see that this leads to a multifidus contraction and the correct execu-
tion of the task. If the patient is asked to simply tilt his pelvis anteriorly, the execu-
tion more often involves a high activation of longissimus and/or iliocostalis leading 
to a global extension of both the lumbar and thoracic spines.

5.1.4	 �Exercise Prescription

The exercises are prescribed based on a comprehensive subclassification model (see 
Table 5.1) and clinical reasoning process. To benefit from SMCE, the patient must 
have mechanical pain, adequate motor skill learning ability, low behavioral issues, 
and low comorbid medical symptoms. To aid the clinical reasoning, the Motor 
Control Abilities Questionnaire (MCAQ) may be used. This is a self-report tool 
which was developed to identify the ability to learn SMCE [21]. The Neuro-
Immune-Cardiometabolic-Endocrine screening tool may be used to identify comor-
bid medical symptoms [22].

The clinical reasoning process has four key aspects. (1) The therapist should match 
a MPC test to the functional activity that aggravates the patient’s symptoms. For 
example, if sit to stand is the aggravating activity for the lumbar spine, the test seen in 
Fig. 5.1 would be used. This tests the patient’s ability to control a neutral lumbar spine 
position during a sit to stand activity. (2) If a patho-anatomical diagnosis is available, 
the anatomical location of this should be within the region of the MPC test and the aim 
of treatment. Control of a referred pain region is less likely to be beneficial. (3) If there 
is a translation control deficit present, specific exercises would be prescribed to con-
trol this. Although SMCPE have the potential to help translation control and related 
symptoms, the only known way to fully rehabilitate a translation deficit is with tar-
geted SMCSE. (4) The underlying cause of the poor motor control must also be 
addressed. Table 5.2 illustrates the most common causes of poor movement patterns 
using leaning forward in standing as an example. These should be addressed concur-
rently or as suitable during the progression of the rehabilitation.

A sample of SMCE, which can be useful for obese patients, is provided below.
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5.2	 �Motor Control and Obesity: Literature 
and Subclassification

5.2.1	 �What Is Different About Adults with Obesity?

Obesity is a multifactorial and complex presentation. There are lifestyle, genetic, 
environmental, social, and cultural factors involved. Obesity is considered a chronic 
low-grade inflammatory disease [24]. It is associated with neuro-immune [25–27], 

Fig. 5.1  A test of the 
patient’s ability to control a 
neutral lumbar spine 
position and flex the hips 
during a sit to stand 
activity

Table 5.2  Examples of common causes of poor MPC: leaning forward in standing

Restrictions to movement Hamstring tightness (and neurodynamic reactivity)
OA of the hip
Obesity

Sensorimotor function Reduced proprioception (vibration)
Neurodevelopmental disorders

Fatigue May be due to reduced proprioception
Loading factors Habitual activities at end-range postures

Altering body position
Longer lever during lifting

Other Over 60 years of age
Weakness
Dual tasking
Muscle tone changes with low-grade inflammation

Ref. [23]
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cardiometabolic dysfunction [28–30], and endocrine dysregulation [31–35]. These 
neuro-immune, cardiometabolic, and endocrine (NICE) factors are directly and 
indirectly associated with numerous comorbidities and their associated symptoms. 
The central and peripheral nervous systems are influenced, which in turn influence 
the motor system. This, along with the morphological changes and associated chal-
lenges, create considerable changes in motor function.

Numerous comorbidities are associated with obesity. They include cardiovascu-
lar disease [36], hypertension, several types of cancer [37], stroke [38], diabetes and 
pre-diabetes [39], gastroesophageal reflux disease [40, 41], cholelithiasis [42], 
obstructive sleep apnea and reduced sleep health [43], and mental health problems 
[38]. Severe obesity has been associated with an increased rate of death from all 
causes and decreased life expectancy. This is regardless of age, smoking, educa-
tional level, geographic region, and physical activity levels [44].

Obesity is also an established risk factor for degenerative joint disease or osteo-
arthritis [37, 45–47], osteoporosis [37], and lower urinary tract symptoms and pel-
vic floor disorders including pelvic organ prolapse, stress urinary incontinence, 
overactive bladder, and fecal incontinence [48, 49].

5.2.2	 �Subclassification

Subclassification is currently recommended to help guide the rehabilitation of neu-
romuscular disorders such as low back pain [50]. This is based on the premise that 
certain therapies are more appropriate for subgroups based on their individual pre-
sentation. In brief, with this approach, patients are placed in groups based on clini-
cal presentation criteria, physical assessment, questionnaires, or investigations. A 
targeted therapy is then created from this profile. A category may be considered a 
subgroup if it identifies a poor prognosis, provides a diagnosis or describes an 
underlying mechanism for the presentation, or predicts a response to therapy [51]. 
Common subclassification categories include behavioral factors (prognosis), pain 
mechanisms (mechanism), movement patterns and spinal control (mechanism), and 
patho-anatomical (diagnosis). Recently neurological factors (motor skill learning 
ability) [52] and comorbid medical symptoms [53] have been added for their ability 
to predict a response to therapy (Table 5.1).

Obesity represents a unique population of neuromusculoskeletal disorders. In 
order to identify if someone is suitable for SMCE, it is important to understand if 
they have the ability to learn the exercises [21] and can respond to the rehabilitation. 
SMCE require more sensory motor and neurocognitive function than general exer-
cise; therefore, some people are unable to learn the exercises [54]. Preliminary work 
suggests that widespread subjective comorbid medical symptoms limit the ability to 
respond to the rehabilitation, despite having learnt the exercises. It is hypothesized 
that the mechanism responsible for this is low-grade inflammation that influences 
muscle tone and/or pain threshold [53].
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5.2.3	 �Subclassification Categories Influencing SMCE

5.2.3.1	 �Behavioral Factors
There is often a stigma associated with obesity and people often have to deal with 
various forms of discrimination and prejudice [55–63]. Body image is one of the 
most common behavioral issues in obesity [64]. Body image may be defined as the 
degree of satisfaction about appearance [65]. It has three categories: cognitive (per-
ception of physical appearance), subjective (satisfaction about appearance), and 
behavioral (avoidance of exposures, anxiety, and discomfort). There is a much 
higher incidence of anxiety and depression in obese subjects compared to normal-
weight subjects [66]. Bipolar is also a common comorbid condition [44]. Behavioral 
factors can have unhelpful effects on motor function. Various behavioral factors 
have been shown to influence muscle tone [67, 68], change movement patterns [69], 
alter the timing of spinal muscles [70], and influence respiratory patterns [71, 72]. 
They are also associated with the presence of primitive reflexes [73] which can 
influence motor function [74].

5.2.3.2	 �Neurological Factors
Obesity is associated with altered brain structure and plasticity [75]. Reduced neu-
rocognitive function has been found over the life span [76–78].

Numerous sensory motor functions are altered in obesity including the percep-
tion of the intensity of peripheral pain [79–81], vibratory sensation and temperature 
[82], sense of satiety [83], gastric motor functions [84], ability to discriminate 
between object weights [85], tactile acuity of the knees [86], and tactility-based 
body part representations [87]. Further, obesity may alter the sensory messages 
from the foot plantar mechanoreceptors [88]. The central processing and/or func-
tion of somatosensory afferents may be altered in obesity. Sensory and motor nerve 
impulses are lower in obesity [89] as well as motor unit activation [90] and muscle 
spindle input to alpha motor neurons. This, in turn, may decrease muscle tone [91]. 
Motor behavior is the output of the sensory integration process which involves the 
individual, the task being carried out, and the environment in which it takes place 
[92, 93]. Obese subjects have reduced postural control [94] and require greater 
attention for control [95]. Clumsiness is commonly reported by obese subjects [96] 
and there is an increased risk of falls [97, 98].

5.2.3.3	 �Motor Function
With the excess mass, the physical body shape is altered in obesity. This alters body 
geometry and the line of gravity which limits the variability of normal movement. 
Given this altered body image, sensory motor changes, and possible central process-
ing influences on obesity, it would be expected that numerous alterations in motor 
behavior would be observed in these subjects. In general, there are limitations to 
overall range of movement, with variable compensations, and movements are per-
formed more slowly [38], especially in antigravity actions [99].
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The effect of obesity is variable across movement tasks [100]; however there are 
some general patterns. There are alterations during sit to stand, [99, 101, 102], trunk 
flexion [37, 94, 103, 104], lifting, reaching [105], and lateral flexion [104].

During gait, speed is slower with a reduced step length, step frequency, shorter 
swing, and longer single and double stance phase [37]. There is increased rearfoot 
motion, with forefoot abduction [106]. Gait characteristics in Class III obesity 
resemble changes in gait following a cerebrovascular accident [107].

There are considerable differences in respiratory function in obese subjects. 
They have a heightened demand for ventilation, an elevated breathing workload, 
respiratory muscle inefficiency, and diminished respiratory compliance [108] and 
capacity [109]. During normal breathing, they tend to have a rapid and shallow 
breathing pattern due to an elevated oxygen consumption [110, 111]. This may have 
widespread implications since the diaphragm has multiple functions. The diaphragm 
provides the largest influence on intra-abdominal pressure and has a role in spinal 
control [15, 112]. The diaphragm’s respiratory function is superimposed on the spi-
nal stabilization function as well as on micturition, defecation, and possibly parturi-
tion. The diaphragm also plays a crucial role in the vascular and lymphatic systems 
and is greatly involved in gastroesophageal functions such as in swallowing and 
emesis and as an anti-reflex barrier [113].

There is general agreement that obese subjects, compared to normal-weight per-
sons, have lower maximal strength when relative body mass is considered although 
there is greater absolute maximum strength [114]. Obesity can affect isometric, 
concentric, and eccentric muscle force [114–116] and is not the same across body 
site and function [115, 116]. This effect is mostly seen in antigravity muscles where 
the greater size acts as a chronic overload stimulus [114].

The differences above were discussed with reference to adults. It should be 
noted that many of these changes have been observed in children and adolescent 
populations. There may also be gender differences and a worsening of certain char-
acteristics based on the magnitude of obesity. However, taken together, these 
changes in motor behavior impact on activities of daily living and quality of life in 
obese subjects. This provides the opportunity for a SMCE intervention to assist 
obese subjects.

5.3	 �Posture, Movement and Obesity: The Clinical Analysis

In obese subjects excess weight imposes abnormal mechanics on body movements 
and provokes standing and sitting postures that are not always biomechanically 
ideal or well controlled. In standing the additional abdominal mass contributes to 
increased lumbar lordosis and anterior pelvic tilt and causes an anterior shift of the 
body center of gravity relative to the ankle joint [97, 117]. To compensate, obese 
subjects tend to lean the upper trunk backwards and flex the thoracic spine. This 
lumbar posture indicates long and inefficient lower abdominal and gluteal muscles 
that are unable to maintain the correct lumbar-pelvic alignment. The posture is 
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sustained by the longer thoracic muscles going from the upper trunk to the pelvis 
such as iliocostalis, longissimus, and external obliques that attempt to maintain sta-
bility between the trunk and the pelvis. Unfortunately these muscles also limit rib-
cage mobility and segmental rotation and extension of the thoracic spine and don’t 
provide deep muscle control and stability for the lumbar spine. As a result, trunk 
lateral flexion and rotation occurs mainly in the lumbar spine increasing the possi-
bility of excessive translation and joint overload that may lead to chronic low back 
pain. This trunk rigidity will also have a negative effect on the fine automatic pos-
tural adjustments needed to maintain postural stability and will limit the posterolat-
eral expansion of the lower ribcage rendering efficient diaphragmatic breathing 
difficult and the apical respiration pattern dominate.

Three common problems seen in obesity can be linked to motor control deficits 
and muscle imbalances due to obese posture: chronic low back pain [104, 118], 
reduction in respiratory capacity [109, 119, 120], and urinary incontinence [121]. 
Mechanisms of respiration, continence, and lumbar stability are intertwined. The 
pelvic floor muscles and the diaphragm not only play an important role in continence 
and breathing, but, together with the transversus abdominis, the deep fibers of lumbar 
multifidus and possibly the psoas major form the deep lumbar cylinder, responsible 
for providing lumbopelvic stability through correct intra-abdominal pressure [122–
124]. These common symptom presentations seen in obese subjects would lead to 
believe that the deep lumbar cylinder is often insufficient and the longer and more 
superficial trunk muscles dominate in their attempt to compensate.

Also in standing, due to the thoracic flexion and the weight and circumference of 
the upper arms, we find the scapulae of obese subjects protracted and depressed and 
the upper limbs rolled anteriorly into medial rotation. The apical breathing pattern 
previously mentioned and the biomechanically disadvantaged position of the scapu-
lae and upper limbs pulls the cervical spine into increased lordosis predisposing the 
patient to mid-cervical translation and shoulder impingement symptoms.

Obese subjects also stand with a wider than normal stance partly due to the cir-
cumference of the thighs and possibly to facilitate balance. In one leg stance, we see 
increased pelvic obliquity [125] indicating poor control of the lumbar pelvic region 
and insufficient gluteal activation. The hips often tend to be in medial rotation, the 
knees in valgus and hyperextension, and the ankles rotated outward in excessive 
plantar flexion and pronation with a collapse of the medial longitudinal arch. In gait, 
push-off at the ankle is inefficient [97] because the mid-foot is not in a stable close-
packed supinated position facilitating the push-off and the plantar flexor muscles 
are unable to generate sufficient force in a lengthened, end-of-range position. Lack 
of stability at the hip and pelvis due to inefficient gluteal muscle activation not only 
promotes incorrect joint loading of the lower limbs and lumbar spine predisposing 
the patient to chronic musculoskeletal pain [126–128] and degenerative changes 
[129, 130] at the lumbar spine, hip, knee, and foot but also has the potential to nega-
tively influence gait speed and postural stability thus increasing the risk of falls and 
injury common to this patient group.

Obese subjects tend to sit in thoracic and lumbar flexion, while the mid-cervical 
spine is often in anterior translation and/or excessive upper cervical extension. 
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The scapulae are again protracted and depressed further loading the cervical spine. 
The lower limbs are in abduction to allow space for the abdominal mass.

5.4	 �Musculoskeletal Rehabilitation in Obesity

The clinical analysis of the typical postures and movement patterns seen in obesity 
suggest some appropriate SMCE for musculoskeletal rehabilitation when the patient 
meets subclassification criteria.

5.4.1	 �Therapeutic Steps

The therapeutic steps required for SMCE are varied and individual for each patient. 
Therefore, the following proposals cannot be considered to be a treatment protocol 
but simply examples of possible exercises to correct common conditions. We would 
like to stress that precision, concentration, and neurocognitive and sensory motor 
requirements are required not only in the specific exercises requested but also dur-
ing the integration into functional movements such as walking, stair climbing, 
reaching, bending, and going from sitting to standing.

Precision control of the exercises is ideally provided through palpation or tech-
nological support such as ultrasound or biofeedback; however, the excess adipose 
tissue in obese subjects makes both difficult, if not impossible, and therefore control 
is somewhat limited compared to what is possible in normal-weight subjects. 
Decreased proprioception and altered body image, if present, will slow rehabilita-
tion progress. However, it is also true that any improvement in posture and in the 
breathing pattern of an obese patient has potential for significant positive change.

During the rehabilitation it is not only important to choose the correct exercises for 
the individual patient but, when necessary, the best facilitation strategy. Motor imag-
ery is ideal and can be assisted by sensory motor strategies such as tactility, position 
changes to alter levers and loads, guided hands-on movement, and especially proprio-
ception. As the rehabilitation progresses and the patient improves, the facilitation that 
was previously needed should be reduced and eventually eliminated.

The exercises should be continued until they can be performed with low effort, 
without facilitation, and can be integrated into functional activities that were previ-
ously difficult and/or provocative. The time required for this is varied depending on 
the underlying mechanisms present including motor skill learning ability deter-
mined by the MCAQ and NICE comorbidities previously diagnosed and, of course, 
the patient’s compliance.

5.4.2	 �Where and How to Start?

A major problem for obese subjects is when the multi-joint superficial muscles 
become dominant to the more proximal segmental muscles altering the trajectory of 
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joint movement, limiting freedom and variety of movement and possibly giving rise 
to joint and tissue overload. Therefore the analysis of the patient’s posture and 
movement patterns and any symptoms present will guide us in our choice of where 
and how to begin.

Proximal stability is essential for correct distal movement and, as in all move-
ment, is dependent on an efficient sensory motor system. It is important to appreci-
ate that movement control is not always a question of strength but of the ability to 
rapidly perceive and adjust muscle activity to changes in load. The perception of 
which muscle is activating, as well as how strong is the activation, is an essential 
part of specific motor control rehabilitation. Strength training is then built on effi-
cient motor control.

5.4.3	 �Lumbar-Pelvic Neutral

A useful starting point for the rehabilitation of obese subjects is the acquisition of 
the lumbar-pelvic neutral position in various positions; lying, sitting, and standing. 
Lumbar-pelvic neutral is the patient’s midrange position between anterior and pos-
terior pelvic tilt where the deep segmental muscles are solicited. As seen in Fig. 5.2, 
the patient, when seated, is asked to anteriorly tilt the pelvis initiating from the 
sacrum and not by extending the thoracic spine. In this way, the contraction of seg-
mental lumbar multifidus is dominant over the long trunk muscles, thus facilitating 
lumbar segmental control and proximal stability. In sitting, obese patients tend to be 
in end-of-range posterior tilt and lumbar flexion, and so the activation of segmental 
lumbar multifidus, internal obliques, and psoas major together with iliacus is a pri-
ority for lumbar-pelvic control. In standing however, they are often in excessive 
anterior tilt, and therefore the internal obliques and gluteus maximus are essential to 
obtain proximal stability and control the neutral lumbar-pelvic position referred to 
as neutral. In standing the patient is asked to posteriorly tilt the pelvis by lifting 
from the pubic bone. The lower abdominal wall should lift and flatten without limit-
ing lower ribcage expansion and thoracic mobility, and the patient should be aware 
of a bilateral gluteal contraction.

The pelvic floor muscles, very often insufficient in obese subjects, represent the 
floor of the deep lumbar cylinder and co-activate with the deep abdominal muscle, 
transversus abdominis, and the diaphragm [122]. Activation of the pelvic floor mus-
cles can facilitate lower abdominal activation. Different commands can be used to 
facilitate the pelvic floor muscles. One example for men is to lift the testicles as if 
walking into a cold lake and women to gently close the anus and then the urethra 
lifting the pelvic floor (Fig. 5.3). The lower abdominal wall should tension.

The neutral lumbar-pelvic position should never be maintained with high load 
co-contraction rigidity and breath holding. Neutral assists postural correction and 
postural control and becomes the starting position for all SMPCE that challenge 
lumbar-pelvic control. The ability to perceive and control neutral should be slowly 
integrated into all daily activities.
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Fig. 5.2  The patient is 
asked to anteriorly tilt the 
pelvis initiating from the 
sacrum and not by 
extending the thoracic 
spine

a

PF

b

PF

Fig. 5.3  Correct voluntary pelvic floor (PF) contraction in a normal-weight subject. (a) Resting 
position of the pelvic floor; (b) the pelvic floor elevates during the contraction

5  The Role of Specific Motor Control Exercises



84

5.4.4	 �Examples of SMCE

Initially the SMCE can begin in positions that provide sensory information to facili-
tate postural control such as inclined sitting, sitting with a back support, or standing 
against a wall. As progress is made, the same exercise can again become challenging 
by eliminating the postural support and decreasing any sensory feedback given by 
hands, towels, or supports. The choice of which exercise to choose is dependent on the 
treatment priority of the patient and his/her ability for motor learning. All exercises 
must be carried out while maintaining lumbar-pelvic neutral and must not be provoca-
tive. Skin creases are often seen in the lumbar and cervical spines possibly indicating 
excessive anterior segmental translation. If the patient’s symptoms correspond to this 
anatomical area, then SMCSE should be added to the treatment prescription.

Exercise 1: Diaphragmatic breathing
Aim: Improve respiratory function

Reduce joint and muscle stress in the cervical region
Starting position: Supine, side lying, or inclined sitting in lumbar-pelvic neutral
Exercise: Breathe in nasally expanding and lifting the lower ribcage 

posterolaterally without lifting the sternum. Continue breathing 
diaphragmatically

Facilitation and/or feedback 
if necessary:

Elastic band, towel, or hands on the lower ribcage to provide 
light resistance increasing sensory input (Fig. 5.4)
Hand on the sternum to control that the sternum does not lift
Hand on the pelvis to control lumbar-pelvic neutral

Fig. 5.4  During the 
diaphragmatic breathing 
exercise, an elastic band, 
towel, or hands are placed 
on the lower ribcage to 
facilitate by providing a 
light resistance to increase 
sensory input
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Fig. 5.5  Place one index 
finger at the sternal notch 
and the other at the xiphoid 
process and extend the 
thoracic spine segmentally 
by lifting the sternum 
without pelvic movement

Exercise 2: Thoracic posture and mobility
Aim: Decrease thoracic and ribcage rigidity

Decrease dominance of long thoracic extensors and improve 
activation of thoracic multifidus

Starting position: Standing or sitting in lumbar-pelvic neutral
Exercise: Place one index finger at the sternal notch and the other at the 

xiphoid process
Lift the sternum by extending the thoracic spine to mid-range 
without altering the lumbar spine or pelvis (Fig. 5.5) (10 
repetitions 10 s) progression—in mid-range thoracic 
extension, rotate only the thoracic spine freely to the left and 
then to the right (10 repetitions) (Fig. 5.6)

Facilitation and/or feedback 
if necessary:

One hand controls the sternal lift while other hand controls 
lumbar-pelvic neutral
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Exercise 3: Lumbar-pelvic control in lying
Aim: Increase lumbar-pelvic control under load of the lower limb

Ensure that hip flexion and rotation can occur independently to 
lumbar-pelvic movements

Starting position: Supine in lumbar-pelvic neutral or inclined lying if supine is poorly 
tolerated

Exercise: Do unilateral hip flexion by sliding one foot up the plinth to the level of 
the opposite knee without hiking or rotating the pelvis and return to the 
starting position (Fig. 5.7). Go only as far as lumbar-pelvic control can 
be maintained. Repeat with the opposite leg (10 repetitions each leg)
Progression—in the flexed position, externally rotate the hip without 
rotating the pelvis (Fig. 5.8). Go only as far as control can be 
maintained. Repeat with the opposite leg (10 repetitions each leg)

Facilitation and/or 
feedback if 
necessary:

Facilitate the sliding movement by placing a firm, slippery surface under 
the legs and a towel under the moving foot
Hands control lumbar-pelvic neutral

Fig. 5.6  Rotate the 
thoracic spine freely while 
maintaining thoracic 
extension, lumbar-pelvic 
neutral, and a 
diaphragmatic breathing 
pattern
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Fig. 5.7  Slide one foot up the plinth to the level of the opposite knee without hiking or rotating 
the pelvis. Go as far as the lumbar-pelvic control can be maintained

Fig. 5.8  Externally rotate 
the hip without rotating the 
pelvis as far as the 
lumbar-pelvic control can 
be maintained
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Fig. 5.9  In preparation for 
walking with lumbar-
pelvic control, shift the 
body weight over one foot 
without altering the 
alignment of the pelvis

Exercise 4: Lumbar-pelvic control in standing
Aim: Correct pelvic obliquity in one leg stance to prepare for walking and stairs
Starting position: Free standing in lumbar-pelvic neutral with the feet in correct alignment 

under the hip joints as much as possible
Exercise: Shift the body weight over one foot without altering the alignment of the 

pelvis and then return to the mid position (Fig. 5.9). Go only as far as 
pelvic control allows. Repeat going to the opposite side (10 repetitions to 
each side)
Progression—shift to one side and then lift the opposite heel (Fig. 5.10)
Shift to one side, lift the opposite foot, and place it on a book
Gradually progress to stair height

Facilitation and/
or feedback if 
necessary:

In lumbar-pelvic neutral, stand against a wall for sensory input to assist 
postural stability
Hands on pelvis to control lumbar-pelvic neutral
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Fig. 5.10  In preparation 
for stair climbing with 
lumbar-pelvic control, shift 
the body weight over one 
foot and then lift the 
opposite heel. Progress to 
placing the foot onto a 
small step

Exercise 5: Bilateral lower limb flexion
Aim: Correct lower limb alignment to improve gait and stair climbing and facilitate 

eccentric and concentric activation of gluteus maximus
Starting 
position:

Free standing or standing against a wall for sensory input to assist postural 
stability with the feet under the hip joints as much as possible

Exercise: Squat, flexing both hips and knees simultaneously while maintaining good 
alignment of the trunk and lower limbs (hip and knee joints in line with the 
second metatarsal) (Fig. 5.11). Return to the starting position. Gluteus 
maximus and medius should remain active during both the eccentric and 
concentric parts of the exercise. Go only as far the alignment remains correct 
and glutei remain active (10 repetitions)
Progression—in one leg standing, without changing the lower limb alignment 
and the gluteus activation, rotate the pelvis in both directions on the flexed 
lower limb (10 repetitions to each side)
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Fig. 5.11  Flex both hips 
and knees simultaneously 
while maintaining good 
alignment of the trunk and 
lower limbs (hip and knee 
joints should remain in line 
with the second metatarsal)

Facilitation 
and/or 
feedback if 
necessary:

Use a laser beam to control the alignment of the lower limb (Fig. 5.12)
Hand on pelvis to control lumbar-pelvic neutral
Hand on gluteus maximus just distal to the ischial tuberosity or gluteus 
medius just cranially and posteriorly to the greater trochanter to control 
activation (Fig. 5.13)
During the progression exercise, an object can be placed just lateral to the 
knee to provide sensory input for the lower limb alignment control
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Fig. 5.12  Palpate gluteus 
maximus just distal to the 
ischial tuberosities

Fig. 5.13  A laser beam 
can be used to control the 
correct alignment of the 
lower limb during flexion 
in functional tasks such as 
stairs or squatting down
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Exercise 6: Sit to stand
Aim: Facilitate a better gluteal contraction and trunk coordination to 

decrease torque at the knees when standing up or sitting down
Starting position: Sitting in lumbar-pelvic neutral on a high stool with feet supported on 

the floor and in correct lower limb alignment. Progress to normal chair 
height

Exercise: Flex the trunk forward at the hips bringing the weight over the feet and 
stand up using a gluteal contraction and not trunk extension. Slowly 
return to the starting position with eccentric gluteal control (10 
repetitions)

Facilitation and/or 
feedback if 
necessary:

Hand on pelvis to control lumbar-pelvic neutral
Palpate gluteus maximus bilaterally, just distal to the ischial 
tuberosities, to control activation throughout the exercise

Exercise 7: Lower limb external rotation
Aim: Facilitate a gluteus medius contraction in inner range to improve pelvic 

control and lower limb alignment
Starting position: side lying in lumbar-pelvic neutral with hips and 
knees flexed

Exercise: Maintain the feet together and lift the upper leg by externally rotating 
the hip to end range without pelvic movement. Slowly return to the 
starting position (10 repetitions 10 s with each leg)

Facilitation and/or 
feedback if 
necessary:

Hand on pelvis to control lumbar-pelvic neutral and pelvic rotation
Palpate gluteus medius just cranially and posteriorly to the greater 
trochanter to ensure a contraction throughout the concentric and 
eccentric movement (Fig. 5.14)

Fig. 5.14  Palpate gluteus 
medius just cranially and 
posteriorly to the greater 
trochanter
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5.5	 Conclusion

Obesity is a complex problem that benefits from multidisciplinary interventions. 
There is a role in obesity for SMCE for various motor function and motor behavior 
issues.
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Ventilation
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The dramatic raising in global obesity prevalence, associated with a growing num-
ber of persons with chronic respiratory diseases, leads to an increase in subjects 
involved in respiratory rehabilitation [1]. In addition, more and more people with 
obesity-related respiratory disorders such as “obesity hypoventilation syndrome” 
and “obstructive sleep apnea syndrome” may be included in rehabilitation programs 
if they are affected by functional limitations [2]. For this kind of patient, respiratory-
rehabilitation-specific interventions including physical exercise, nutrition educa-
tion, weight loss, psychological support, and noninvasive ventilation training are 
recommended [2]. Most literature compares obese with normal-weight subjects and 

Key Points
•	 Ventilation is noticeably affected by fat deposition, which limits move-

ment and function of the diaphragm.
•	 Sleep apnea is a very frequent complaint, involving oxidative capacity and 

therefore weight loss and also engagement in physical activity programs.
•	 Rehabilitation program for obese people with respiratory problems should 

encompass weight loss, aerobic exercise, noninvasive ventilation for 
OSAS, respiratory muscle strengthening and motor control exercises for 
the lumbar-pelvic muscles, and psychological support if dyspnea generates 
apprehension.

•	 Enhancing coordination, on top of strength, of the lumbar-pelvic muscles 
and correcting posture can improve respiratory function.
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obese patients with respiratory disorders recognized as an indication for respira-
tory rehabilitation (e.g., chronic obstructive pulmonary disease, COPD) [3]. 
Obesity per se is not a usual criteria for pulmonary rehabilitation. The main reason 
for that is the not clearly defined impact of obesity on respiratory pathology [3]. 
There are no guidelines explaining what exercises/training should be prescribed to 
an obese patient with respiratory problems [4]. It is common practice to rely on the 
expert’s opinions, based on the physiopathology and the clinical experience [4]. 
Obesity may occur in various respiratory diseases, although many of these are 
associated in the long term with reduced body weight or even cachexia (e.g., 
asthma, cystic fibrosis, interstitial pathologies), and the effect of overweight is not 
mentioned in the most recent systematic reviews on training in different respiratory 
diseases [5–7].

6.1	 �Pathophysiological Changes

Obesity has long been recognized as a negative factor on respiratory function. This 
topic has been studied thoroughly, and there are now clear patterns of how obese 
subjects breathe: they are inclined to breathe rapidly and superficially with an high 
respiratory rate [8–11] and lower tidal volume (Vt) [9–11]. Minute ventilation is 
increased [8, 12, 13]. It is not very clear how patients change their breathing pat-
tern; the increased respiratory rate means that respiratory time is reduced [8]. The 
augmented activity of chest wall receptors or a change in central breathing timing 
could result in reduced inspiratory time [8]. The shortening of expiratory times 
may depend on the increase in expiratory flow rate due to reduced compliance or 
persistent expiratory diaphragm activity [8]. In obesity, the compliance of the 
respiratory system is reduced [14–16]. Whether this depends on the chest wall or 
the lung itself is still controversial in the literature; however, both are likely to 
contribute to lower the compliance of the respiratory system. Due to the reduction 
in lung volumes, the lung may present micro-atelectasis [16]. It is important to 
observe the thoracic cage conformation and how adiposity is distributed [17]; in 
subjects with a high waist-to-hip ratio (WHR) the reduction in compliance may be 
more pronounced [18]. One of the most consistent effects of obesity on lung vol-
umes is the decrease in expiratory reserve volume (ERV) [19–28] which is inversely 
correlated to body mass index (BMI) [19, 24, 26, 28]. There is an equally consis-
tent negative correlation between obesity and functional residual capacity (FRC), 
although the changes are less dramatic than ERV [24, 28, 29]. BMI’s effect on 
residual volume (RV) is modest, with the consequence that FRC’s reduction is 
largely due to ERV’s reduction [13]. If obesity reduces ERV and FRC, we might 
expect a similar effect on total lung capacity (TLC), but TLC is usually not affected 
if patients are not extremely obese [30].

The effect of obesity on lung volumes is attributable to the cranial displacement 
of the diaphragm caused by abdominal fat and viscera [31]. This is supported by 
studies in which the lung volumes were correlated with high WHR values [32].
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Fat deposition has a compression effect on the chest with a lung volume reduc-
tion [31]. Similar mechanisms have been observed measuring lung volumes with 
elastic straps on the chest [33]; fat mass seems to act as an elastic load [34].

With the exception of patients with severe obesity, spirometry is generally not 
characterized by low values of forced expiratory volume in the first second (FEV1) 
and forced vital capacity (FVC). The ratio of FEV1/FVC is conserved [12, 22, 26, 
28, 30].

The airway resistance is usually increased due to the reduced volume of the lung, 
which leads to the collapse of smaller airways [22, 23, 29]. However, there was no 
difference between normal-weight and obese subjects adjusting the airway conduc-
tance for lung volumes [22].

In some cases, obese patients may have normal blood oxygenation [15, 35, 36] 
or may be slightly hypoxemic [12, 21, 26]; a slight hypercapnia can also be found 
in the presence of obesity hypoventilation syndrome [14]. This is probably caused 
by a mismatch of ventilation-perfusion: when the subject is in sitting position [37] 
or supine [38], the pulmonary bases are over-perfused and under-ventilated due to 
the closure of small airways in the gravity-dependent lung area [39].

Gas exchange at diffusing capacity of the lung for carbon monoxide test (DLCO) 
seems to be well preserved in subjects with obesity [15, 25, 39, 40]; factors such as 
high WHR values negatively affect gas exchanges [36].

The spirometric values return to normality after weight loss, and this is proof that 
obesity per se causes these changes [21, 27, 35, 41–43]. Concerning ERV [43], 
FRC, and TLC [21, 27, 35, 41], even modest weight losses lead to significant 
improvements.

Many changes associated with obesity seem to be influenced exactly by fat 
distribution and body composition. Other factors should be considered, apart 
from BMI, such as WHR and [18, 36] fat-free body mass. Interesting is the result 
of a large study showing a linear inverse correlation between WHR, FEV1, and 
FVC [44].

6.2	 �Dyspnea and Exercise Capacity

All these changes lead to dyspnea and intolerance to effort. A fundamental basis for 
respiratory rehabilitation is physical exercise; in fact, it is essential to improve exer-
cise tolerance, exercise dyspnea, fatigue, and activity of daily living (ADL) impair-
ment in subjects with chronic respiratory disease according to the official guidelines 
of the American Thoracic Society and European Respiratory Society [2].

Respiratory rehabilitation provides different types of interventions (e.g., treat-
ment of abnormalities in body composition, pharmacological and non-
pharmacological therapy, education in self-management, psychological support) in 
which physical exercise represents an essential element [4]. It has been observed 
that respiratory rehabilitation improves physical performance in patients with 
chronic respiratory diseases (e.g., COPD), and it has also been suggested in 
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management of the obese subject [4]. However, regular physical exercise in obese 
subjects is difficult to perform due to the association of pathophysiological changes 
in respiratory function. Also, the hypothesis that there is a preexisting impairment 
of physical performance must also be taken into account [3].

Obese patients often refer dyspnea [45], some of them having shortness of breath 
without significant coexisting clinical conditions [46]. In the presence of respiratory 
abnormalities, we should search the cause, but in the absence of a true respiratory 
condition, abnormalities can occur because of deconditioning or obesity per se [4, 
18, 46]. Perception of dyspnea occurs especially during physical activity when the 
demand for ventilation increases; the changes in pulmonary volumes at rest are also 
reflected during exercise [47].

Abdominal fat occludes small airways, resulting in a cranial displacement of the 
diaphragm [48, 49]. It significantly decreases ERV and FRC, forcing obese patients 
to breathe at lower lung volumes [18, 28], although during exercise partial pressure 
of oxygen (PaO2) improves [50], as there is still an increase in tidal volumes that 
helps the recruitment of closed lung areas [51]. The increased work of the inspira-
tory muscles to expand the lungs and chest wall against the fat load [52–54], as well 
as the reduction of compliance of the lung and chest wall [14], can also contribute 
to the increased oxygen cost of breathing during exercise [47, 55, 56] and to the 
characteristic pattern of rapid and shallow breathing [14, 57, 58].

Another consequence of lower lung volumes operating during exercise is the risk 
of developing an expiratory flow limitation, which might conversely increase dys-
pnea [59].

Therefore, the respiratory muscles and their regulation play a fundamental role 
during effort [60] in the generation of dyspnea; drive is increased, while strength is 
reduced [10, 61, 62]. It has been shown that obese subjects yield an increase in 
inspiratory muscle activity during exercise, which predisposes to exercise-dependent 
fatigue of respiratory muscles [62]. Also, fat distribution seems to be a fundamental 
point for the tendency of breathing rapidly and superficially [63] as fat mass can 
reduce diaphragm excursion making it unable to increase the inspired volumes [18]. 
In normal-weight subjects, as in obese subjects under stress, the inspired volume 
and respiratory frequency increase, but the need for more oxygen increases the min-
ute ventilation even more than in normal-weight subjects; therefore, respiratory rate 
increases significantly, but the volumes not so [57, 63, 64].

Another reason for the reduced exercise performance is the increase in dead 
space ventilation, which hinders an adequate ventilation [18].

Rapid and shallow breathing may be an appropriate compensatory response to 
minimize the mechanical effects of elastic loading, which may help to reduce respi-
ratory distress in obese subjects [65, 66], but there is evidence that compensatory 
hyperventilation is insufficient in obese subjects during exercise [67]. Even during 
effort, the respiratory system’s compliance is reduced.

The reduction of compliance, on one hand, from the chest wall due to the adipose 
mass and, on the other hand, from the lung due to the volume reduction with the 
consequent atelectasis overloads the respiratory muscles [14, 17, 18]. Reducing 
compliance, however, means that the respiratory muscles of obese subjects need 
more strength to ventilate the same amount of air.
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As for the relation between dyspnea and respiratory muscles, it appears that the 
subjects presenting dyspnea have higher oxygen costs of breathing with the same 
values at pulmonary tests [55]. In another study with obese patients with similar 
BMI but with different dyspnea perception, it was observed that those with more 
symptoms also had lower values of TLC, FRC, and ERV and higher respiratory 
drive [42].

Other investigations attribute more importance to psychophysiological differ-
ences, independent from respiratory variables and body composition; some subjects 
have increased afferent feedback to the respiratory control center. The threshold for 
awareness generation of respiratory stimulant may be influenced by mood status, 
negative emotions, or past experiences [68].

For a person who has shortness of breath with even mild-to-moderate exercise 
[56], the increase in daily physical activity may be difficult. The adherence to exer-
cise programs in obese patients can be poor for musculoskeletal factors or pain [69]. 
The effects of obesity is even more visible in older age, with consequent impairment 
in daily activities [70, 71].

Obesity has traditionally been associated with a decrease in exercise capacity 
measured by the VO2 peak during cardiorespiratory testing, but studies on healthy 
obese adults show that most of them do not show cardiorespiratory deconditioning 
[49, 72, 73].

A severe limit of obesity in terms of physical performance is the high metabolic 
cost required for a given exercise level. This was demonstrated in weight-supported 
exercise (e.g., cycling), in which energy expenditure per unit of workload was sig-
nificantly increased in obese subjects [64]. These observations imply that obese 
individuals work closer to their maximum performance than normal-weight sub-
jects, both during weight-supported and non-weight-supported exercises, even in 
daily activities that would normally require sub-maximal effort [3]. Obese subjects 
have a higher basal metabolism than normal, so that oxygen consumption during 
exercise is increased at any work rate [40, 57, 58], and even ventilation for a given 
work rate is higher [48, 57, 64, 66, 74, 75], due to the increased metabolic demand 
to move the limbs [76]. Further, if we add the oxygen cost of breathing, the values 
are much higher than in normal subjects [52, 53, 62]. Partial pressure of carbon 
dioxide (PaCO2) remains within the normal limits, while the PaO2 is normal or only 
slightly reduced in the obese subjects; the diffusion of the gasses is slightly altered 
due to the mismatch of the perfusion ventilation due to the occlusion of the small 
airways in the dependent gravity zones [18, 37, 64, 67]. It has been shown that an 
abdominal fat distribution increases the need for oxygen, and in these subjects, the 
anaerobic threshold is lower [63].

6.3	 �Obstructive Sleep Apnea and Noninvasive Ventilation

Obstructive sleep apnea (OSA) is a common disorder: its prevalence in the general 
population is 3–7% for men and 2–5% for women [77]. For obese subjects, the 
percentages are much higher. Patients with OSA, on the other hand, are at risk of 
obesity and vice versa; inadequate sleep and daytime sleepiness predispose to 
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weight gain [78]. OSA is characterized by complete or partial obstruction of the 
airways during sleep, resulting in intermittent hypoxia, hypercapnia, sleep fragmen-
tation and increased sympathetic drive, high blood pressure, and increased cardio-
vascular risk [79].

The occurrence of excessive daytime sleepiness, morning headache, decreased 
libido, attention deficit, decreased concentration, neurocognitive damage, irrita-
bility, and depression is common in subjects with OSA, and work efficiency sig-
nificantly reduced [80, 81]. The apnea-hypopnea index (AHI) measures the 
number of episodes of apnea and hypopnea per hour of monitored sleep and eval-
uates the severity of OSA. Mild, moderate, and severe OSA is defined with an 
AHI between 5 and 15 and 15 and 30 and more than 30 events/h, respectively [75, 
79]. Continuous positive airway pressure (CPAP) (Fig. 6.1) is considered the gold 
standard treatment for moderate-to-severe OSA [82]. OSA is a chronic condition 
that requires a long treatment period. Patient adherence, however, can affect treat-
ment efficacy. For selected patients, surgery or oral appliance treatment may be 
successful [82]. Patients can also benefit from lifestyle changes such as exercise 
and diet control [83].

Physical activity can reduce the severity of OSA by acting on body weight and 
abdominal fat. A 10% decrease in the BMI has been shown to be associated with a 
30% decrease in AHI [84, 85]. It is still necessary to define well the mechanisms by 
which physical exercise attenuates OSA. The beneficial effects of physical exercise 
on OSA patients have long been believed to be related purely to weight loss; how-
ever, experimental and clinical studies have shown that the benefits of exercise are 
independent from weight loss [86, 87]. Low physical exercise levels are often asso-
ciated with OSA’s severity [88, 89]. It is plausible that patients with OSA are not 
motivated to perform exercise either physically or psychologically. The lack of 
physical activity not only increases the chances of OSA, but sleep apnea itself is a 
possible cause for physical inactivity due to drowsiness and daytime fatigue [89]. 
Several studies have shown that treatment with CPAP also has beneficial effects on 
physical activity [90], but other studies have shown that CPAP users do not increase 
the level of exercise significantly despite improvements in quality of life, psycho-
logical well-being, and subjective and objective daytime sleepiness [91, 92]. 
Intolerance to effort in obese subjects with OSAS can be explained not only as a 
combination of factors including respiratory mechanics and drive deficit but also as 

Fig. 6.1  Example of CPAP masks: from left to right, nasal pillow mask, nasal mask, and facial 
mask
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a combination of cardiovascular and muscular cardiovascular factors that affect 
aerobic capacity. In addition to the conventional training program, noninvasive ven-
tilation (NIV) was proposed during training to reduce respiratory work and improve 
exercise tolerance in OSAS subjects with restrictive problems such as obesity [93].

In patients with different respiratory diseases, including restrictive problems [94, 
95], NIV improves exercise capacity. In particular, proportional assist ventilation 
(PAV) is capable of discharging both the resistive and elastic load [96], which in 
obese subjects is known to be important. Furthermore, PAV generates pressures that 
depend on the inspirational demand of the patient [96], making this mode particu-
larly suitable for supporting physical activity. If so, PAV could be considered as a 
new treatment option for enhancing exercise capacity in obese patients and thus 
substantially support weight loss initiation and maintenance.

6.4	 �Posture and Ventilation

Respiratory inefficiency of obese patients is correlated to the weakness of the respi-
ratory muscles. The international guidelines of pulmonary rehabilitation recom-
mend strengthening of the respiratory muscles in order to improve their efficiency 
[2, 97], as the reduced ability to generate inspiratory pressure contributes to both 
intolerance to exercise and perception of dyspnea. Using devices that impose a 
resistive or threshold load is the most common approach to inspiratory muscle train-
ing [98]. We have proposed a different approach to reinforce the respiratory muscles 
in obese subjects [99], as pathophysiology is different from that of COPD subjects. 
The increase in body weight affects posture [100, 101] as the center of mass shifts 
forward [102, 103], and a compensatory posture with lumbar extension occurs to 
maintain the center of mass in the base of support [102–104], causing an imbalance 
between anterior and posterior muscles of the trunk. The muscles of the pelvic cyl-
inder (the diaphragm, transverse abdomen, and pelvic floor) modulate the intra-
abdominal pressure, which is essential for breathing as well as for spinal stability. 
This activity improves the inspiratory action of the diaphragm on the thoracic cage 
by means of two components: the insertion force, which is the force directly applied 
by the diaphragm fibers to the ribs, and the special force or lateral force due to the 
transmission of abdominal pressure to the lower ribs where the diaphragm area is 
located [105, 106]. The appositional diaphragm area (Fig. 6.2) is the anatomical 
region in which the diaphragm overlaps the lower part of the thoracic cage: the 
larger it is, the greater the mechanical efficacy of the respiratory action, with a wider 
movement on the frontal as compared to the sagittal plane [107]. Especially the last 
ribs are raised and externally rotated [108]. If the lumbar-pelvic muscles are active 
during inhalation, the abdominal pressure slightly pushes the diaphragm cranially, 
thus increasing the appositional area and making a larger chest expansion [107].

Intra-abdominal pressure, together with postural control, contributes to load 
reduction on the spine [109–111]. It has been suggested that poor coordination of 
the diaphragm can hinder spinal stability [112] and, conversely, the defective stabil-
ity of the lumbar spine due to poor postural alignment could have a negative effect 
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on respiratory function. It has been shown that spinal stability depends more on 
activating large axial muscles when ventilation demand increases [113]. The result-
ing superficial muscle overactivity can interfere with breathing by inhibiting the 
lumbar-pelvic musculature and decreasing rib cage mobility [114]. The lumbar-
pelvic region requires sensory-motor and cognitive processing to coordinate muscle 
activation [115]. Body perception disturbances can lead to inconsistencies between 
predicted and actual proprioceptive feedback [116], making breath control eco-
nomic and efficient and postural control difficult. It has been shown that the increase 
in adipose tissue influences the cutaneous and proprioceptive receptors resulting in 
a modified representation of the body [115].

In line with the concepts of SmartRehab (see The Motor Control Training chap-
ter), our proposal is to teach our patients how to activate the muscles of the lumbar-
pelvic cylinder while maintaining both breathing and neutral lumbar posture in the 
supine and sitting and standing positions. The neutral position can be defined as the 
position where the head, thorax, and pelvis are aligned with the gravity line without 
significant superficial muscle co-contraction (Fig. 6.3). There is evidence that the 
adoption of neutral lumbar-pelvic positions in a sitting and standing position auto-
matically facilitates deep muscle activity without activating the large superficial 
muscles [117–121].

In a recent study from our group [99], we compared motor control exercises 
(Fig. 6.4) aimed at the lumbar-pelvic cylinder with a traditional protocol for mus-
cle strengthening, in addition to diet and aerobic activity for both groups. Specific 
motor control exercises obtained significant results, improving respiratory param-
eters, such as FVC, maximal voluntary ventilation (MVV), maximal expiratory 
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Fig. 6.2  Diaphragm appositional area
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pressure (MEP), and RV-to-TLC ratio, as well as six minute walking test (6MWT), 
dyspnea in oxygen cost diagram (OCD) scales, and thoracic excursion. Even 
anthropometric parameters improved with respect to the control group in both 
weight loss and WHR, which, as previously reported, is a key factor for respiratory 
parameters.

Fig. 6.3  Example of 
neutral posture and the 
classic attitude with obese 
anterior pelvic tilt

Fig. 6.4  Examples of exercises used in the motor control group: from left to right, diaphragmatic 
respiration, thoracic rotation, and hip and knee flexion in supine
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7Balance Training

Stefano Corna, Elif Kirdi, Cinzia Parisio, 
and Paolo Capodaglio

During everyday life, even to perform a simple motor task, we continuously need to 
counteract gravity. In order to successfully complete this task, we may have to make 
a conscious effort to keep from falling. Balance is the skill required to maintain 
upright posture of the body on a gravitational environment. Dizziness is the com-
mon symptom to describe a difficulty in controlling our balance. It is commonly 

Key Points
•	 Obesity negatively affects balance, but balance exercises are often 

neglected in rehabilitation programs.
•	 Evidence exists that majority of patients with obesity complain of dizzi-

ness, but they seem to underestimate the risk of fall.
•	 Assessment of balance with self-reported measures, clinical scales, or 

static and dynamic posturography is key to quantify unbalance, define 
effective rehabilitation program, and evaluate outcomes.

•	 Considering the increased risk of fall, balance exercises for the patient with 
obesity should be implemented even in the absence of specific balance 
disorders.
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encountered in the general population. Secondary to labyrinth, cardiac, neurologi-
cal, endocrinological, and psychological dysfunctions, dizziness can lead to balance 
disorders with a significant impact on quality of life and ability to work [1] and can 
become permanent [2]. Balance disorders increase risk of falls [3]. A recent review 
[4] reports a lifetime prevalence of dizziness 17–30%. Bisdorff [5] using a more 
analytic survey for vertigo, dizziness, and unsteadiness, resulting from a range of 
vestibular and non-vestibular conditions, found a 1-year prevalence of 48.3%, 
35.6%, and 39.1%, respectively.

Obesity is currently regarded as one of the major health challenges of the devel-
oped world and is a growing concern in developing countries. Large evidence exists 
that obesity negatively affects balance [6], yet little is known about evaluation and 
rehabilitation of balance capacity in the patient with obesity.

7.1	 �Physiology

To move our body around an environment, we exploit a combination of biome-
chanical characteristics, specific sensory inputs, and central nervous system inte-
gration of all these information combined with a feedforward and backward 
control. This complex system produces postural tone, postural stability, and pos-
tural orientation [7]. Postural tone corresponds to the active and passive muscle 
tone of extensor muscles aimed at counteracting gravity. Further biomechanical 
constraints, such as muscle strength and range of motion, also play an important 
role in postural control. Postural stability refers to balance, the condition in which 
the projection of the center of mass (CoM), named center of pressure (CoP), is 
contained within the boundaries of the base of support (BoS). Postural orientation 
is the position of the body segments with respect to each other and the environ-
ment. In order to make a voluntary postural task, we need an integrating multiple 
sensory inputs from the somatosensory, vestibular, and visual systems to determine 
the relative orientation of body segments and position relative to the environment. 
To achieve the desired postural target, we often apply also anticipatory postural 
adjustments and automatic postural responses. Control of limits of stability 
(referred to the area within which a person can move his CoP without changing 
BoS) and verticality (internal representation of the body alignment in space that 
comes from the vestibular otoliths, proprioceptors, and visual system) is an essen-
tial contribution to avoid falls in any postural task.

The visual system allows recognition and detection of orientation and movement 
of objects in the environment. The vestibular system is specialized for the control of 
postural orientation and balance. It can detect both linear and rotational accelerations 
of the head in space. It is involved in balance and motor control as well as in percep-
tion of spatial self-motion [8, 9]. Afferents from the otolith organs (the utricle and 
saccule) and the semicircular canals converge with optokinetic, somatosensory, and 
motor-related signals in the vestibular nuclei, which are reciprocally interconnected 
with the vestibulocerebellar cortex and deep cerebellar nuclei [10]. The reflexes 
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relayed through the vestibular nuclei are strongly involved in balance and movement 
and are grouped into three categories. The vestibulospinal reflex modulates muscle 
tone of the limbs and trunk muscles, the vestibulo-collic reflex is involved in head and 
neck posture and movement, and the vestibulo-ocular reflex regulates the position of 
the eyes in the orbits in order to compensate for movements of the head. Since the 
visual and the vestibular systems are located in the head, they do not provide direct 
information about body orientation in space. This important information comes from 
somatosensors featured all over the body, such as muscle spindles, Golgi tendon 
organs, and cutaneous mechanoreceptor, pressure receptor, and joint receptor.

All inputs are integrated in the central nervous system. The integration of sen-
sory information produces an internal representation of the position and movements 
of the body (kinesthesia). The sensory inputs converge in the spinal cord, vestibular 
nuclei, brainstem, thalamus, and cerebral cortex, allowing their interaction [11]. 
The cerebellum is involved in the control of limb movements, balance, and motor 
learning [12]. An abnormal sensorimotor integration by the cerebellum produces 
ataxia, a discoordination of movements. The basal ganglia are involved in the plan-
ning, initiation, and control of voluntary movements. The basal ganglia have impor-
tant projections to the upper brainstem nuclei which control trunk and proximal 
musculature for balance and gait [13].

To control balance during movement, two other mechanisms are involved: antici-
patory postural adjustments and automatic postural responses. Before or simultane-
ously a voluntary movement, there is time for sensory feedback to elicit postural 
responses. Anticipatory postural adjustments are dependent on predictive, feedfor-
ward control, as the postural muscles are activated prior to or at the same time as the 
muscles, the prime movers for voluntary movement [14, 15]. Automatic postural 
responses are triggered in response to external perturbations to the body and pro-
duce a continuum of strategies that may or may not involve changes in the bases of 
support with a step or reach [16, 17]. Automatic postural responses are ankle strat-
egy, generated in response to small perturbations experienced when standing on a 
firm, wide surface, and hip strategy, generated in response to larger perturbations. 
Different blends of ankle and hip strategies can be used depending on the character-
istics of the perturbation. Stepping is one example of a change in support strategy 
that is used for very large or fast perturbations [18].

More complex is the balance and postural control of the body during gait. It 
involves continuous control of the trunk and body center of mass, primarily in the 
lateral direction and during single limb support [19]. People use preparatory strate-
gies for proper foot placement to initiate walking, increase ground clearance, change 
speed and direction, and stop walking.

The cognitive contributions to balance are also important, which include atten-
tion and psychological factors. In fact, many studies have shown that even quiet 
stance in healthy subjects involves attentional resources because sway increases 
with divided attention. Psychological factors such as fear of falling have also been 
found to associate with poor postural stability, functional decline, decreased quality 
of life, and institutionalization [20, 21].
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7.2	 �Postural Characteristics in the Patient with Obesity

Previous studies have already demonstrated that obesity produces a greater forward 
displacement of the CoP during dynamic balance activities while standing [22]. 
Excessive body weight affects posture linearly with the increase of BMI [6, 23]. The 
center of mass shifts forward, the lumbar lordosis increases together with the pelvic 
forward tilt, and dorsal kyphosis and secondary cervical lordosis become more pro-
nounced. Frequently, internal rotation of the hips, knee valgism, and flat feet coexist 
[24]. The feet tend to splay apart during standing to optimize the center of gravity 
and for stability. Body mass distribution usually shows gender differences (gynoid 
and android shape). Whether shape induces possible gender-specific consequences 
on balance is still controversial. An increased body mass contributes to an increased 
ankle torque (anteroposterior destabilization) in both genders, but the android shape 
involves a greater amount of mass/load over the hips, which could account for the 
increased medial-lateral center of pressure excursion. Also, a different mass distri-
bution has an effect on the center of mass, the imaginary point where we can assume 
the total body mass is concentrated, and the stabilization of its spatial position, 
previously proposed as the goal of postural responses [6]. The relationship between 
dizziness and falls in the obese population is a relatively unexplored but important 
issue, given the prevalence of obesity worldwide.

7.3	 �Assessment of Balance Disorders

Assessment of balance is mandatory in order to measure unbalance, define effective 
rehabilitation program of intervention, and evaluate outcomes. In the last decades, 
several balance tools have been developed. We can divide them in questionnaires, 
clinical scales, and instrumental balance evaluation devices. Often they are also 
utilized for training purposes. Below we report the assessment schema in use for 
patients with obesity.

7.3.1	 �Self-Reported Measures

A recent review [25] describes the Dizziness Handicap Inventory (DHI) as the most 
widely used and accepted self-reported measure for dizziness, translated into four-
teen languages. The DHI was developed to evaluate the self-perceived impairment 
induced by conditions affecting the vestibular system, but it was also utilized in 
geriatric, brain-injured, and multiple sclerosis patients. It includes 25 items with a 
total score ranging between 0 and 100. DHI can be further divided into physical 
(DHI-P, 28 points), functional (DHI-F 36 points), and emotional (DHI-E 36 points) 
sub-scores. The DHI has been reported to have high test-retest reliability (interclass 
correlation coefficient [ICC] 0.72–0.97), internal consistency reliability (Cronbach 
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α = 0.72–0.89), and responsiveness [26, 27]. In a recent paper, we used the DHI 
self-questionnaire tool in an obese population. We demonstrated that in our sample 
(239 subjects), almost 70% of subjects complain dizziness, but they seem to under-
estimate risk of fall due to unsteadiness [28].

7.3.2	 �Clinical Assessment

A considerable number of scales designed to help therapists to identify impaired 
postural control have been completed. To evaluate postural stability in a more func-
tional context, these clinical scales would appear to be more appropriate than simple 
tests of postural stability. The Berg Balance Scale (BBS) [29] is one of the most 
widely used tools for balance assessment [30]. Its psychometric properties have 
been well assessed, and the scale has shown to be a valid and reliable measure of 
balance [31]. However, some important limitations of the BBS have been described, 
such as the need for some rescoring of the rating scale [32], a ceiling effect, and 
relatively low responsiveness [33]. Moreover, dynamic balance (i.e., reacting to a 
perturbation, gait) is unexplored by the BBS.  Recently, a new clinical tool for 
assessing balance impairments has been presented, the Balance Evaluation Systems 
Test (BESTest) [34], and the Mini-BESTest includes important aspects of dynamic 
balance control, such as the capability to react to postural perturbations, to stand on 
a compliant or inclined surface, and to walk while performing a cognitive task. All 
of these features of balance control are known to be important in assessing balance 
disorders in different types of patients and reflect balance challenges during activi-
ties of daily living [35]. See also www.bestest.us for details.

7.3.3	 �Instrumental Evaluation

More sophisticated tools for balance and posture analysis have been developed. 
Generally, they are divided in platforms that analyze balance in the upright posi-
tion and mobile platforms that analyze body reaction to external perturbations, 
besides gait analyses. Also, a combination of them has been developed: the com-
puterized dynamic posturography (EquiTest®, NeuroCom, USA). It is an assess-
ment equipment to objectively measure postural control: it isolates and quantifies 
the functional contributions of different sensory systems (somatosensory, visual 
and vestibular input) and the mechanisms for integrating these sensory inputs for 
maintaining balance. It is a valuable tool for investigating sensory, motor, and cen-
tral adaptive impairments. It can quantify postural strategies to static and dynamic 
perturbations and provides an objective assessment of postural control. However, 
it is also expensive and not portable. Thus, it is intended to complement, not 
replace, existing clinical measures that categorize the mechanisms of balance 
disorders.
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7.4	 �Balance Training and Rehabilitation

7.4.1	 �Customized Training

As already demonstrated by many studies, balance training can improve balance 
and reduce falls [36]. Several approaches are possible. One of these considers nec-
essary to design a customized treatment intervention to address any specific impair-
ment field pointed out by the assessment. In this case, six different aspects of balance 
control are explored:

	1.	 Treatment of biomechanical constraints. It is imperative to address balance prob-
lems including weakness, reduced range of motion, reduced flexibility, and 
improper postural alignment. Most strength training interventions last for at least 
12 weeks [37, 38].

	2.	 Many patients with balance problems show reduced limits of stability as reflected 
by decreased functional reach distance [39] or reduced movement velocity and 
excursion distance measured by limits of stability posturography. Weight-shifting 
exercise training with a balance master has been shown to increase limits of sta-
bility [40].

	3.	 Sensory orientation can be enhanced by habituation and/or compensation. 
Excessive visual motion sensitivity can be habituated by gradually exposing a 
subject to a moving visual surround. Compensation would encourage subjects to 
use alternative sensory information. Several tools such as computerized dynamic 
posturography, optokinetic stimulation, and virtual reality can be used to manip-
ulate visual feedback. Sensory biofeedback is another tool for sensory retraining 
of balance control [41].

	4.	 Training of anticipatory postural adjustments is focused on improving postural 
preparation for transition from one position to another, such as sit-to-stand 
single-leg stance, step initiation, and compensatory forward stepping.

	5.	 Enhance appropriate postural responses to perturbations in order to promote 
proper strategies. For the ankle strategy, postural responses using a broad, stable 
surface and movement at the ankles without movement at the hips or knees 
should be facilitated. For the hip strategy, use narrow surfaces where the ability 
to generate ankle torque is reduced. The stepping strategy is taking the weight off 
the stepping leg during gait initiation and moving the CoM outside the BoS. To 
enhance postural responses, use an unstable support surface such as foam [42] 
and the sudden start or stop of a treadmill [43].

	6.	 Dynamic stability during gait can be enhanced using the speed-dependent tread-
mill, obstacle pathways [44, 45], and walking in different directions and environ-
ments. The use of a dual-task paradigm may also help to make balance a more 
automatic process, as attention must be diverted to the secondary task rather than 
being focused on keeping balance.
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7.4.2	 �Rehabilitation Protocols

Patients with obesity have intrinsically reduced postural stability and balance than 
their normal-weight counterparts. This reduced stability increases linearly with 
BMI. They are at increased risk of falling at any age, even before puberty [46]. 
Although many studies investigated the risk of falling in obese individuals, balance 
exercises in these individuals are often not implemented in the rehabilitation pro-
gram. After conventional rehabilitation with exercises, obese patients improve 
their balance control. Furthermore, they need to perform training to ameliorate 
their balance in everyday life and to avoid risk of falls. Maffiuletti et  al. [47] 
showed that just 4-min of specific balance training incorporated into the physical 
exercise routine improved postural stability in patients with severe obesity. The 
recommended exercise program for patient with obesity is a multicomponent 
90-min exercise program that includes 15-min balance training, 15-min flexibility, 
30-min aerobic exercise, and 30-min high-intensity resistance training [48]. A few 
examples of balance exercises for patients with obesity without specific balance 
problems are shown in the Fig. 7.1.

Often protocols are designed and prescribed only for a specific balance problem. 
For instance, dizziness and unsteadiness, resulting from a range of vestibular and 
non-vestibular conditions, have a high prevalence. Vestibular patients who under-
went a rehabilitation program to avoid movements that can trigger vertigo reported 
no improvement in balance control [49, 50], but evidence exists [51, 52] that 
improvements can be obtained when appropriate rehabilitation protocols were used. 
Rehabilitation training can be based on standard protocol such as the Cawthorne-
Cooksey exercises [53] or vestibular habituation training [54, 55]. The functional 
gain achieved through those exercises supposedly relies on adaptation, that is, mod-
ification of the gain of the relevant vestibulo-oculomotor and vestibule-spinal cir-
cuits [56] and habituation [57, 58], a central process of learning that is independent 
from sensory adaptation and motor fatigue [59]. Cawthorne-Cooksey exercises are 
widely used in dizziness. Recently, a Cochrane review reported moderate to strong 
evidence for patients with peripheral vestibular dysfunction [60]. The exercise pro-
tocol includes training of the eye movement, practicing balance in everyday situa-
tion, practicing head movements that cause dizziness, improving general 
coordination, and encouraging natural unprompted movements (see also www.wsh.
nhs.uk for full explanation of the protocol).

7.4.3	 �Instrumental Rehabilitation

As already mentioned, often instrumental platforms made for balance assessment 
include also the possibility of performing training and rehabilitation programs: from 
the simple visual feedback, where the patient actively moves his CoP following a 
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target on the screen, to more sophisticated moving platforms challenging balance 
control, where the patient has to contrast the platform displacement to avoid fall.

In dizzy patients, we have developed a protocol using a platform continuously 
moving in an anteroposterior direction [61]. This kind of perturbation induces 

a b c d

e

i j k l

f g h

Fig. 7.1  Examples of balance exercises for patients with obesity without any specific vestibular 
disorders. (a) Single-leg standing (eyes open); (b) single-leg standing on foam surface (eyes open); 
(c) heel-to-toe walking on a line; (d) soldier march exercise; (e) foot inversion; (f) foot eversion; 
(g) bilateral heel rise; (h) isolated toe movements; (i) anterior weight shifting; (j) posterior weight 
shifting; (k) right side weight shifting; (l) left side weight shifting
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predictable postural displacements of the legs, trunk, and head; these displace-
ments have to be appropriately counteracted and anticipated [62]. Further, when 
the balance perturbation is provided in a periodic fashion, as in a continuously 
moving platform, subjects can anticipate the appropriate postural adjustment [63]. 
A platform moving according to a sinusoidal program requires subjects to use sen-
sory input both in a feedback and feedforward mode to produce an adequate motor 
output [64]. We compared the effectiveness of vestibular rehabilitation by using 
Cawthorne-Cooksey exercises with instrumental rehabilitation. We demonstrate 
that both Cawthorne-Cooksey and instrumental rehabilitation are effective for 
treating balance disorders of vestibular origin. Improvement affects both control of 
body balance and performance of activities of daily living. The larger decrease in 
body sway and greater improvement of DHI after instrumental rehabilitation sug-
gest that it is more effective than Cawthorne-Cooksey exercises in improving bal-
ance control [65].

7.4.4	 �Vestibular Disorders in the Obese Patients

With regard to rehabilitation of dizziness, very few has been made in obese popula-
tion. To understand if the Cawthorne-Cooksey protocol is effective in obese patients, 
we have made a pilot study (unpublished data) on a sample of 12 vestibular obese 
patients (BMI between 35 and 56 kg/m2). They were evaluated prior and after reha-
bilitation training with Dizziness Handicap Inventory, Mini-BESTest, stabilometry, 
and EquiTest®. Despite the small size of our sample, we found statistical signifi-
cance either in the DHI with a reduction of 14 points of the total score. Also the 
Mini-BESTest demonstrated a significant modification of the score (from prior 
22–26 after treatment). Due to the high variability of the data in the sample, stabi-
lometry failed to demonstrate modifications. Instead, EquiTest® sensory organiza-
tion test (SOT) showed improvement in the more challenging dynamic conditions. 
Also the “composite equilibrium score” showed a significant score increasing from 
63 prior to 72 after rehabilitation. In conclusion, despite their different posture char-
acteristics, obese vestibular patients improve their balance control after conven-
tional rehabilitation with Cawthorne-Cooksey exercises.
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Key Points
•	 Obesity associated with reduced mortality and hemorrhagic transforma-

tion after stroke (“obesity paradox,” probably due to reduction of post-
stroke pro-inflammatory state); however, weight reduction in obese patients 
still recommended for primary stroke prevention.

•	 Functional disability after acute ischemic stroke does not differ signifi-
cantly in obese and normal-weight patients.

•	 No prognostic meaning of BMI after intravenous thrombolysis with regard 
to functional outcome, death, or occurrence of symptomatic intracranial 
hemorrhage.

•	 After orthopedic surgery, increased risk of infections and other, pre-, intra-, 
and postsurgical complications; longer hospital stay; and greater hospital 
costs, but rehabilitation efficiency similar to normal-weight patients.

•	 Multidimensional approach needed for optimal disease management, 
guidelines for rehabilitation in the post-acute patient with obesity are 
needed.
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8.1	 �Stroke

Obesity is an established risk factor for the development of vascular diseases such 
as stroke. A meta-analysis [1] evaluated data from more than 2.2 million partici-
pants to address the relationship between excess body weight and stroke incidence. 
Overweight and obesity were significantly associated with a progressively increas-
ing risk of ischemic stroke. It has been shown that each unit increase of BMI was 
associated with a significant 6% increase in the adjusted relative risk of stroke [2]. 
The association between BMI and risk of ischemic stroke was linear, similar in men 
and women and regardless of race [3, 4].

8.1.1	 �Clinical Outcomes After Stroke

While obesity is an established risk factor for stroke, its influence on clinical out-
come, mortality, and thrombolysis in acute ischemic stroke is still under debate. 
Several studies indicated that overweight and obese patients with heart failure have 
significantly lower mortality rates (both cardiovascular death and all-cause mortal-
ity) as compared to the normal-weight counterparts. The in-hospital mortality for 
patients with decompensated heart failure has been reported to be 10% lower with 
each 5-unit increase in BMI [5]. A meta-analysis of 40 studies involving more than 
250,000 patients with coronary artery disease showed that total and cardiovascular 
mortality was lowest among overweight patients [6]. Meanwhile, many studies sug-
gest better outcomes for obese patients in other diseases or interventions such as 
chronic heart failure, coronary revascularization, chronic kidney disease, rheuma-
toid arthritis, chronic obstructive lung disease, or advanced cancers [7, 8–11]. The 
counterintuitive relationship observed between higher BMI and improved survival 
after stroke has been described as an “obesity paradox” and is seen in other disease 
states such as heart failure and myocardial infarction [12, 13]. Hemorrhagic trans-
formation occurrence after stroke was found to be decreased with obesity [14]. 
Some prospective studies have observed lower mortality after stroke in persons with 
obesity compared with those with normal weight [15], but others have not [16]. The 
obesity paradox seems to exist also in patients with intracerebral hemorrhage: being 
overweight or obese was associated with favorable functional outcome after adjust-
ment for established predictors [17]. Aparicio et al. [18] investigated overweight, 
obesity, and survival after stroke in the Framingham Heart Study, comparing all-
cause mortality in participants stratified by pre-stroke weight. Overweight and 
mildly obese participants had better 10-year survival after ischemic stroke com-
pared with normal-weight participants, even after excluding persons with recent 
pre-stroke weight loss. The authors concluded that there may be unknown protec-
tive factors associated with a moderately increased body weight before stroke. This 
is in line with Doehner [19], who found that overweight and obese patients with 
stroke or TIA have better survival and better combined outcomes of survival and 
nonfatal functional status than patients with BMI of 25 kg/m2. They also found that 
obesity predicted a decreased risk of severe disability. Sun et al. [20] did not find 
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any outcome advantage associated with being overweight or obese at the time of 
experiencing an acute ischemic stroke. The risks of death and functional disability 
in overweight and obese patients did not differ significantly from normal-weight 
patients. However, underweight patients consistently had the worst outcomes after 
ischemic stroke. Although no significant differences of survival and functional were 
found, their results still support the recommendation of current guidelines to strive 
for normal weight after stroke, given the association between weight loss and 
improvements in major cardiovascular risk factors, including dyslipidemia, diabe-
tes, and hypertension. According to a systematic review aiming at assessing the 
clinical outcome of obese patients after stroke and the impact of obesity on acute 
stroke treatment by thrombolysis [1], the results hint to an obesity paradox in stroke 
in terms of higher survival rates and better functional outcome in stroke patients 
with an excess in body weight. From a biological point of view, obesity paradox 
could be explained by the potentially protective effects of adipose tissue, which is 
now increasingly acknowledged as a major endocrine organ. Adipose tissue secretes 
soluble TNF-α receptors and may so neutralize the biologic impact of TNF-α. 
Moreover, obese individuals have increased levels of serum lipid levels which could 
bind and detoxify endotoxin-lipoproteins and consequently block the release of 
inflammatory cytokines. Both mechanisms may impede the poststroke pro-
inflammatory state [21]. Most observational data indicate a survival benefit of obese 
patients after stroke, but a number of methodological concerns exist. Obesity is a 
well-proven independent risk factor for occurrence of stroke, and weight reduction 
in overweight or obese patients is still recommended for primary stroke prevention. 
It is also advisable to stick to the same recommendation in younger patients after 
occurrence of stroke (secondary prevention) with respect to longer life expectancy 
and detrimental cardiovascular effects of obesity over the years.

8.1.2	 �Clinical Outcomes After Intravenous Thrombolysis

There are challenging studies concerning intravenous thrombolysis in stroke and 
obesity. According to the systematic review of Oesch [1], no obesity paradox was 
observed for acute stroke patients treated with intravenous thrombolysis, whereas 
no data were available for intra-arterial thrombolysis or mechanical thrombectomy. 
Sarikaya et al. [22] aimed to compare the clinical outcome and safety after intrave-
nous thrombolysis in obese and nonobese patients with ischemic stroke. They found 
that obesity is an independent predictor of unfavorable clinical outcome and mortal-
ity in acute ischemic stroke treated with intravenous thrombolysis. Gensicke [23], 
in a large study investigating the impact of BMI in intravenous thrombolysis-treated 
stroke patients, reported that BMI had no prognostic meaning with regard to 
3-month functional outcome, death, or occurrence of symptomatic intracranial 
hemorrhage. Funda Bas [24] found that obesity was not to have any significant role 
on clinical course and outcome of patients treated with intravenous recombinant 
tissue-type plasminogen activator. No obesity paradox was observed in patients 
after intravenous thrombolysis; thus there is no need to change the current dosage 

8  The Post-acute Patient



132

scheme of alteplase in obese patients. However, there is still a need for well-designed 
and adequately powered randomized controlled trials assessing the effects of weight 
reduction on stroke occurrence and recurrence in obese patients.

8.1.3	 �Functional Outcomes After Stroke

Despite the volume of research reviewing the relationship between obesity, acute 
medical care outcome, and functional capacity, few data exist concerning the rela-
tionship between obesity and stroke rehabilitation outcome. In fact, the impact of 
obesity on a person undergoing rehabilitation after an acute stroke is still a contro-
versial topic. Several small studies have explored the relationship between BMI and 
rehabilitation after a stroke. Kalichman et  al. [25] studied patients treated for 
3 months. They found that after 12 weeks of rehabilitation, a significant negative 
correlation was present between relative improvement of FIM score and BMI. A 
large study [26] among patients admitted to an acute rehabilitation hospital for 
stroke rehabilitation found that overweight patients had better functional progress 
than did patients in the other weight categories. For 819 patients, BMI was com-
pared with FIM score changes per day (FIM efficiency). After adjusting for age and 
sex, the FIM efficiency differed by BMI: the underweight group had the lowest FIM 
efficiency, followed by the obese and normal-weight subgroups. The overweight 
group had the highest FIM efficiency when compared with the obese subgroup. 
These findings suggested an inverse U-shaped curve, with the worst performance 
among those with the lowest and highest BMIs and the best among those with nor-
mal weight or overweight. According to this relatively large study, among patients 
who had been hospitalized in an acute inpatient rehabilitation facility with a diagno-
sis of acute stroke, the overweight recovered more quickly than the remaining 
groups. Age differed by weight category and was a significant determinant of out-
come. After adjusting for age, the overweight group did better than the other groups. 
Jang et al. [27] examined whether BMI was a predictor of functional independence 
measure (FIM) at 6 months after the ischemic stroke onset while adjusting for stroke 
risk factors and covariates, and stratifying by age group. They found that extreme 
obesity was a predictor of a good 6-month FIM, especially in patients with ischemic 
stroke who were at least 65 years of age.

Padwal et al. [28] found that severe obesity was an independent predictor of total 
length of stay, rehabilitation length of stay, and health expenditures, but not of FIM 
efficiency in 84 severely obese subjects undergoing post-acute rehabilitation in a 
population-based, publically funded rehabilitation center. 62% of those subjects had 
been admitted after orthopedic surgery, 19% after admission for acute medical ill-
ness, and 19% following stroke, brain, or spinal cord injury. Patients with obesity 
experienced increased lengths of stay and incurred in greater hospital costs, but had 
similar rehabilitation efficiency compared to nonobese controls. The findings from 
this study prompt clinicians and decision makers to clarify the reasons for this 
increased length of stay and hospital costs, in order to develop strategies to mitigate 
these effects. The findings of this study also support considering modifying 
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rehabilitation equipment so that traditional components of post-acute rehabilitation 
can be safely delivered in the severely obese (i.e., implementing activities such as 
water-based exercises or whole-body vibration). Multidisciplinary case manage-
ment, with specific attention paid to the challenges and complexities found in 
severely obese subjects, may also help to optimize care and prevent complications 
and setbacks.

8.2	 �Orthopedic Surgery

Obesity is associated with significantly younger age at the time of primary total hip 
arthroplasty (THA) and total knee arthroplasty (TKA) [29].

8.2.1	 �Weight Loss Before Orthopedic Surgery

It has recently become a common accepted practice to encourage weight manage-
ment before orthopedic surgery in morbidly obese subjects. Weight loss could be 
encouraged through pharmacological therapies, restrictive diets, or, in selected 
cases, bariatric surgery before orthopedic surgery. Current data on the efficacy of 
bariatric surgery in reducing risks associated with total joint arthroplasty in the mor-
bidly obese is still controversial and based mostly on retrospective studies [30]. One 
of the largest studies to date by Werner et al. [31] compared more than 11,000 mor-
bidly obese patients who underwent TKA with 219 morbidly obese who had bariat-
ric surgery before their TKA.  The group that had the bariatric surgery first had 
reduced rates of major (OR 0.45) and minor (OR 0.61) complications. But a meta-
analysis of subjects who underwent bariatric surgery before TKA, compared with 
obese control subjects who did not go through bariatric surgery before the arthro-
plasty, found no statistical difference in infections, venous thromboembolism, or 
revision surgery [32]. Thus, considering that obesity increases the risk for periop-
erative complications following orthopedic surgery, especially when BMI exceeds 
40 kg/m2, bariatric surgery before orthopedic surgery could help reduce these risks. 
However, further studies are needed to better evaluate the effect bariatric surgery 
has on orthopedic surgery outcomes and determine the optimal timing for both 
procedures.

8.2.2	 �Preoperative Risks

Obesity-related medical comorbidities should be taken into account when preparing 
for surgery [33]. If there is any history of apnea, the patient should be positioned in 
such a way to minimize the risk of decreased ventilation, avoiding the supine posi-
tion if possible. The presence of arrhythmias and the use of anticoagulants must be 
considered, and special planning must be made to minimize the risk of excessive 
intraoperative bleeding [34]. Diabetic patients also require further preparation as 
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optimal glycemic control is desired to minimize the risk of complications, including 
wound healing and infection [35]. A HbA1c <7% in type 2 diabetes could be a valid 
set point as values above that have shown, for example, an increased risk of retear 
after arthroscopic rotator cuff repair [36].

8.2.3	 �Intraoperative Complications

Most surgical beds have weight limits; thus selection of an appropriate operative 
bed to withstand the weight of the patient is important [33]. Also, the operating team 
must consider that the excess weight will cause pressure on the soft tissue over bony 
structures, and may produce pressure ulcers, especially in procedures exceeding 
2 h, or even nerve injuries. There have been case reports describing lateral femoral 
cutaneous nerve palsy in obese patients after shoulder surgery in the beach chair 
position, due to pannus compression of the nerve [37]. In arthroscopic surgery, bony 
landmarks must be identified in order to guide accurate portal placement and pre-
vent neurovascular injury. However, in the obese patient, excess adipose tissue may 
decrease the ability to palpate these bony landmarks [38]. In addition to this, hip 
arthroscopy in obese patients requires longer instruments and more difficult meth-
ods of hip distraction [39], which may in turn result in decreased precision and more 
complications. Jibodh et al. [40] found that obese patients who underwent THA (84 
obese of 188 patients) had longer mean operative times and higher mean intraopera-
tive blood loss, with a trend toward more complications, but no significant differ-
ence in functional recovery and hospital use.

8.2.4	 �Postoperative Complications

Obesity is a risk factor for deep vein thrombosis (DVT) in the general population 
[41]. Pulmonary hypertension, chronic inflammation, and impaired fibrinolysis 
increase the risk of thrombosis in the patient with obesity, and venous stasis caused 
by limited mobility increases this risk even more [42]. Elevated BMI appears to be 
a minor risk factor for DVT following knee arthroscopy [43]. However, literature is 
lacking in regard to a specific rate following orthopedic surgeries in general. At least 
after hip or knee arthroscopy, no significant increase in asymptomatic or symptom-
atic DVT or pulmonary embolism has been established in the obese population [44]. 
But early mobilization, mechanical prophylaxis, and use of unfractionated heparin 
or low-molecular-weight heparin with weight-based doing should be used to miti-
gate any increased risk [42].

Obesity has also been associated to increased early and late wound infection and 
poor healing [45]. This has been demonstrated in both THA and TKA [46] as well 
as arthroscopic surgery. Based on a study of 126 subjects who underwent multi-
ligamentous knee arthroscopy, Ridley et al. [47] found that for every 1 unit increase 
in BMI, the odds ratio of complication rate, including wound infection, increased by 
9.2%. In fact, the results of a large, multicenter, multi-category study [48] show that 
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being overweight or obese significantly increased the risk of postsurgical infection 
in a number of orthopedic and non-orthopedic surgical categories. This increase in 
risk persisted even after adjustment for other risk factors, including the degree of 
wound contamination, the preoperative physical status of the patient, and the dura-
tion of the operation. Obese surgical patients have been shown to have reduced 
subcutaneous tissue oxygenation and to require a greater fraction of inspired oxy-
gen to achieve the same arterial oxygen tension as normal-weight patients, thus 
predisposing them to surgical site infection (SSI) [49]. Wound hypoxia impairs 
healing by a number of potential mechanisms; healing wounds have high metabolic 
demands, and insufficient oxygen will slow the healing process. Immune cells also 
have high oxygen demands, requiring oxygen for the formation of microbicidal 
reactive oxygen species [50]. In addition to poor tissue oxygenation, adequate tissue 
levels of prophylactic antibiotics may be harder to achieve in obese patients [51]. 
Antimicrobials show different pharmacokinetics when administered to obese 
patients, with both hydrophilic and hydrophobic compounds generally having a 
higher volume of distribution, requiring a higher dose to reach the same plasma 
drug concentrations as for nonobese patients [51]. Hepatic clearance may also be 
increased in obese patients [52]. Therefore, obese patients may need to be dosed 
differently from nonobese patients. A recent cohort study comparing patients under-
going joint replacements 6 months before bariatric surgery with patients undergoing 
joint replacements 6 months after bariatric surgery failed to show a significant dif-
ference in the 30-day joint infection rate, suggesting that weight loss prior to sur-
gery may not improve SSI outcomes [53]. This effect is likely to continue to increase 
with the rising rates of obesity in the general population, and new approaches are 
therefore needed to both understand the pathophysiology of the increase in infection 
rates in obese surgical patients and develop means of reducing rates of infection. 
The specific needs of these patients could be addressed by an increased focus on 
weight loss programs in the time before elective surgery. A key approach is to ensure 
that antimicrobial prophylaxis is adequate. Current guidelines for the prevention of 
SSI do not make specific recommendations about the prevention of SSI in obese 
patients [54]. Guidance on antibiotic prophylaxis is limited to recommending that 
prophylactic agents are administered within 1 h prior to incision and to administer 
repeat doses in operations of extended duration. Further research may provide evi-
dence to refine the current guidelines. Research into improving other factors such as 
oxygenation, skin preparation, and glycemic control in overweight people is also 
needed. Continued surveillance of SSI is also essential to provide a means of moni-
toring the impact of the changing obesity rate on postsurgical wound infection, and 
interventions introduced to counteract the effects of obesity on the risk of 
infection.

Other than infections and the previously mentioned complications, obese patients 
that undergo THA are at an increased risk for dislocation. According to a study done 
by Davis et al. [55] on 1617 subjects, patients with BMI over 35 kg/m2 have 4.42 
times higher rate of dislocation than those with a BMI lower than 25 kg/m2. At BMI 
over 40 kg/m2 dislocation is even more likely, and the mechanism behind this relies 
on the fact that there is a laterally directed force on the prosthesis that arises from 
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thigh-to-thigh contact during hip adduction that finally pushes the femoral head 
from the cup [56]. Therefore, weight management also becomes an important issue 
when trying to prevent dislocation of hip prosthesis in obese patients. In general, 
higher BMIs put higher mechanical strain on an implanted prosthesis, and this could 
also lead to increased wear, shorter survivorship, and increased need for revision 
due to aseptic failure [45]. A large meta-analysis that included 20 studies and a total 
of 15,276 TKA established an overall revision odds ratio of 1.3 for obese subjects 
[57]. Meta-analysis data of 5137 THA patients also show similar results, with higher 
revision rates for aseptic loosening in obese subjects with BMI over 30  kg/m2 
(OR 0.6) favoring less revision in nonobese subjects [58].

8.2.5	 �Clinical Outcomes After Orthopedic Surgery

Apart from increasing the risk of developing stroke and cardiovascular disease, obe-
sity also increases the risk of musculoskeletal disease, including osteoarthritis, ten-
dinopathy, osteoporosis, and sarcopenia [59]. The resultant damage and pain 
associated with these conditions are caused in part by the low-level systemic inflam-
mation, the articular load applied by the higher body weight, and the reduced ability 
to withstand loading due to sarcopenia [60]. In obesity, the need for orthopedic 
surgery to manage these musculoskeletal problems is more common. In middle-
aged women, the risk of having a hip or knee replacement increases with increasing 
BMI [61]. Also, obesity is associated with significantly younger age at the time of 
primary THA [29]. But apart from requiring more orthopedic surgery, obese patients 
present different pre-, intra-, and postoperative risk profiles than their lean counter-
parts, which may imply difficulties in their rehabilitation process.

8.2.6	 �Functional Outcomes After Orthopedic Surgery

Obesity has been linked to poor outcome measures in many studies, but results are 
inconsistent. Obese patients that underwent arthroscopic rotator cuff repair had 
worse functional outcomes measured through specific functional scores (American 
Shoulder and Elbow Surgeons Score and University of Pennsylvania Score) [62]. 
Dowsey et al. [63] found that patients with morbid obesity who underwent TKA 
also had poorer functional outcomes measured with the International Knee Society 
score. Dewan et al. [64] stated that patients with BMI > 40 that underwent TKA had 
less strength and range of movement, with more patellofemoral symptoms at 
5 years, and thus needed more monitoring and rehabilitation.

Vincent et  al. [65] reviewed 177 cases of consecutive obese and nonobese 
patients with diagnosis of either primary or revision THA. They found a curvilinear 
relationship between BMI and FIM efficiency, with the best efficiency in the over-
weight group and the worst in the severely obese. The same authors found that the 
FIM efficiency was lowest in the severely obese as compared with the remaining 
groups and that the severely obese group had higher total, physical and occupational 
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therapy, and pharmacy charges than did the remaining groups. Finally, among 
patients who underwent primary TKA, the greatest FIM efficiency was found in the 
overweight and moderately obese groups.

In contrast, Stevens-Lapsley et al. [66] looked at 140 patients with BMIs ranging 
from 21 to 40 kg/m2 that were followed up over the first 6 months after unilateral 
TKA, and found no meaningful relationships between BMI and functional perfor-
mance in the subacute (1 and 3  months) and intermediate (6  months) stages of 
recovery. Unver et al. [67] found that obesity did not impact inpatient’s rehabilita-
tion outcomes such as function (Iowa Level of Assistance Scale and Iowa Ambulation 
Velocity Scale), range of movement, and pain after TKA.

But given the numerous instruments that have been used across studies to mea-
sure functional outcome, it is difficult to draw conclusions or much less define 
guidelines of rehabilitation in obese patients that undergo an orthopedic procedure. 
Considering that a group of these studies suggest poorer functional outcomes asso-
ciated with obesity, new studies are needed that use standardized function measures, 
ideally obesity-specific function measures, to correctly identify these difficulties. 
Capodaglio et al. [68] studied the impact of a 4-week multidisciplinary rehabilita-
tion inpatient protocol for obese patients with orthopedic conditions and motor dis-
ability. The group of 464 patients improved function measured by the Functional 
Independence Measure, the Visual Analogue Scale for functioning, and the Timed-
Up-and-Go test and reduced disability as measured by a validated obesity-specific 
disability scale (TSD-OC).

Also, describing results according to the obesity class may help clarifying in 
which obese populations functional outcomes are worse, which in turn will help 
define guidelines that consider different approaches depending on BMI categories. 
Timing of rehabilitation is also a question worth considering. Robbins et al. [69], in 
a retrospective study on obese patients who underwent total joint arthroplasty, com-
pared those who performed self-reported preoperative exercise to those who did not 
and found that the first ones had better early mobility and were more likely to be 
discharged home earlier. This underlines that rehabilitation efforts may be more 
successful if started before the surgery takes place.

8.2.7	 �Final Considerations

As obesity rates around the world increase, patients with obesity are more likely to 
be seen in rehabilitation units requiring inhospital rehabilitation after an acute event 
[70]. Obesity has been shown to be associated with longer rehabilitation length of 
stay and higher hospital costs [28]. As a response to this, more literature has been 
published to better understand this scenario. Up to now, there are still no published 
guidelines on how best to treat patients with obesity that require hospital rehabilita-
tion. Seida et al. [70] conducted a scoping review looking to explore the evidence 
on rehabilitation for hospitalized patients with obesity. They included 39 studies 
with patients who underwent rehabilitation after orthopedic surgery, neurological 
conditions, acute medical illnesses, and other procedures. However, they found that 
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most studies compared functional outcomes across patients in different BMI cate-
gories, but only few actually studied the effectiveness of the rehabilitation program. 
Of those that did, there was only one randomized controlled trial that compared two 
different rehabilitation interventions, as to be able to develop knowledge on the best 
treatment approach toward hospitalized obese patients. Also, the rehabilitation 
intervention was poorly described in many of the studies that were included. The 
authors concluded that the evidence to guide rehabilitation for patients with obesity 
is sparse and more rigorous comparative studies are needed to create evidence-
based guidelines. A position paper of the European Society of Physical and 
Rehabilitation Medicine on the role of rehabilitation in patients with obesity has 
been published in 2017 [71]. On this basis, and in the wake of the WHO recommen-
dations for developing guidelines and the Cochrane GRADE method, a panel of 
international experts under the aegis of the International Society of Physical and 
Rehabilitation Medicine (ISPRM) is presently working on the development of 
guidelines for rehabilitation in patients with obesity. Post-acute rehabilitation units 
should be structurally and ergonomically adequate and safe for obese patients and 
staff alike with availability of a number of bariatric lifting/transferring aids propor-
tionate to the number of obese inpatients [71]. Also the rehabilitation equipment and 
the program’s components should adapt to the needs of severely obese patient. A 
multidimensional approach by a multidisciplinary team should be able to provide 
assessment, risk stratification, and disease management. For that purpose, the inte-
gration of several medical specialties, including clinical nutrition, endocrinology, 
psychiatry, rehabilitation medicine, and different health professionals, including 
dietitians, psychologists, physiotherapists, occupational therapists, and nurses, is 
required. Specific staff training to avoid weight bias is needed, and adapted equip-
ment may be necessary to promote patient and healthcare provider safety, and opti-
mal patient quality care [70].
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9Lower Limb Lymphedema

Maurizio Ricci, Francesco Federighi, and Paolo Capodaglio

Key Points
•	 Lymphedema is a chronic progressive condition frequently correlated to 

obesity.
•	 Lymphedema leads to disability, whose severity is important to assess.
•	 Clinical examination and differential diagnosis are key to define appropri-

ate treatment protocols.
•	 Centimetric or volumetric measures of limb circumferences are important 

to assess clinical severity of lymphedema and rehabilitation outcomes.
•	 Combined treatment of lymphedema is recommended, including physical 

exercise programs, decongestive manual techniques, multilayered com-
pression with short-stretch bandages, wound and skin care, and teaching of 
self-management techniques; preliminary evidence about the effectiveness 
of TECAR in reducing edema exists.

Lymphedema (LE) is frequently correlated to obesity. It is a chronic progressive 
condition involving not only cutaneous and subcutaneous tissues but also muscles, 
bones, nerves, joints, and internal organs, leading to disability [1]. A differential 
diagnosis with lipedema, lipodystrophy, and obesity is mandatory and clinical 
examination allows per se the diagnosis. In obesity, an increase of intracellular and 
extracellular liquid compound is evident with bioelectric impedance analysis 
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measures, especially in the lower limbs [2]. The obesity-related edema presents the 
same features of LE: a high-protein compound due to functional impairment of the 
lymphatic vessels. The lower limb lymphatic system is hindered by reduced mus-
cle strength related to the limited mobility and the encumbrance of the inertial 
masses in the lower limbs of the patient with obesity. The fat mass can also com-
press the lymphatic vessels at groin level. The chronic progression of LE has phys-
ical, psychological, and economical repercussions on the patient, leading to 
disability [3].

According to WHO, there are 300 million persons affected by LE worldwide. 
Half of them consist of primary LE, following congenital dysplasia of lymphatic 
vessels and nodes. Of the other half, secondary LE, 70 million have a parasitic ori-
gin (i.e., filaria bancrofti, in the tropical and subtropical areas of the planet), 60 
million are postsurgical after lymph node dissection, and 20 million are secondary 
to deep phlebothrombosis of the lower limb or overload of the lymphatic circulation 
[1]. Primary LE is genetically caused by an incomplete development of the lym-
phatic system. Family LE (Milroy syndrome) represents 3% of all primary LE and 
is linked to well-known genetic loci. Sporadic primary LE represents 93% and syn-
dromic LE 4% of the primary LE.

An example of the latter is the Prader-Willi syndrome, where metabolic disor-
ders, obesity, general hypotonia, and behavioral or psychiatric disorders are often 
present.

Secondary LE is caused by damage of the lymphatic system following surgery, 
radiotherapy, cortisone injections, metastasis, filaria infections, and large trauma, 
whereas minor trauma can unveil a latent primary LE.

Secondary LE has a centrifugal development, from the groin to the distal part 
of the limb. Stemmer’s sign is generally negative, but it can become positive when 
fibrotic development occurs. The natural history of LE is to persist indefinitely 
after the onset. Progression is, more frequently, slow, but can be in other cases 
rapid with intermittence. If not adequately treated, LE progressively worsens. 
Malignant LE, due to a metastasis, is the only form with rapid evolution and pres-
ents always with a soft edema. Protein concentration in subcutaneous tissues asso-
ciated with relative local immunodeficiency due to the reduced lymphatic flow 
favors hypodermic infections. Lymphangitis sets on acutely and is due to common 
germs (Streptococcus viridans, aureus, or beta-hemolytic) proliferating because 
of poor local hygiene.

Epidemiological studies show that in Italy secondary LE is more frequent (58%) 
than primary forms (42%). Females are mostly affected and the onset is more often 
in the III–IV decades of life. This is in relation to the surgical treatment of breast 
cancer. 25% of cases of axillary dissection associated with breast quadrantectomy 
develop LE of the upper limb. This percentage rises to 30% when radiotherapy is 
associated. In Italy, it is estimated that there are at least 200,000 patients with sec-
ondary LE and more than 150,000 with a primary form [1]. A correct treatment of 
LE is important to prevent lymphatic stasis as a cause of serious complications, the 
most frequent of which is lymphangitis, but we must consider also the rare occur-
rence of lymphangiosarcoma [3].
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9.1	 �The Lymphatic System

The lymphatic system has the function of draining the lymph from the interstitial 
space and bringing it back to the venous circulation passing through some filters 
(lymph nodes) that are arranged along its vessels. The amount of lymph that is pro-
duced every day in the body is variable from 2 to 20 L depending on the needs of 
cellular metabolism. The regulation of this production depends on pressure gradi-
ents defined by the Starling equation:

	
F K d= ( ) ( )f c tPI PT PCO PCO– – – 	

F is the quantity of lymph (F) drained by the lymphatic capillary in the unit of 
time. The leakage is determined by the hydrostatic pressure (PI) in the blood ves-
sels, contrasted by the interstitial pressure (PT). The filtration coefficient (Kf) repre-
sents the filtration capacity of the individual arterial capillary in that district 
(hydraulic conductance). Proteins have the capacity to retain water with the colloid 
osmotic pressure (COP). The proteins inside the capillary lumen (PCOc) limit the 
leakage of liquid while those in the interstitial space attract liquid (PCOt). Proteins 
migrate through the cell membrane depending on the reflection coefficient (d). This 
coefficient is very low in the liver, for example, and because of that albumin is able 
to move freely through the membranes. On the contrary, in the renal glomerulus, 
this coefficient is high causing impossibility for the proteins to pass the capillary 
membrane. In the patient with obesity, this equation depends also on the presence of 
adipose tissue around the capillaries. Of all the lymph coming from the arterial 
capillaries, 90% is drained by the venous circulation and only 10% by the lymphatic 
system. The latter originates from capillaries formed by a thin layer of endothelial 
cells lining their lumen (Fig. 9.1) that favors filtration of the lymph into the vessels 
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Fig. 9.1  Lymphatic capillary
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due to the differential pressure between interstitium and lumen [4]. Capillaries pro-
gressively form larger lymphatic vessels with a three-layer wall (intima, composed 
by endothelium laid on a basal membrane; tunica media, with muscle fibers that 
contribute to the lymph flow; tunica adventitia, which represents an anchor to the 
interstitial connective tissue). A one-way valvular system supports lymph progres-
sion. The segment of lymphatic way between two valves has an independent capac-
ity to contract and acts as a functional unit [4]. The main lymphatic vessels return 
then the lymph to the blood circulation system at supraclavicular level (terminus 
point). The large vessels of the upper limb converge with those coming from the 
head and neck near the terminus point on the right part of the body. On the left, the 
large vessels of the upper limb converge with those from the thoracic duct and the 
head near the terminus point. The thoracic duct is a large vessel (up to 4 mm of 
diameter) originating from the cisterna chyli at the level of the second lumbar ver-
tebra in the retroperitoneal space, formed by the large lymphatic vessels from the 
lower limbs. From here, the thoracic duct branches to the subclavia region. 
Approximately 600 lymph nodes are dotted all along the lymphatic system through-
out the body. Their inner core is populated by lymphocytes, macrophages, and 
plasma cells, which serve to purify the lymph passing through.

This lymph circulates in the subcutaneous space between skin and muscle fascia 
where adipose tissue is also present. This explains why it is sometimes difficult to 
differentiate edema and lipedema. The lymph flows at a speed of around 120 mL/h 
(the lymph produced at foot level reaches the terminus in less than 10 min). The 
lymph propulsion is generated by 10 contractions/min of the functional unit, but 
the contractile activity can be more if interstitial and intracapillary pressures 
increase [4]. Depending on the latter, the lymphatic flow can increase up to 10–12 
times the basal flow until the maximal flow capacity is reached. Beyond that maxi-
mal point lymphatic functional failure and a high-flow LE occur. Compensatory 
mechanisms, like collateral circulation and increase in contractile activity of the 
vessel walls, can support lymphatic flow increases. Failure of such mechanisms 
determines the onset of LE. Two types of failures exist: dynamic and mechanical 
[4]. The first one is secondary to increase of the lymphatic load with a low-protein 
(0.1–0.5 g/100 mL) edema (type I Foldi). The second one is low-flow, high-protein 
edema (type II Foldi edema) and is due to drainage failure, secondary to an obstruc-
tion to the lymph flow. The mechanical failure can be extrinsic (post-radiotherapy 
or surgery) or intrinsic (metastasis, filaria, relapsing lymphangitis). Mechanical 
failure induces a self-maintaining mechanism of LE because of the interstitial high 
protein content. Erysipelas, a skin condition due to beta-hemolytic Streptococcus 
of Group A, presents with both mechanisms (type III Foldi edema): initially, a 
dynamic failure, due to phlogosis and increase in interstitial proteins, and then a 
mechanical failure, due to macrophages and germs obstructing the lymphatic cap-
illaries. Erysipelas appears suddenly, like a localized, painful lymphangitis with 
formation of a vividly red raised step skin, high fever, and tendency to progress to 
the whole limb (Fig. 9.2).

Lymphangitis can set on suddenly or following a trauma with skin lesion and 
infiltration of germs superimposed on a previous condition of LE, or even after 
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manual lymphatic drainage maneuvers. Sterile hypodermitis with painless and sta-
ble over time edema should be excluded first. This is often linked to the obesity-
related panniculopathy (cellulitis). Lymphangitis calls for adequate antibiotic 
therapy and suspension of the manual treatment. Penicillin, clavulanic acid, and 
fluoroquinolones are the most used antibiotics. In case of frequent relapses, benza-
thine penicillin intramuscular injections 1,200,000 U.I. every 3 weeks for at least 
6 months are recommended.

9.2	 �Clinical Examination

The diagnosis of LE is clinical and instrumental examination per se is insufficient 
for a correct diagnosis [5]. Medical history is of paramount importance: modality 
of onset and progression of edema indicate whether LE is of primary or secondary 
origin. Primary LE initiates distally and progresses proximally, while secondary 
LE starts where there is an interruption of the lymphatic vessel and proceeds dis-
tally from there (Fig.  9.3). Postsurgical LE develops some weeks after surgery 
(usually, 6–12), which represents the time lapse for the lymph to accumulate near 
the surgical scar and progress distally to become clinically sound. In some cases, a 
vascular component can be relevant (phlebolymphedema): the limb volume usu-
ally increases towards evening and after prolonged standing position.

Clinical examination can document the progression of LE, entity of edema, pres-
ence of irregularities, and dysmorphism in the limb and if they were present before 
the onset of LE. The skin is always pale; other rashes suggest the presence of inflam-
matory, infectious disorders. Sores or fissures represent a doorway for infections 

Fig. 9.2  Erysipelas
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that can complicate LE. When palpating, uncomplicated LE is “cold.” Elasticity, 
softness, or hardness of the subcutaneous tissues relates to the protein content of the 
edema and, therefore, to the LE phase. Stemmer’s sign is always positive in primary 
LE with recent onset, while, in secondary LE, its positivity appears only in persist-
ing LE with infectious complications. LE is not painful. If pain is present, LE sec-
ondary to vasculopathies or lipedema should be suspected. In lipedema, digital 
pressure or skin pinching is always painful because of the edematous-fibrosclerotic 
adipose panniculus. Surgical scares should always be assessed since they tend to 
alter the lymphatic circulation and provide indications on the possible alternative 
lymph circulation. Fovea sign, obtained by prolonged digital pressure, is a charac-
teristic of LE that should always be checked. When pressure ceases, the fingerprint 
can either remain or disappear to the quo ante subcutaneous conditions. Depth and 
persistence of the fovea are related to the amount of liquid present and mobilized by 
digital pressure. When proteins are present in the subcutaneous tissue, fovea can be 
minimal or just detectable. It will be absent when lipedema is present, since adipose 
tissue is uncompressible and has an immediate elastic reaction.

Phlebedema and phlebolymphedema are two clinical pictures deriving from 
venous insufficiency of the lower limbs. Usually due to vasodilation (primary or 
secondary varicose veins), an increase in hydrostatic pressure at capillary level 
occurs, which causes increase in the interstitial liquid. When lymphatic mechanisms 
become unable to compensate, the accumulated lymph produces phlebedema, 
which is low in proteins and soft. The skin becomes cyanotic and digital pressure is 
painful. Phlebolymphedema is harder and is generated by the persistence of venous 
and lymphatic insufficiency, inducing an increase of interstitial proteins. From this 
stage on, edema becomes irreversible and LE can progress. The other differential 
diagnosis is lipedema, a condition where adipose tissue accumulates in the lower 
limbs, except the feet. Fat accumulation is associated with an increase in interstitial 

Fig. 9.3  Secondary lymphedema
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liquid and often venous insufficiency is also present. Pressure is painful, more than 
in phlebedema, but feet are normal and no fovea is present. The two conditions 
affect exclusively female patients from the second decade on, and are often associ-
ated to obesity. Patients with obesity and lipedema who lose weight have shown to 
reduce adipose accumulation in the body but to maintain large lower limb volumes. 
The progression of lipedema gradually impairs the lymphatic system leading to 
lympholipedema. The Streeten test can help discriminate simple liquid retention. 
After pharmacological washout of diuretic and hormone-based drugs in the last 
24 h, the patient’s weight is recorded the day before the test. The patient is then 
asked to drink 20 ml of water/kg of body weight in 20 min. In the following 4 h, 
urine samples are taken and body weight is recorded again. Urinary retention is 
present when the total urine sampled is 60% less than the liquids introduced or if 
body weight is significantly higher.

9.2.1	 �Measures of LE

Measuring limb circumferences is important for assessing clinical severity of LE. The 
latter is related to the magnitude of the functional damage in the lymphatic system 
rather than to the limb volume per se, which depends also on the time of formation and 
persistence of LE. Volumes can be measured in different modalities: centimetric, vol-
umetric, photographic, and impedentiometric. Water displacement is considered the 
gold standard for limb volume measurement. It is based on the Archimedes’ principle 
according to which the water volume moved by an object equals the object’s volume 
and it provides a direct measure of the limb volume. According to this method, the 
lower extremity is submerged in a tank of water whose displacement is measured to 
determine the volume of the leg. Despite its accuracy, this method is not commonly 
used by clinicians for practical reasons and it does not detect where edema is more 
evident at different stages of the therapeutic intervention.

Photography in different stages allows to detect the limb volume and differences 
in between. It can provide objective feedback and indicate limb’s dysmorphism.

The most widely used method in clinical practice is the circumferential mea-
surement using a flexible measure tape. The leg volume is obtained using an indi-
rect method as it is computed using a geometrical approximation (frustum formula). 
The whole leg is divided into sections, usually ten, with each section representing 
a truncated cone. The final volume is determined by summing up the volumes of 
the different sections. This method presents with the advantages of being simple, 
inexpensive, and accurate; however, it is operator dependent and its reliability 
depends on the operator’s skills. As the formula used for the volume calculation 
assumes that the leg is approximated to a truncated cone, it does not capture infor-
mation regarding leg shape (i.e., gibbousness or localized swelling). The body 
landmarks for the lower limb are the inferior margin of the internal malleolus, the 
condylus femoris, and the great trochanter. Based on those, other intermediate 
points are determined.

Another indirect volume measure is the bio-impedance method, which measures the 
tissue resistance to an electrical current in order to determine extracellular fluid 

9  Lower Limb Lymphedema



150

volume [6]. When a current is applied to the body through surface electrodes, it is trans-
mitted through water-containing component within the tissues and a value of impedance 
can be calculated. The latter can be converted into an index score, which reflects volume 
measurement. This method is consistent and measures small water variations.

A recent study [7] supports the use of a new technique for an accurate and reli-
able measurement of body segments based on 3D portable laser scanner method. It 
is a fast modality, presenting the advantage of detecting gibbousness and uneven 
limb shapes which can be overlooked by centimetric evaluation. It should always be 
borne in mind that the volume of the limb can vary due to associated endocrinologi-
cal or renal conditions. Contralateral measurements and clinical examination will 
discriminate those conditions.

9.2.2	 �LE Stages

The International Society of Lymphology [5] describes four stages for LE 
progression:

Stage 0, or Stage Ia, where edema is subclinical in patients who underwent 
lymph node dissection.

Stage I or Ib, when an initial accumulation of high-protein liquid is present. 
Limb elevation can reduce it and it is more evident in the evening than in the morn-
ing. Fovea is always present.

Stage II, when limb elevation does not reduce edema and limb volume remains 
consistent throughout the day, even with a tendency to progress as day goes by. Fovea 
can be negative because subcutaneous proteins can create an elastic gel-like layer.

Stage III refers to elephantiasis. The volume of the limb’s segments has lost its 
normal anatomical shape due to edema, subcutaneous thickness, and adiposity. 
Irregularities of the skin surface can appear, differentiating into stages IIIa and IIIb.

Often, in the same limb, two different LE stages can be observed. A LE classifi-
cation which takes into account etiopathogenesis, inheritability, and clinical aspects 
has been proposed [8].

9.2.3	 �Disability in LE

According to the International Society of Lymphology, LE is a chronic progressive 
condition involving not only cutaneous and subcutaneous tissues but also muscles, 
bones, nerves, joints, and internal organs, leading to disability. The widely used 
FIM scale or Barthel Index cannot capture the effect of LE on disability. SF-36 can 
document the individual changes in quality of life due to LE. In 2009, a LE-specific 
disability scale [9] was proposed to assess individual needs of patients with LE 
(Fig. 9.4). The scale has 5 levels (from 0—no disability to 4—complete disability), 
where every level is identified with a disability index composed of 14 ICF items 
with 5 levels each. The 14 ICF items concern the activities of daily living which are 
mostly affected by the presence of LE.
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9.2.4	 �Instrumental Evaluation

LE diagnosis is basically clinical but diagnostic tests can support the diagnosis and 
staging of LE phases, providing clinicians relevant information.

9.2.4.1	 �Lymphoscintigraphy
It is considered the gold standard for instrumental diagnosis of LE (Fig. 9.5). This 
test should be performed at least once in the lifetime of a LE patient. This minimally 
invasive test uses albumin tagged with Technetium-99m, injected between the sec-
ond interdigital space of the hands or feet. These proteins are captured by the lym-
phatic system and transported to the bloodstream. Radioactivity captured by a 

DISABILITY SCALE IN LYMPHEDEMA

DEGREE DEFINITION

0 No Disability

Low Disability

Low Disability

High Disability

Total Disability

1
2

3

4

DESCRIPTION

The patient has a value of index between 0 and 0,5.

0,6 and 1,5.“
“

“

“

“
“

“

“

1,6 and 2,5.

2,6 and 3,5.

3,6 and 4.

Fig. 9.4  Disability scale

Fig. 9.5  Lymphoscintigraphy
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gamma camera can help tracking the lymphatic system, highlighting the presence of 
lymphatic glands and of eventual dermal backflows.

Among the pros of lymphoscintigraphy are a sensibility of 73–100% and a speci-
ficity of 100%. The cons are high costs, time required for the test (around 3 h), and 
the anatomic resolution, which is noticeably weaker than that of other tests, so that 
discrimination between a primitive and secondary LE is not possible.

9.2.4.2	 �Echography
High-frequency (10–14 Hz) probes directly applied on the lymphedema can highlight 
the lymphatic collectors and allow to determine, through longitudinal and sagittal 
scans, the morphological and structural characteristics of the cutaneous and subcuta-
neous tissue and to measure the thickness of the fascia and the under-fascial tissues, 
which is of paramount importance to document changes after treatment. Quantification 
of tissue compressibility can help differentiate LE from lymphedema.

9.2.4.3	 �Echo-Doppler
Echo-Doppler in addition to echography allows to investigate the blood circulation 
system. This is particularly useful in cases of fast-developing edema in a LE patient 
who was previously asymptomatic and where phlebothrombosis has to be excluded.

9.3	 �Treatment

Existing guidelines on LE [1] recommend the combined use of manual and instru-
mental techniques. Therapy of LE is based on four cornerstones: skin care, manual 
decongestive lymphatic drainage, elastocompression, and kinesis therapy. The use 
of monotherapy is not considered enough for an effective treatment of LE and its 
prescription should be avoided [5]. A combined use of decongestive manual lym-
phatic drainage, multilayered compression with short-stretch bandages, sequential 
pressotherapy, wound and skin care, teaching of self-management techniques, phys-
ical exercise programs, and kinesis therapy is therefore recommended.

In the first intensive treatment phase, decongestive therapy protocols address 
edema reduction. Then, less intensive treatments aimed at maintaining the bene-
fits obtained in the first phase and achieving patient’s educational goals and 
self-maintenance.

9.3.1	 �Skin Care

Thorough cleaning of the interdigital spaces, skin folds, and areas involved by LE, 
where formation of bacterial flora is likely to occur, is crucial. If bacteria are pres-
ent, antibiotic therapy should be started immediately. Educating patients on the use 
of devices such as elastic socks or gloves which can protect the sensitive areas pre-
venting skin scratches or cuts or hydrate skin when sunbathing is important.
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9.3.2	 �Manual Lymphatic Drainage

This manual technique is performed in the presence of lymphatic stasis to drain the 
interstitial fluid and proteins into the lymphatic system. A gentle pressure performed 
on the edema area and on the anatomical path of the lymphatic vessels allows the 
opening of the lymphatic capillaries and the entrance of the stagnating fluids. 
Such massage should be applied on areas where lymphatic stations of alternative 
lymphatic pathways are present. The maneuvers consist of light pressures that stim-
ulate the lymphangions and the lymph flow.

Several lymphatic drainage techniques exist, such as Vodder, Leduc, and Casley 
Smith [5]. They all teach different maneuvers to achieve the same goals. Knowledge 
of the anatomy of the lymphatic system is always fundamental and instruments like 
the lymphofluoroscopy can provide some support, specially for identifying lym-
phatic routes that may compensate for the surgically removed ones. All of the drain-
age maneuvers involve light pressures (30–40 mmHg) with a frequency that recalls 
the physiological lymphangion’s contractile activity (around 10 pressures/min). 
While performing the manual drainage it is always important to familiarize the 
patient with diaphragmatic breathing, which helps directing the fluids from the 
limbs to the abdomen and thoracic area.

Lymphatic drainage is contraindicated in case of neoplasia localized in the area 
to be treated that has invaded the blood or the lymphatic system.

9.3.3	 �Elastocompression

Elastocompression consists of the application of an elastic force on the limb affected 
by LE with the purpose to drain stagnant liquid and proteins from the extremity of 
the limb.

It can be applied with two methods: a multilayer anelastic compression bandage 
applied by the therapist for 24  h (generally it is well tolerated by the patient at 
night), and a compression sheath that takes dynamic advantage from the muscular 
activity of the patient while performing daily activities and is therefore considered 
an active treatment.

To maintain the goals obtained during the phase of intense treatment, the use of 
specific orthosis such as sleeves, gloves, tights, and knee-highs is recommended. 
These orthoses can be customized, according to the limb’s anatomy, with a flat or 
circular texture. Circular texture is more likely to exert excessive pressure particu-
larly on the skin folds and hinder the lymph flow. Flat texture, which is also less 
likely to irritate the patient’s skin, is usually preferred.

The four classes of compression are first class (light) 18–21 mmHg, second class 
(moderate) 23–32 mmHg, third class (strong) 34–46 mmHg, and fourth class (very 
strong) 49 mmHg. The pressure should not be consistent through all the length of 
the orthosis and the highest pressure should always be on the distal extremity to 
guarantee the lymphatic drainage.
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9.3.4	 �Kinesis Therapy

This is a milestone in the treatment of LE. Despite the fact that muscular contraction 
does not act directly on the lymphatic system because the pathological alteration is 
located over the fascial tissue, its effect on the vascular component is crucial for the 
drainage of the interstitial tissues.

The patient has to be educated on the importance of wearing its orthosis/ban-
dage/sheath during exercise and daily living, because it enhances the drainage of the 
interstitial fluid.

Isotonic exercises for the improvement of the muscle trophism combined to dia-
phragmatic breathing and respiratory exercises are recommended to enhance the 
effects on the lymphatic and blood circulation.

9.3.5	 �Pressotherapy

Pressotherapy consists of instrumental lymphatic drainage induced by a pressure 
wave generated by a compressor. The therapist places a pneumatic sleeve around the 
patient’s limb affected by LE. The pneumatic bags forming the sleeve have to be 
longitudinally aligned along the limb and partially overlapped to generate consis-
tent pressure on the limb. The higher the number of bags, the higher the deconges-
tive effect. Compression is alternated to allow refilling of the lymphatic vessels. 
Pressure should be lower than 60 mmHg [10]. Pressotherapy should not be pro-
longed without complementing it with manual lymphatic drainage [11]. Absolute 
contraindications are heart failure and recent phlebothrombosis, while a relative 
contraindication is skin infection.

Sound wave drainage is performed with very-low-frequency impulses (infra-
sound) aimed to activate the resonance phenomenon on the interstitial proteins [12]. 
This therapy is strongly contraindicated in patients with implanted pacemaker or 
metallic implants.

9.3.6	 �Physical Agents

The intensive phase of the treatment is followed by the maintenance phase consisting of 
the daily use of standard or individually sized compression garments. Various physical 
agents are traditionally used for reducing edema. Treatment of this chronic condition, 
however, becomes costly in the long term. Optimizing treatment modalities and defining 
cost-effective protocols for reducing edema and duration of cyclic treatments appear as 
important goals in the rehabilitation of LE. A recent study [13] investigated the effects 
of TECAR in reducing edema in patients with obesity and LE. The authors suggested 
that, due to reduced pressure on resources (i.e., physiotherapists and long-term use of 
compressive bandages), implementation of TECAR may be promising in offering cost 
savings in the treatment of LE. Also, being operator independent, it may allow the treat-
ment of more patients simultaneously, further reducing pressure on resources.
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9.3.7	 �Surgical Therapy

Microsurgical therapy can be beneficial both for draining the lymphatic fluid and for 
repairing/reconstructing the damaged/removed part of the lymphatic system. In 
both cases, delicate microsurgery techniques are applied. In the derivative tech-
nique, the main goal is to ensure contact between the lymphatic and the venous 
circulation before the block causing LE.  Surgery can basically provide multiple 
anastomoses close to the lymphatic interruption or along the lymphatic vessel. The 
reconstructive technique is aimed at restoring the lymphatic system bypassing the 
interruption with an autologous venous segment. It is also used to remove lymphatic 
glands and implant them in the area affected by LE. It appears (Grade B recommen-
dation) that microsurgery has an important role in the first stages of LE: in fact, the 
long-term outcome is strongly related to the stage of LE and to the surgeon’s skills 
[1]. The lymphatic surgery has always to be accompanied by other therapies previ-
ously described (kinesis therapy, manual lymphatic drainage, and elastic compres-
sion), both before and after surgery to guarantee the effectiveness of the drainage.
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Key Points
•	 Whole-body vibration training recently emerged as an alternative exercise 

modality for the treatment of obesity.
•	 Interventions longer than 6 weeks can improve cardiac autonomic function 

and reduce arterial stiffness.
•	 Interventions of at least 10 weeks lead to reduction in fat mass, improve-

ments in leg strength, and enhanced glucose regulation when added to 
hypocaloric diet.

•	 Further research is advised to standardize the application of whole-body vibra-
tion training in terms of posology, vibration settings, and exercise modality.
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Humans are exposed to whole-body vibration (WBV) in many situations, both at 
the workplace or in controlled environments for treatment purposes. WBV training 
(WBVT) usually involves exercising on a vibrating platform; the vibration gener-
ates rapid length variations in muscle-tendon complex [1], inducing repetitive 
eccentric-concentric muscular work and reflexive muscle contractions [2]. In the 
clinical setting, WBV training is used as a rehabilitative method in a range of 
chronic diseases, as well as neurological, musculoskeletal, and metabolic condi-
tions [3]. In particular, in the last decade, interventions based on WBV emerged as 
adjuvant therapies for obese patients [4]. The correct setting of the vibration 
parameters is crucial, as different literature studies showed that the regular expo-
sure to vibration might have adverse health effect [5]. When the stimulus reaches 
the human through the hands, workers might develop a range of conditions col-
lectively known as hand-arm vibration syndrome, as well as specific diseases such 
as the secondary Raynaud’s syndrome, carpal tunnel syndrome, and tendinitis [6]. 
The long-term exposure to WBV increases the risk of low-back pathologies [5], 
although the low correlation between the measured vibration exposure and the 
incidence of back pain suggests the importance of the posture in the etiology of the 
professional disease [7, 8].

Therefore, the aim of this chapter is to present the most actual intervention strate-
gies, strength, and potential limitations of WBV in the treatment of obesity. The 
main topics presented are the following:

10.1	 �Physical Principles

The main parameters used to describe the vibration are the amplitude and the 
frequency. Magnitude, or amplitude, is typically expressed in terms of accelera-
tion (m/s2 or g) although the motion can be equivalently characterized by the 
amplitude of the velocity or of the displacement. The other parameter, frequency, 
defines the number of oscillations completed in a unit of time and is measured in 
Hertz (Hz).

The mechanical energy of the vibration is transmitted through the human body 
thanks to compression and rarefaction of tissues and biological fluids (wave propa-
gation) [9]. Different exposure time, amplitude, and frequency of the WBV deter-
mine different responses of human body; thus the correct choice of the vibration 
parameters is fundamental to avoid side effects. The amplitude of the vibration 
reaching different body parts depends on the magnitude of the vibration at the driv-
ing point (the feet in case of WBVT) and on the transmissibility of vibration between 
the driving point and the body segment [10]. Consequently, the frequency of the 
vibration should be different from the natural frequencies of the human body to 
avoid the resonance condition (Fig. 10.1). This phenomenon produces large oscilla-
tions of specific body segments and can lead to a harmful state of stress and to dif-
ferent disorders in case of prolonged exposure. In case of vibration frequency 
matching with the vertical resonance of the head, the mechanical energy might be 
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harmful for the brain health and thus must be avoided [11]. Two methods that help 
to reduce the acceleration transmitted to the head are (1) to use a side-alternating 
whole-body vibrating platform (WBVp) or (2) to instruct the subject to keep his/her 
knee flexed [2]. Thus, maintaining a straight-legged posture on a WBVp is not only 
not recommended, but also potentially dangerous.

The vibration is generated by the vibration platform which can provide two dif-
ferent types of stimulus: synchronous and side-alternating vibration (Fig. 10.2). The 
first refers to a vibration transmitted to both feet synchronously along the same 
spatial direction (usually vertical). The second type is a displacement alternated 
between the feet: the right foot goes down while the left one is pushed up (and vice 
versa).

Another important element that must be controlled is the body posture that sub-
jects should maintain during the vibration treatment. To do this, an indication about 
the alignment of body segments (posture) is commonly given based on a description 
of the trunk, knee, and ankle angle.

Head
(axial mode)
20 – 30 Hz

Eyeball,
intraocular structures

20 – 90 Hz

Shoulder girdle
4 – 5 Hz

Spinal column
(axial mode)
10 – 12 Hz

Lower arm
16 – 30 Hz

Chest wall
5 – 10 Hz

Arm
5 – 10 Hz

Head
30 – 50 Hz

Abdominal mass
4 – 8 Hz

Seated person

Standing person

Legs,
Variable from about 2 Hz

with knees flexing to over 20 Hz
with rigid posture

Fig. 10.1  Natural frequencies of human body
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10.2	 �WBV as a Therapeutic Intervention

Vibration can provide benefits if correctly used: it can change the concentration of 
hormones, and prevent muscular atrophy, functional impairment, obesity, cardio-
vascular diseases, and fragility fractures among the elderly population [12]. 
Vibration can also be useful to heal osteoporosis in postmenopausal women [13].

The neurological conditions treated with WBV are multiple sclerosis (MS), 
Parkinson’s disease (PD), stroke, cerebral palsy, and spinal cord injury. The studies 
on patients with MS evaluated that the effects of two different frequency settings (2 
and 26 Hz) are in terms of strength [14], balance, gait, mobility, and spasticity [15]. 
The results obtained showed a greater strength outcome both in acute [14] and 
chronic [16] treatment with WBV.  The chronic exposure to WBV led also to a 
decrease in spasticity and pain levels in those patients. No significant change was 
detected in terms of gait, balance, and mobility, and most notably no differences 
were outlined between the two frequency settings. Considering patients with PD 
and evaluating the long-term and the acute effect of vibration, improvement was 

Fig. 10.2  Synchronous (a) and side-alternating vibration (b)
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found on balance control, gait [17], motor impairment, and proprioception [18]. The 
stroke patients treated with WBV showed a balance [19] and strength improvement 
during the acute exposure [20]. In this last case, no differences were outlined using 
a chronic exposure in those patients. The vibration treatment was also used on 
patients with cerebral palsy; motor impairment and spasticity decreased after 
WBVT, and no effects were reported on gait and mobility [21]. Considering patients 
affected by spinal cord injury and subjected to a 4-week WBVT, a significant 
improvement was found in terms of gait speed, cadence, and step length [22].

From a musculoskeletal point of view, also patients with fibromyalgia, low-back 
pain, osteoarthritis, and surgical treatments of anterior cruciate ligament were 
treated with WBV. The long-term effects reported on fibromyalgic patients were a 
reduction of pain and fatigue [23] and an improvement in dynamic balance [24]. 
Also in patients with low-back pain, a decrease in pain was reported as a long-term 
effect, although this is in contrast with the majority of the scientific literature on 
occupational diseases [25]; there was also a slight increase in the lumbar range of 
motion (ROM) [26]. The effects of WBVT on women with osteoarthritis were a 
significant increase in the muscle strength and a reduction of pain [27]. Considering 
anterior cruciate ligament patients, the WBVT resulted in an improvement of bal-
ance and proprioception [28].

Patients with cystic fibrosis showed a marked increase in muscle force, power, 
flexibility [29], and jumping ability and ability to rise up from a chair [30]. The 
treatment lasted for 6  months and used two frequency settings (12 and 26  Hz). 
Patients suffering from type 2 diabetes were treated using WBV for 12 weeks with 
an increase in muscle strength, and a decrease in the systolic blood pressure and in 
the glucose concentration [31].

The actual effect of vibration could not be mechanistically established since the 
studies have several limitations: often, the control group was not present, changes 
were not statistically significant, the vibration parameters were not specified, and 
the details of the treatment were not explained.

10.3	 �WBV and Obesity

Obesity is a chronic disease which increases the risk of debilitating and death-
leading health problems [32]. Obesity has a detrimental effect on several hormonal, 
hematic, and functional parameters, and it is also related to cardiovascular compli-
cations, due to the hypertriglyceridemia and insulin resistance that lead to impaired 
fasting glucose, high blood sugar levels, inflammation, and visceral adipose tissue 
(VAT) accumulation.

In obese patients, even a moderate weight loss (5–10% of body weight) can 
reduce cardiovascular risk [33]. This is the reason why weight and VAT loss are the 
primary treatment aims, generally achieved by diets or healthier eating habits, 
behavioral correction, and/or exercise prescription. However, these therapies often 
have a low success rate: radical dietary restriction alone may lead to a reduction in 
muscle mass and a decline in physical fitness [34]. Regular aerobic and resistance 
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training exercises may improve heart rate variability, physical strength, and body 
composition [35] but most obese people are reluctant to change their sedentary life-
style due to physical limitations, musculoskeletal discomfort, and lack of self-
motivation [36].

To overcome the limitations of the traditional therapies, in the last 20  years, 
WBV training was introduced. The typical interventions consist of exercises, such 
as calf-raises and squats at different degrees of knee flexion, performed on a WBV 
platform. Treatments commonly last from 6 to 12 weeks and generally are adminis-
trated three times per week. The vibration frequencies range from 12.5 to 60 Hz; the 
most common choices are frequencies between 25 and 40 Hz, with an amplitude of 
1–2 mm. The duration of the exercises spans from 30 to 60 s with planned work:rest 
ratio from 1:1 to 1:2.

A large number of outcomes were evaluated to outline if the WBV was effective 
on obese patients. The results obtained can be divided into three major groups that 
evaluate body composition, cardiovascular parameters, and hormonal, hematic, and 
functional parameters [37].

10.3.1	 �Effects on Body Composition

The first group of parameters evaluated after WBVT includes the body weight 
(BW), body mass index (BMI), fat mass, waist circumference, lean body mass, 
bone mineral density, and insulin. When WBVT lasted for at least 10 weeks, a 
weight reduction was always reported [38]. The amount of weight loss seemed to 
be related to the intervention settings, but to date the association between these 
two factors is unclear. Two studies reported that a side-alternating vibration 
below 16 Hz produced small-to-moderate weight loss [13]. The same effect was 
also evidenced with a synchronous vibration from 40 to 60 Hz [38]. The ampli-
tude considered in both cases was from 2 to 5  mm. Considering 6  weeks of 
WBVT with frequencies from 30 to 35 Hz and an amplitude of 2 mm, a larger 
weight loss was obtained [39]. Not all studies reported a reduction in body weight 
but even in those cases the WBVT often induced a remodeling of body composi-
tion. Reduction of visceral adipose tissue (VAT) [40] and fat mass [39, 40] was 
observed after 8 or less weeks of WBVT with a daily exposure to vibration from 
5.1 to 12.7 m/s2 [41]. The greatest fat mass loss was at the trunk level: in fact, a 
reduction of VAT and waist circumferences was reported in several studies [38, 
40]. To sum up, there are three main factors that may contribute to fat mass 
reduction:

•	 The innervation of white adipose tissue by the central sympathetic nervous sys-
tem, activated by acute exposure to vibration triggers lipolysis [42].

•	 Thanks to WBVT, glycemic control is enhanced improving the glucose regula-
tion and the insulin action [43].

•	 WBVT increased the growth hormone (GH) concentration in obese subjects with 
the effect of a stimulation of the metabolism [12]; this is an important change for 
those patients who are characterized by low levels of this hormone.
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In postmenopausal obese women, an improved glycemic control is fundamental 
to avoid insulin resistance. A study of Bellia and collaborators found that the insulin 
sensitivity increased 35% after 8 weeks of WBVT with static squats. An increase of 
adiponectin and a decrease of leptin levels were also observed [43].

Another population of obese patients that must be studied is those with type 2 
diabetes mellitus. In this case, the WBVT improved the insulin-mediated glucose 
uptake in the skeletal muscle; this fact seemed to be related to the increase in femo-
ral artery blood flow [44].

An important problem for obese patients, worsening with aging, is that bone 
mineral density tends to decrease. In particular, in women after menopause this 
process is enhanced by the decrease of estrogen concentrations, which can lead to 
osteoporosis. Some studies found that WBVT increased bone density [2] thanks to 
the shear stresses produced by vibration on the plasma membranes of highly sensi-
tive cells like bone-lining cells and resident osteocytes and osteoblasts [45].

10.3.2	 �Cardiovascular Outcomes of WBV

In the second group were considered variations in systemic arterial stiffness, blood 
pressure (BP), sympathovagal balance, heart rate (HR), and blood flow velocity. 
Many studies examined the effect of WBVT on the previously mentioned adverse 
cardiovascular outcomes related with obesity and exacerbated by aging, menopause, 
and diabetes. Many studies found that a WBVT lasting for at least 6 weeks could 
reduce the sympathovagal balance [46] and central/peripheral arterial stiffness [4, 
39] in obese women. The same results were found in men only in one paper [44].

An important improvement for the health of obese women is represented by the 
reduction of sympathovagal balance, associated to a lower cardiovascular risk and a 
greater longevity [39]. The measure of sympathovagal balance consists of the ratio 
between the low-frequency (LF) and the high-frequency (HF) power of heart rate vari-
ability spectrum: LF/HF ratio or R-R duration. WBVT leads to a reduction of the 
sympathovagal balance because vibration generates an increase of LF and a decrease 
of HF and thus the ratio of LF/HF decreases. This result was not achieved using tradi-
tional exercise such as resistance or aerobic training in postmenopausal women [47].

In the latter population, a 6-week vibration training also had beneficial effects on 
aortic stiffness leading to a reduction of the aortic systolic BP of 8–10 mmHg [48]. 
Many studies stated that an effect of the WBVT is the lower systemic, aortic, and 
leg arterial stiffness in terms of brachial-ankle, carotid-femoral, and femoral-ankle 
pulse wave velocity (PWV), respectively, found out in different studies [39, 48]. 
This is an important result because a reduction of the aortic systolic and diastolic BP 
from 5 to 10 mmHg corresponds to a decrement of 30–40% in the risk of death due 
to stroke and other cardiovascular complications [49]. It must be noticed that these 
hemodynamic effects of WBVT were not obtained simply using traditional resis-
tance training in obese women [50]; this fact outlines the benefits that can be 
obtained using the vibration instead of traditional training and dietary program.

Another effect obtained after 6 weeks of WBVT is the increase of a nonprotein 
amino acid, L-citrulline, in hypertensive postmenopausal women [48], and the 
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conversion of L-citrulline into L-arginine, which is the substrate for endothelial 
production of nitric oxide (NOx) [51].

The benefits that vibration produces at a cardiovascular level are related to differ-
ent factors:

•	 WBVT acts on an inhibitor of cardiovagal activity, increasing the angiotensin II 
[52], and on the local production of vasodilatory substances, including NOx. The 
effect of NOx is a reduction of systolic BP and AIx, and thus the vascular tone of 
small arteries is reduced [53].

•	 The mechanical oscillation of vibration produces rapid variations in the length of 
the muscle-tendon complex [1]; these contractions act as an active muscle pump 
increasing the stroke volume, probably increasing venous return and preload 
[54].

•	 During WBVT, there is also an increase of the total peripheral resistance to blood 
flow. As a reaction to maintain a necessary level of cardiac output, more capillar-
ies are opened resulting in more efficient gas and material metabolism between 
the blood and muscle fibers [11]. The increase in leg muscle blood flow contrib-
utes to improving the muscle mass in elderly [55].

•	 Another factor enhancing the blood flow is the friction forces applied by the 
vibration on the endothelial cells [2]. If there is a weekly repetition, this acute 
vascular effect is probably the cause of the improvements in arterial stiffness and 
wave reflection [56].

10.3.3	 �Functional and Hormonal Effects of WBVT

Obese individuals are very sensitive to fatigue and this can hinder the amount of daily 
motor activity. An effective strategy to improve this condition is to increase the muscle 
strength with low-intensity exercise that helps patients in preventing muscle dysfunc-
tion, vascular complications, and physical disability [57]. To do that, the WBVT is a 
good solution: choosing the correct training protocols, this innovative treatment pro-
duced similar positive effects on muscle strength [38] in both young and elderly sub-
jects, and improvements in sit-to-stand and sit-and-reach functional tests [58]. Also an 
increase in GH hormone was reported in different studies (Table 10.1) as an acute 

Table 10.1  Studies that reported an increase of GH and the parameters used

Authors and year
External 
load

Frequency 
(hz) Wbvp Subjects Gh peak

Giunta et al. 2013 [59] Yes 30 Sync 7 1.3 ± 0.6 ng/ml
Giunta et al. 2012 [60] Yes 35 Sync 7 5.1 ± 1.9 ng/ml
Kvorning et al. 2006 [61] Yes 20–25 SA 10 1.17 ± 0.81 μIU/ml
Bosco et al. 2000 [62] Yes 26 Sync 14 28.6 ± 29.6 ng/ml
Di Giminiani et al. 2014 [63] No 40 Sync 10 NA
Elmantaser et al. 2012 [64] No 22 SA 10 0.52 ± 0.06 μg/l

WBVp whole-body vibration platform, Sync synchronous, SA side alternating
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effect of WBVT using different frequencies and different WBVp. From a comparison 
of these studies it seems that the variation in GH is independent of the addition of an 
external load, the frequency of vibration, and the WBVp used.

It seems that WBVT improves the efficiency of agonist/antagonist muscles and 
the synchronization of motor units. This implies a simultaneous contraction of more 
fibers, thus producing a greater force [1]. This leads also to an improvement in bal-
ance control: in obese patients a better single leg balance [58] and a decreased fall 
rate [65] are found. With respect to simple static and dynamic exercises, if an oppor-
tune vibration is added to these, what is obtained is a significant increase in oxygen 
uptake and caloric output [2, 40]. Actually, the energy consumption thanks to vibra-
tion is modest: 4.5 mL/min/kg when the WBVT consisted of a stimulus with fre-
quency of 26 Hz and amplitude of 3 mm [2]. Thus, the increase of oxygen uptake 
could be explained considering the higher metabolism due to hormonal and cardio-
vascular changes [11, 12], increase of lean mass, and muscle activation [66] as a 
consequence of the WBVT.

10.4	 �Side Effects and Limitations of Vibration Treatment

The most critical aspect emerging from the actual body of literature is that too often 
the vibration parameters, such as frequency, amplitude, and duration, and the exer-
cise training (type of exercises, volume, and intensity) are not chosen in a safe man-
ner [46]. Considering the ISO 2631-1:1997 regulation, the vibration can be divided 
into “tolerable” and “dangerous” for the health of people depending on the vibration 
magnitude and exposure time. The ISO 2631-1:1997 defines the exposure action 
value and limit value of 0.5 and 1 m/s2 for workers that are exposed to a continuous 
WBV for 8 h/day; the maximum tolerable acceleration increases if the exposure 
decreases, but to date there are no clear indications about the levels that will surely 
lead to adverse health effects [67].

Another dangerous side effect is the possible damage that vibration transmitted 
to the head of patients can cause to brain, suggested in some literature studies. Even 
if the values considered safe are often not respected, the majority of studies reported 
that the WBVT did not cause on patients side effects or unfavorable symptoms [57, 
58, 68, 69]. Few studies report sporadic side effects accused by patients that under-
went WBVT, such as mild knee pain [70], lower leg phlebitis [40], and back pain 
after 2 weeks of treatment [43].

An attempt to define a safety level for vibration for medical application was pro-
posed by Muir and collaborators, who claimed that a WBVT can be considered 
reasonably safe if it has a maximum exposure of 15  min/day, with frequencies 
between 30 and 50 Hz and an acceleration of 2.25–7.98 g [71].

Very few studies explicitly reported the vibration parameters, the exercise types 
used for the WBVT, whether or not the patients were standing freely on the platform 
or were holding a support, and if footwear were used [72]. All these factors can play 
a role in the outcome, and their effects are still under investigation, especially in the 
long term.
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Lastly, potential biases as sex or ethnical specificities can play a relevant part in 
the outcomes such as insulin and GH hormone concentration, systolic BP and AIx, 
and hemodynamic effects [73].

10.5	 �Conclusion

In light of the reported results, we can conclude that WBVT is a promising useful 
intervention therapy in the management of obese patients. Relevant effects were 
found as follows: (1) cardiac autonomic function, following a WBVT lasting for at 
least 6  weeks [46, 74]; (2) significant body weight loss after 10 or more weeks 
[38–40, 44], as well as improvements of leg strength [38, 46, 57, 75]; (3) in addition 
to hypocaloric diet, there was also an enhancement of insulin sensitivity and glucose 
regulation [43]; and (4) combined with dietary restrictions, WBVT can be as effec-
tive as aerobic exercise in decreasing the BMI [40, 76] and improving the muscle 
strength [58, 74].

As a first step in a weight loss program, WBVT can be prescribed without other 
exercises, because it implies low levels of joint stress and self-motivation [43, 54]. 
Although obese patients are very sensitive to fatigue, they can tolerate this treatment 
as passive vibration does not imply voluntary action and requires a lower contribu-
tion of central command [77] compared to traditional exercises.
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11.1	 �Introduction

Cold treatment is a popular therapy used by anyone in order to relieve or prevent 
pain and swelling after trauma, inflammatory conditions or any other condition 
from which pain originates. However, the application of cold is often driven by an 

Key Points
•	 Cryotherapies are based on the exposure to extremely cold air in special 

devices.
•	 Cold effectively counteracts pain and inflammation through the activation 

of the sympathetic nervous system.
•	 Whole-body cryotherapy has a proven efficacy in several inflammatory 

conditions.
•	 Low-grade inflammation can be counteracted by cryotherapy and even bet-

ter if associated with physical activity.
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“intrinsic knowledge” and only seldom based on a scientific conscience. A 10-year-
old survey to Irish emergency physicians, interviewed about the therapeutic use of 
cold, clearly confirms this shared feeling: 73% of respondents declared to “pre-
scribe” cold application frequently while 7% had never suggested its use. But, more 
interestingly, 30% of the respondents doubt about the benefits of cold application 
and its use is mainly driven by experience (47%) and common sense (27%) while 
only 17% declared to base its application to a precise scientific reasoning [1].

The knowledge about the beneficial effects of cold on bodily functions has a long 
history and was common to several cultures. Egyptians discovered the invigorating 
benefits of submerging the body in cold water and Roman soldiers were used to take a 
quick dip in icy-cold rivers after battles, with recovery purposes. Hippocrates (460–
370 BC), the father of the Western medicine, proved that icy-cold water (drunk or used 
for bathing) had efficacy in multiple medical conditions; he often prescribed ice-cold 
water as the perfect treatment for relieving pain, oedema and inflammation [2, 3].

Currently, local, partial and whole-body cold therapies (cryotherapies) are used as 
aids to relieve pain associated to several acute and chronic pathological conditions as 
well as in case of injuries, trauma and overuse [4, 5]. Besides the wide variety of local 
cold therapies, the concept of whole-body cryotherapy (WBC), and subsequently of 
partial-body cryotherapy (PBC), was born about 40 years ago based on the personal 
observations of Prof. Toshiro Yamauchi. In his clinics, where he treated rheumatologic 
patients, he noted that those rheumatoid arthritis patients who spent a period on moun-
tain localities, where they conjugated cold exposure and physical activities, during 
winter, experienced improved clinical outcomes compared to those who remained at 
home. Thereafter, Yamauchi started treating these patients with cold air exposures, in 
specially designed cryochambers, opening the season of the clinical use of whole-
body cryotherapy [6, 7]. Nowadays, the available cold therapy treatments, referable as 
both WBC and PBC, are based on the exposure to extremely cold air (either atmo-
spheric air or liquid nitrogen vapours), with the temperature generally ranging between 
−110 °C and −160 °C, in special chambers [8]. Other cold-based practices have also 
developed in contemporary times, especially in northern countries, e.g. winter swim-
ming: this activity relies on regularly bathing in ice-cold water, during the winter 
season, based on the belief that it reduces the frequency of sickness and improves the 
ability to address with daily stresses [3, 9–11].

Besides its application in pathology, cold exposure has become widely popular 
among sportsmen who use it as a recovery-enhancing practice [12]. Maybe as a 
consequence of the great media publicity, especially coming from its use by famous 
sportsmen, the use of cryotherapy has grown exponentially in the last few years as 
well as the number of scientific studies aimed at highlighting its efficacy. However, 
as often happens in the case of such popular treatments, the claimed effectiveness is 
not always sustained by scientific evidences [13].

11.2	 �Whole- and Partial-Body Cryotherapies: Technical 
Features of the Devices

Since the conceptualization of the cryotherapy, several PBC and WBC technolo-
gies have been developed and several devices are currently commercialized. 
Although often confused and defined interchangeably, PBC and WBC differ in 
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several aspects and need to be named differently. Indeed, while in WBC the sub-
ject moves within a chamber and the entire body is exposed to cold, in PBC the 
subject enters into a “tank” with the head placed outside. The WBC devices are 
greater in size and the subject is more or less free to move within the chamber; on 
the contrary, the PBC devices are smaller (even transportable) and the subject can-
not move within [14]. The moderate-sized mobile devices used for PBC allow its 
application on the field with sports teams, while WBC is more often used to treat 
pathological conditions in medical contexts. Also the cooling concepts are differ-
ent among the different devices: PBC is cooled with liquid nitrogen that is inlet 
from the bottom of the tank and, generally, the working temperature declared by 
the producer is the one measured at the inlet, despite the natural gradient gener-
ated within the tank. The chambers for WBC are, instead, similar to a refrigerator 
since the cooling agent (liquid nitrogen) runs within the wall of the chamber, 
where it cools the atmospheric air, and, hence, the body comes in contact with 
cold air only [8].

Subjective feelings of patients exposed to cryotherapy indicate that the tempera-
ture felt into a nitrogen chamber (PBC) is noticeably colder compared to that felt 
into a cold-air chambers. This cold is felt particularly strong at the level of the lower 
extremities. There are, however, no scientific reports confirming this greater range 
of change in temperature in these conditions.

11.2.1	 �Partial-Body Cryotherapy

PBC treatment is performed in a cryosauna that is an open tank with a raising plat-
form which allows the positioning of head and neck of the subject outside the 
device. Cold is generated by spraying nitrogen vapours within the tank and the treat-
ment depends upon the direct contact between the patients and the cold nitrogen 
vapours. The patient’s head must be out of the tank to prevent breathing nitrogen, 
and the associated risk of asphyxia, which is an important safety problem [8]. This 
was probably the first kind of extreme cold technology for the body, first developed 
by Yamauchi and presented in 1979 at the European Congress of Rheumatology 
which was subsequently improved by Fricke in Germany and Zagrobelny in Poland, 
between 1980 and 1990. Compared to the cryochambers, the cryosauna devices 
have some advantages: limited costs of the device and maintenance, despite the 
large consumption of liquid nitrogen (est. 20 k–30 k €/year); limited space needed 
and limited logistics issues; possibility to move the device allowing the use of PBC 
during itinerant sports events (e.g. Tour de France, Vuelta d’España and European 
Basketball Championship). On the contrary, important safety issues are related to 
handling and storage of liquid nitrogen and, hence, a professional technical assis-
tance is always needed [8].

A main concern is related to the exposure temperature that ranges, according to 
the manufacturer indications, between −110 °C and −195 °C, which is a rather wide 
range, and the consequent difficulty to precisely set the treatment temperature. This 
is intrinsically due to the cold source: the nitrogen is stored in a liquid form and 
vaporized at temperatures above −195 °C; the temperature rapidly rises depending 
on the length of the pipes (from the reservoir to the cabin inlet). When the nitrogen 
is sprayed into the cryosauna a gradient is generated from the nozzle to the opposite 
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portions of the tank (along both the horizontal and the vertical directions) and it is 
further accentuated when a warm body (e.g., the subject) is within the tank [8]. As 
elegantly demonstrated by Savic et  al., in an empty cryosauna, the temperature 
increased from <−150 °C, next to the nozzle, to −60 °C, in the centre of the cabin; 
after 3 min of exposure, the temperature next to a manikin, placed into the tank, was 
not homogeneous: −100 °C at the top and −140 °C at the bottom of the cabin with 
differences between the front and the back of the manikin, too. In the presence of a 
human participant the recorded mean temperatures were comprised between 
−20 °C, at the chest, and −40 °C, at the shank, due to the participant’s boundary 
layer consequent to convection [15].

11.2.2	 �Whole-Body Cryotherapy Devices

WBC is performed into cryochambers in which the subject is entirely exposed to the 
cold air. Traditionally, these chambers are divided into two or three compartments 
kept at different temperatures, generally −10 °C, −60 °C and −110 °C to −160 °C, 
in order to allow a more comfortable adaptation to cold, and are large enough to 
accommodate three or more subjects. Various cooling systems are available for the 
WBC devices but in all cases a direct visual contact (window or camera) between 
the operator, who is always present during the treatment, and the subject within the 
chamber, is required.

Compared to PBC devices, those for WBC are much more expensive since their 
costs range between 80 k € and 350 k € (compared to 45 k–60 k € of PBC) and also 
the maintenance costs are higher. The power supply can also represent a problem 
since, generally, the WBC devices require a 380 V line. Moreover, the WBC tech-
nology is not truly mobile, considering that WBC might be installed within a dedi-
cated room or, eventually, within a container [8]. However, the market is now 
offering novel WBC devices with physical features resembling those of the cryo-
sauna devices since they are designed as single-place chambers but maintaining the 
technical features of a WBC device.

Besides the disadvantages about costs, management (including electricity 
consumption) and logistics of WBC devices, a significant number of evidences 
have demonstrated that WBC confers benefits in most domains. Moreover, as 
explained in the next sections, WBC induces greater skin temperature and core 
temperature variations than PBC [8]. Authors speculated that, since a cryocham-
ber contains a bigger volume of cold air than a cryosauna, the temperature is 
more constant in the former than in the latter. This is also sustained by the fact 
that a cryochamber is equipped with several nozzles located at different heights 
[15]. WBC devices enable the treatment of several patients at the same time, and 
this could be important in the clinical implementation of the treatment. WBC is 
also considered safer than PBC since, generally, the subject does not come in 
contact with the nitrogen vapours. The third limitation is given by the heteroge-
neity of the temperature during exposure that is greater in PBC devices than in 
WBC. However, the real difference in the temperature of exposure within the two 
devices is not clear also considering that there is no standardized method of 
assessing these temperatures [8].
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11.3	 �Molecular Mechanisms of the Response to Cold

Although still not completely clear, the mechanisms leading to pain and inflammatory 
symptom alleviation seem to be related to the direct effects of cold on the molecular 
mechanisms involved in analgesia, inflammation and oxidative stress [16–21]. 
According to Guillot et  al., after cold stimulation several molecular pathways are 
affected [22]. The first, and possibly the main, target of the cold stimulus is the sympa-
thetic branch of the autonomic nervous system [23]: cold activates the thermosensitive 
receptors of the afferent nerves to the central nervous system (CNS) and efferent sym-
pathetic nerve terminals are induced to release acetylcholine (ACh) and noradrenaline 
(NA). These neurotransmitters act on α7nAChR and β2-adrenergic receptors, respec-
tively, and induce intracellular pathways that converge on nuclear factor κB (NF-κB) 
[21, 23–25]. The inhibition of this key inflammatory hub affects the expression of sev-
eral downstream effectors involved in inflammation and oxidative stress as interleukin 
(IL)-1β [26, 27], IL-6 [28], tumor necrosis factor (TNF)α [27], IL-10 [29], inducible 
nitric oxide synthase (iNOS) and myeloperoxidase (MPO) [27, 30], superoxide dis-
mutase (SOD) [31], glutathione peroxidase (GPx) [32], and intracellular adhesion mol-
ecule 1 (ICAM-1) [33]. By acting on α-adrenoreceptors expressed on vascular wall, NA 
also induces vasoconstriction [34] which is further sustained by the decreased angiogen-
esis determined by the cold-induced NF-κB-dependent downregulation of vascular 
endothelial growth factor (VEGF) [35]. The cold-dependent effects on NF-κB are 
mainly explicated at the macrophage levels even though all the cells of the body are 
responsive in this sense [22]. The cold stimulus acts also directly on the enzymatic activ-
ities, limiting the action of collagenases [36] and matrix metalloproteinases (MMPs) 
[37, 38], and on the mediators of pain, like prostaglandin E2 (PGE2) [29, 39]. Cold is 
also able to limit the release of histamine from mast cells. A painful stimulus causes the 
release of neuropeptides from sensory nerve endings that bind their cognate receptors 
expressed on mast cells that are induced at releasing histamine. Histamine, in turn, acts 
on nerve endings throughout a positive feedback to further induce the release of the 
neuropeptides. Hence, cold limits the painful sensation through this additional way [40].

Because of these molecular events, cold explicates analgesic, anti-inflammatory, 
anti-oedema, and anti-bleeding effects. The analgesic effects are due to cold-induced 
gate control activation, increased nociceptor excitability threshold, reduced nerve 
conduction rate, and decreased muscle spasm rate and strength. Cold stimulus directly 
reduces nerve conduction and the sympathetic system stimulation, the release of NA 
from peripheral nerve endings and brainstem nuclei and the vasoconstriction during 
and after the cold exposure have an impact on pain and joint and/or muscle soreness 
[17]. Circulating NA reaches the spinal cord via the posterior spinal arteries supply-
ing, for example the substantia gelatinosa, where pain afferent neurons from skin end. 
A cold-induced increase in NA may therefore be involved in the mechanisms that 
lower pain at the spinal level [41]. Parallel, the slowed down enzymatic activity, the 
reduced synthesis and release of pro-inflammatory mediators, and the slowed down 
cell metabolism, all account for the anti-inflammatory effect [19, 42, 43]. Moreover, 
the cold exposure decreases the oxidative stress and/or increases the antioxidant buff-
ering capacity [20, 42, 44, 45]. Finally, the cold-induced vasoconstriction and the 
decreased vascular permeability limit oedema and bleeding [2].
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11.4	 �Evidences for WBC Effectiveness in Pathological 
Conditions

11.4.1	 �Indications and Contraindications

Based on their proved anti-inflammatory effects, WBC and PBC have been success-
fully applied to symptomatically treat rheumatic and inflammatory diseases such as 
RA [28, 46], fibromyalgia [4] and ankylosing spondylitis [47]. Currently, the entire 
spectrum of inflammatory, autoinflammatory, immune-mediated and autoimmune 
diseases can be effectively and safely treated with cryotherapy with the aim to 
reduce the symptoms of inflammation. However, the broadest application has been 
in sports medicine, surely for its effectiveness in limiting, but also preventing, 
exercise-induced muscle damages and muscle soreness as well as improving recov-
ery from trauma, but also due to the media hype coming from the use of cryotherapy 
by famous sportsmen [13].

Recently, WBC and PBC have also been used in psychiatry, to improve mental 
well-being, in depression and anxiety syndromes [48], a research topic borrowed 
from previous investigations in winter swimmers, demonstrating a decrease in ten-
sion and fatigue and an improvement in mood, memory and well-being [9]. 
Improvement of sleep quality has also been reported [8]. Current indications for 
WBC are summarized in Table 11.1.

Table 11.1  Indications and pathophysiological response to whole-body cryotherapy

Indications (according to ref. [13]) Effects (according to ref. [8])
Pathological conditions
Degenerative articular pain
Back pain from degenerative disc disease or arthritis
Cervical pain from muscle stiffness, inflammation or 
degenerative disc disease
Skeletal muscle inflammation
Joint, tendinous or muscle overload
Psoriasis and psoriatic arthritis
Myositis and fibromyositis
Chronic polyarthritis
Autoimmune diseases (RA, MS, SEL)
Painful osteoporosis
Paresis and spastic contractures
Fibromyalgia
Cellulitis
Atopic dermatitis
Anxious-depressive syndrome
Sleep disturbances

Molecular
↓ TNFα (RA)
↓ Catalase (MS)
↑ Uric acid (MS)
↑ TAS (MS)
↑ SOD (MS)
Clinical
↓ Inflammation (RA)
↓ Pain (RA, FM, AS, LBP)
↓ Fatigue (RA, FM, MS)
↓ Disease score activity (RA, FM, AS)
↓ Morning stiffness (RA)
↓ Disability index (LBP)
↓ Depressive-anxiety symptoms (ADS)
↑ Walking (RA)
↑ Physician’s global assessment (RA)
↑ Quality of life (RA, FM)
↑ Functional score index (AS)
↑ Spinal mobility parameters (AS)
↑ Functional abilities (MS)
↑ General well-being (SPS, PJD)
↑ Mood (SS, PJD)
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Table 11.1  (continued)

Indications (according to ref. [13]) Effects (according to ref. [8])
Sports medicine
Muscle injuries, painful or fatigue syndromes
Skeletal muscle overload
Acute and overload tendinopathies
Post-exercise recovery
Power and resistance
Exercise-induced muscle damage and delayed-onset 
muscle soreness
Soft-tissue injuries

Molecular
↓ TNFα (RA)
↓ �IL-1α and IL-1β (limited  

post-exercise increase)
↓ IL-2
↓ IL-8
↓ CRP (limited post-exercise increase)
↓ sICAM
↓ PGE2
↓ Lactate production
↓ Lipid peroxidation products
↓ Markers of muscle damage
↓ GPx
↓ TBARS
↑ IL-1ra
↑ IL-10
↑ IL-6
↑ Catecholamines
↑ TAS
Clinical
↓ Muscle damage
↓ Pain
↑ Muscle strength
↑ Maximal voluntary contraction
↑ Well-being
↑ Workout power
↑ Autonomic response
↑ Sleep quality

TNFα tumour necrosis factor α, RA rheumatoid arthritis, MS multiple sclerosis, SEL systemic 
erythematosus lupus, TAS total antioxidant status, SOD superoxide dismutase, FM fibromyalgia, 
AS ankylosing spondylitis, LBP low-back pain, ADS anxiety-depressive syndrome, SPS spinal pain 
syndrome, PJD peripheral joint diseases, IL interleukin, CRP C-reactive protein, sICAM soluble 
intracellular adhesion molecule, PGE2 prostaglandin E2, GPx glutathione peroxidase, TBARS 
thiobarbituric acid-reactive substances, IL-1ra interleukin-1 receptor antagonist

As better described below, recent researches have shown positive effects of WBC 
on metabolic profile, low-to-moderate chronic inflammation and related diseases 
(e.g., obesity, insulin resistance, type 2 diabetes). Being cheap and easily accessible, 
WBC could be intended as an adjuvant method in the treatment of several dysmeta-
bolic conditions, such as overweight or obesity.

As a medical treatment, it must be performed in specialized centres based on 
specific medical indications. Contraindications to the treatment are known, although 
some of them are just precautionary, since evidence are not always available, and 
they include: cryoglobulinaemia, cold intolerance, Raynaud’s disease, hypothyroid-
ism, acute respiratory system disorders, cardiovascular diseases (unstable angina 
pectoris, NYHA stage III and IV cardiac failure), purulent-gangrenous cutaneous 
lesions, sympathetic nervous system neuropathies, local blood flow disorders, 
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cachexia and hypothermia. Obviously, claustrophobia and other conditions hinder-
ing the cooperation with patients, during the treatment, must be also considered. 
When appropriately performed, WBC is safe even for lung [49] and heart functions 
[50] and, contrarily to what was previously described [51], both single and multiple 
WBC sessions slightly reduce systolic and diastolic pressures (unpublished data).

A specific warning for PBC only is the possible risk of asphyxia associated with 
the unwanted inhalation of liquid nitrogen vapours during the treatment.

11.4.2	 �Evidences in Inflammatory Diseases

WBC effectiveness has been demonstrated in several conditions and diseases. In 
RA WBC at −110 °C had effects greater than WBC at −60 °C or local cold on the 
disease activity score (DAS), visual analogue scale (VAS) for pain [46] and swollen 
joint count, regardless of steroid treatment [28]. Although WBC was unable to elicit 
a measurable humoral response (e.g., inflammatory markers), but on histamine [40], 
it clearly improved several qualitative functional parameters more than the tradi-
tional physical therapies [22, 52]. Similarly, based on our and other groups’ studies, 
compared to analgesia/kinesiotherapy alone, the association with WBC had strong 
positive effects on pain, fatigue and indexes of physical and mental health (SF36) in 
a wide cohort of fibromyalgic patients [4] and on disease activity indexes, pain and 
spine mobility in ankylosing spondylitis patients [47]. Thanks to its antihistamine 
activity, WBC had also 8-week-lasting effects on mild-to-moderate atopic dermati-
tis in terms of itch, quality of sleep (<30%), disease activity and skin damages 
(<19%) [53]. Anti-inflammatory effects of WBC are due to immune system activa-
tion whose pattern mimics exercise. Indeed, a single WBC session is sufficient to 
mobilize white blood cells and to increase IL-6 [19, 20]. IL-6, for long time consid-
ered to be pro-inflammatory, actually exerts both pro- and anti-inflammatory func-
tions depending on the expression profile and the persistence in circulation: 
liver-derived chronically (even moderate) elevated levels sustain inflammation (as 
in sedentary and obesity); skeletal muscle-derived contraction-associated pulsating 
increases (even very high) exert anti-inflammatory effects (as in exercise) [54]; 
hence it is described as a myokine. Furthermore, WBC-dependent cytokine expres-
sion profile is precisely timed: IL-10 (anti-inflammatory) increases already after 5 
WBC, while IL-1β (pro-inflammatory) starts to decrease after around 10 sessions. 
At 20 sessions this effect remains for the following 2 weeks [19]. WBC improved 
muscle damage (creatine kinase, CK) and cytokine profile (IL-6, IL-1β, IL-10) in 
healthy and physically active young men who underwent a muscle damage-inducing 
eccentric exercise protocol [55]. WBC also limits oxidative stress, which is inti-
mately linked to inflammation [8, 56]. In multiple sclerosis (MS), an immune-
mediated disease featured by an imbalanced oxidative stress, WBC, associated to 
kinesiotherapy, improved total antioxidant status (TAS) [31, 43] and erythrocyte 
superoxide dismutase (eSOD) and, in males, it lowered circulating and pro-oxidant 
species to levels comparable to those of healthy subjects [31]. WBC also increased 
serum uric acid [31, 57], an important endogenous antioxidant (up to 1  month 
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post-treatment), and reduced disability (up to 3 months) [57]. Overall, published 
data record more or less significant shifts in immunological indicators; however, it 
is yet to be determined how long these changes are maintained.

Although, sometimes, with either no or only little measurable effects on biochem-
ical markers of disease, WBC always improves both functional indexes and feeling 
(e.g., pain, fatigue). This means that it modulates other, mainly unknown, homeo-
static functions: for example, we and others have reported that WBC decreases the 
stress hormone cortisol [58, 59] and improves sleep quality in stressful periods [60]. 
WBC also slightly lowers erythrocytes and haemoglobin, at least in active subjects, 
by enhancing the rate of intravascular haemolysis [61, 62], an effect that is com-
pletely abolished after 30 sessions thanks to a slight increase in erythropoietin [62].

WBC positively affects bone metabolism, too: in professional rugby players, 
WBC combined with training, but not training alone, induced circulating osteopro-
tegerin (OPG) while left unchanged the receptor activator of NF-κB (RANK) and its 
ligand (RANKL), key factors for osteoclast differentiation (the bone resorbing 
cells). Since OPG antagonizes RANKL, the raised OPG:RANKL ratio induced by 
WBC indicates a greater bone formation potential. Actually, RANKL is an immune-
derived modulator of bone metabolism: this is another anti-inflammatory effect of 
WBC [63].

11.4.3	 �Evidences in Metabolic Diseases: Perspectives 
for the Treatment of Obesity and Related Conditions

Recently, positive effects of WBC on the systemic metabolic profile [42, 55, 64] and 
on the metabolism of tissues involved in energy use and storage (skeletal muscle 
[65], adipose tissue [65, 66], bone [63]) have been shown. It is important to under-
line that the evidences in this field are still limited and, only very recently, research-
ers have started to investigate this potential effect of WBC. However, by borrowing 
the results obtained in studies on the metabolic effects of WBC in healthy subjects, 
along with the limited number of studies involving subjects affected by dysmeta-
bolic conditions (e.g. obesity), it is possible to argue its potential effectiveness in 
these conditions.

WBC dose-dependently affected the metabolic profile, in active males: 5 ses-
sions were ineffective; 10 sessions reduced triglycerides (TG) by a third; 20 ses-
sions decreased TG (from 108.0 ± 50.0 to 69.4 ± 27.2 mg/dL), total cholesterol (TC, 
from 172.6 ± 44.5 to 151.8 ± 53.8 mg/dL) and LDL cholesterol (from 97.7 ± 48.3 
to 72.8  ±  52.0  mg/dL), and improved HDL cholesterol (from 53.2  ±  16.5 to 
63.1  ±  27.4  mg/dL) and non-esterified fatty acids (NEFA, from 0.64  ±  0.4 to 
0.79 ± 0.3 mmol/L), and their relative ratios, but not glycaemia [64]. HDL, LDL and 
TG were also improved in obese adults by combining a 6-month aerobic exercise 
program and 20 WBC sessions at the start and at the end of the protocol [42]. Being 
lipids, the main source of energy, as well as the main thermogenic substrate, it is 
conceivable that the WBC-induced intense cold stimulus has an effect on lipid 
metabolism [13].
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In physically active young males, who performed a 30-min step-up/ step-down 
exercise, blood TC and LDL decreased in those who underwent twice-daily ses-
sions of WBC over 5 consecutive days (43% and 52%, respectively) while it 
increased in those who passively recovered. Similar improvements were recorded 
for TC and TG [55]. Importantly, the same group of researchers showed that WBC 
positively affected the obesity-associated low-grade inflammation but the size of 
this effect was dependent upon the muscle mass and the cardiorespiratory fitness 
(CF) [66]. Chronic low-grade inflammation (also named metabolic inflammation) is 
defined as a chronic inflammatory state driven by the chronically elevated liver- and 
white adipose tissue (WAT)-derived IL-6 that keeps the phlogistic process turned on 
[67, 68]. The trigger is represented by the accumulation of lipids into the WAT that 
attracts the macrophages. Activated macrophages release cytokines that determine a 
shift of the entire WAT towards a pro-inflammatory phenotype characterized by the 
increased secretion of pro-inflammatory mediators (IL-6, TNFα, plasminogen acti-
vator inhibitor 1 (PAI1), leptin, macrophage chemoattractant protein 1 (MCP1), 
IL-18, resistin, visfatin) and the inhibition of the anti-inflammatory species (adipo-
nectin). This immune activation, together with the hyperglycaemia-dependent 
hyperinsulinaemia and hypercortisolism, causes, in turn, the establishment of a 
vicious cycle that feeds the inflammation and its deleterious effects. Indeed, for 
instance, chronically elevated TNFα impairs the ability of insulin to stimulate the 
translocation of the insulin-dependent glucose transporter 4 (GLUT4) to the cell 
membrane and, consequently, further reduces the already impaired glucose uptake 
into muscle cells. Also IL-6, when chronically elevated, fails in stimulating the 
GLUT4 translocation to the plasma membrane. Chronic low-grade inflammation, 
other than being linked to metabolic syndrome (insulin resistance, type 2 diabetes, 
cardiovascular disease, atherosclerosis and fatty liver disease) and to aging and life-
style factors (smoking, obesity, dietary patterns, cognitive decline and cachexia), is 
also an independent and consistent predictor of all-cause mortality [69].

Recent findings support the concept that WBC somehow mimics exercise and it 
can thus be applied as an adjuvant to exercise interventions in obesity and dysmeta-
bolic conditions [13]. In obese subjects, who underwent to ten sessions of WBC 
over 2 weeks, the drop of chronically elevated IL-6, TNFα and adipokines (resistin, 
visfatin) was greater in subjects with a low CF (LCF, i.e., those with the a worse 
metabolic phenotype) than in those with a high CF (HCF). IL-10, instead, was simi-
larly increased [66]. In another study, LCF and HCF middle-aged obese men (BMI 
>30 kg/m2), exposed to ten consecutive sessions of WBC over 2 weeks, displayed a 
similar decrease in CRP but a different response in terms of circulating irisin con-
centration. This myokine, that is induced by exercise, stimulates WAT browning and 
is linked to an enhanced thermogenic capacity ([70, 54]), was slightly increased in 
both groups within 24 h after the first session of WBC but, more interestingly, the 
magnitude of the increase was greater in LCF than in HCF subjects [65]. These 
results match with the observation of Lee and colleagues who described the rise of 
irisin and the decrease of fibroblast growth factor 21 (FGF21) in response to cold-
water immersion that was interpreted as a sign of non-shivering thermogenesis [71]. 
Very recently we have confirmed that WBC is also able to decrease circulating 
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FGF21 in a cohort of female volleyball players [72]. Both WAT and brown adipose 
tissues (BAT) are activated during cold exposure and, particularly, BAT is “con-
sumed” during exposure to cold, contributing to energy metabolism [13].

In our recent research involving 45 healthy male students from a military acad-
emy who were exposed to 30 consecutive WBC sessions, we confirmed the positive 
changes in lipid profile (decrease in TC and increase in HDL) and, moreover, we 
found a decrease in ApoB:ApoA-I ratio, constituents of LDL and HDL, respec-
tively. These changes, initiated after the 20th WBC session, were further pushed at 
the 30th session and were kept for a month after the last session. These findings 
confirm the metabolic benefits resulting from a prolonged exposure to cryogenic 
temperatures and support the postulate of using WBC as an intervention to improve 
lipid metabolism and to prevent cardiovascular diseases [73].

Redox balance is known to be linked to inflammatory response and, hence, to 
metabolic inflammation [69]. As described above, WBC is effective in counteract-
ing the production of pro-oxidant species and in increasing the amount of antioxi-
dant compounds. In a cohort of healthy subjects (24 males and 22 females) those 
who were exposed to ten consecutive WBC sessions displayed increased plasma 
levels of uric acid, SOD and total antioxidants compared to both baseline and those 
subjects who were not submitted to WBC [31].

Taken together, the available evidences support the hypothesis about the benefi-
cial effect of WBC on lipid metabolism and on the inflammatory phenotype of the 
adipose tissue and, hence, as a possible approach in the treatment of dysmetabolic 
conditions such as obesity, insulin resistance and metabolic syndrome.

11.5	 �Conclusion: Current Limitation and Future Perspectives

Despite the increasing interest around the metabolic effects of WBC, no studies 
have gone deeper into the investigation of its effects on the functionality of pancre-
atic islets, insulin sensitivity and metabolic syndrome as well as on the hormonal 
axis connecting the different tissues involved in the whole-body management of 
energy. Inflammation is the key feature of all the dysmetabolic conditions [54, 74] 
and WBC has proven anti-inflammatory exercise-mimicking effects; hence it is con-
ceivable that patients affected by dysmetabolic conditions, such as obesity and glu-
cose intolerance, could benefit from the treatment alone or even better in association 
with physical activity interventions.

However, despite these putative beneficial effects, several issues still limit a wide 
clinical application of WBC. Besides the limited availability of WBC devices, dif-
ferently from PBC devices that, despite the above-mentioned issues, are more dif-
fused (and advertised), the main limitation is represented by the lack of any protocol 
customization. In other terms, besides the differences in the working temperature of 
cryochambers (generally ranging from −110 °C to −140 °C) and the theories about 
the most effective number of sessions [18, 20, 62, 64], the majority of protocols 
contemplate 3-min-long exposures (30 s in a pre-chamber and 2 min 30 s-to-3 min 
in a cryochamber) without considering the body composition and, therefore, the 
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cooling potential of each subject. Indeed, it is well established that body composi-
tion (i.e., fat mass) is the main variable affecting the decrease in body (skin and 
core) temperature. Consequently, the decrease in temperature obtained in obese 
subjects is smaller compared to that gained in normal-weighted persons [75]. In 
addition, body composition is constitutively different between men and women [76] 
and it changes with age, too [76].

In conclusion, the clinical application of WBC as an adjuvant in the treatment of 
obesity and related co-morbidities is desirable but, at the same time, a great effort in 
the determination of the optimal treatment regimen is needed.
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Key Points
•	 Virtual reality (VR) technology is an integrated experiential platform able 

to engage obese individuals in mastering physical activity, diet, and self-
regulatory strategies—targeting both emotions and experience of the body.

•	 It provides a safe environment for learner experimentation, real-time 
personalized behavioral weight management tasks, and strategies.

•	 It is able to target negative emotions and body image dissatisfaction that 
play a critical role in the onset and maintenance of this disorder.

•	 It has the potential of improving treatment adherence, addressing a critical 
issue to achieve successful weight loss and weight maintenance.
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12.1	 �Introduction

The evolution of technology is providing new tools and methods for health care [1]. 
Between them, an emerging trend is the use of virtual reality (VR) [2–4].

Computer scientists define VR as a set of fancy technologies used to create a 
simulated environment [5]: an interactive 3D visualization system (a computer, a 
game console, or a smartphone) supported by one or more position trackers and 
head-mounted display. The trackers sense the movements of the user and report 
them to the visualization system which updates the images for display in real time.

However, psychology and neuroscience define VR as [6] “an advanced form of 
human-computer interface that allows the user to interact with and become immersed 
in a computer-generated environment in a naturalistic fashion” (p. 82). In fact, from 
a cognitive viewpoint, VR is mainly a subjective experience that makes the user 
believe that he/she is there, that the experience is real [7]. Why? As underlined 
recently [8, 9], VR shares with our brain the same basic mechanism: embodied 
simulations. According to neuroscience our brain, to effectively regulate and control 
the body in the world, creates an embodied simulation of the body in the world used 
to represent and predict actions, concepts, and emotions. VR works in a similar 
way: the VR experience tries to predict the sensory consequences of the individual’s 
movements providing to him/her the same scene he/she will see in the real world. 
This transforms VR into an experiential technology that is able to target at the same 
time both the body and the mind.

As underlined by two different meta-reviews [7, 8] discussing 48 different sys-
tematic reviews and meta-analyses, VR is a powerful clinical tool for behavioral 
health, able to provide assessment and effective treatment options for different men-
tal health problems. Specifically, VR compares favorably to existing treatments in 
anxiety disorders, eating and weight disorders, and pain management, with long-
term effects that generalize to the real world. Moreover, they show the potential of 
VR as an assessment tool with practical applications that range from social and 
cognitive deficits to addiction. Finally, they suggest a clinical potential in the treat-
ment of psychosis and in the pediatric field.

In this chapter we focus our analysis to the field of obesity, discussing the poten-
tial of VR to achieve successful weight loss and weight maintenance [10–13]. In 
particular we discuss three different applications of VR in this field: exergames, 
emotion regulation, and multisensory integration.

12.2	 �VR for Exergames

The term “exergames,” the fusion of the words “exercise” and “gaming,” indicates 
video games that provide also a form of exercise. As explained by Rizzo and col-
leagues [13]: “The core concept of exergaming rests on the idea of using vigorous 
body activity as the input for interacting with engaging digital game content with 
the hope of supplanting the sedentary activity that typifies traditional game interac-
tion that relies on keyboards, gamepads, and joysticks.” (p. 259).
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By creating engaging digital gaming interacted via body movements, the motiva-
tion to participate in calorie-burning cardiovascular exercise activities is increased. 
In particular, the three factors influencing motivation and compliance [14]—feed-
back, challenge, and rewards—are all supported by virtual reality experiences.

Feedback is a critical part of physical exercise because it offers informative and 
evaluative feedback on skill development and progress, allowing the perceptions of 
competence and the identification of possible errors or shortcomings. Typically 
feedbacks can be visual, auditory, or sensory, but in VR their integration and mul-
tiple use are possible: for example, a progress bar with the remaining time and tasks, 
physical indications in the player avatar (stumbling, showing a slower pace, etc.), a 
sound to indicate the amount of exercise left, and other avatars (e.g., the virtual 
coach) commenting on the performance.

According to the theory of “flow” introduced by Csikszentmihalyi [15, 16] an 
optimal match between skill and challenge is critical to achieve an intrinsically 
motivating experience. In this view, the ability of the exergame to assess the skill of 
the user and to provide a level of challenge matched to it is required to guarantee 
compliance and motivation. VR facilitates this process. Using VR it is possible to 
develop exergames in which subjects experience themselves as competent and effi-
cacious [5, 17]. Specifically, the VR experience can offer different difficulty lev-
els—from easy tasks to very difficult ones—offering a controlled setting in which 
the individual is able to develop new skills through trials and errors. Using this 
approach, the level of challenge can be balanced to the skill of the user so that fail-
ures can support perceived relatedness and competence without reducing perceived 
competence [14].

The final component for the success of exergames is reward. It is well known that 
external rewards support behavior as long as the rewards are present, but intrinsi-
cally motivated activity is more likely to produce long-term change [18]. Again, VR 
supports the provision of effective reward, by allowing two different types of reward 
[14]: controlling rewards that are task and performance contingent and autonomy-
supportive rewards that are verbal and task noncontingent. In particular, it allows 
the use of embodiment as a form of autonomy-supportive reward through specific 
poses and ballets that can be replicated and shared by users. Differently by non-VR 
videogames, the use of embodied avatars with normal body size has the potential to 
increase the effectiveness of exergames among overweight children as demonstrated 
by a recent study [19].

These principles have been used in different successful exergames [20–23]. For 
example, Astrojumper is an immersive virtual reality exergame used to engage chil-
dren and adults in rigorous, full-body exercise [20]. The overall goal of this exer-
games is relatively easy: users fly through an immersive, stereoscopic outer space 
environment in first-person perspective and they have to avoid or grab the different 
virtual planets that are speeding toward them. As the authors explain [20]: “To make 
sure that Astrojumper would be playable for users at all levels of physical fitness, 
Astrojumper begins very slowly, providing all users with a warm-up phase. After this 
phase is complete, planets will begin to gradually come out at a slightly faster rate. If 
the player is successfully able to avoid these planets, the speed will continue to 
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increase. If the player starts to collide with the planets, their speed will reduce. This 
back-and-forth adjustment finds a speed where the player can successfully avoid 
almost all of the planets, and will continuously update throughout the game.” (p. 87).

The achieved results support this approach. A study involving 30 subjects (10 
participants were children and 20 were adults) demonstrated that Astrojumper is an 
effective way to provide a workout, motivating both children and adults to exercise 
through immersive VR [20].

Up to now the most significant barrier to the wide use of VR exergames is cost 
[22]. However, the appearance of cheaper stand-alone VR devices (see Table 12.1) 
associated to successful commercial VR exergames like Beat Saber or Dance 
Central may improve the use of this approach in the prevention and treatment of 
obesity.

12.3	 �VR for Emotion Regulation

Stress and negative emotions have been shown to be critical factors in inducing 
overeating as a form of maladaptive coping in some patients with obesity. According 
to the theory of emotional eating [24], eating is used as a strategy to regulate or 
escape negative emotions and it is related to both obesity and binge eating disorders. 
Specifically, Macht identified five classes of emotion-induced changes of eating 
[24]: (1) emotional control of food choice, (2) emotional suppression of food intake, 
(3) impairment of cognitive eating controls, (4) eating to regulate emotions, and (5) 
emotion-congruent modulation of eating. Different studies suggest the ability of VR 
to address many of them.

First, using VR is possible to modulate food craving, the intense desire to con-
sume a specific food (selective hunger). According to Jansen [25] once eating 
behavior has been established, exposure to specific food cues—i.e., cues systemati-
cally associated with food intake such as the presence of high-calorie food—induces 
a conditioned response (hyperinsulinemia), which thus activates a hypoglycemic 
compensatory response. This biochemical response is experienced as food craving 
and may lead to an eating episode. However, by exposing participants to these cues, 
cue exposure therapy is designed to progressively break the mental links that typi-
cally precede using. For example, in cue exposure therapy (CET), an obese indi-
vidual may be exposed to a chocolate cake or any other high-calorie food. Initially, 
the exposure to the cue prompts the brain to “expect” consumption. However, fre-
quent exposure to different cues—without eating—reduces the likelihood of a cue-
induced eating in the future by desensitizing the brain’s reaction.

VR is perfect for CET. On one side, as demonstrated by Gorini and colleagues 
[26], real food and virtual food induced a comparable emotional reaction in patients 
that is higher than the one elicited by photos of the same food. More, unlike expo-
sure to photographs, in vivo exposure, and guided imagination, VR offers a good 
ecological validity, and also a fair internal validity, while allowing strict control over 
the variables. This is true also for social interactions in VR. As demonstrated by 
Balzarotti and colleagues [27], VR avatars are recognized as intentional agents and 
users adjust their emotion nonverbal behavior according to the behavior of the 
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avatar. On the other side, several studies support the ability of food-related VR envi-
ronments to induce food craving [28, 29].

Their results [30] suggest that craving experienced in VR environments incorpo-
rating cues and contexts related to binging behavior was consistent with trait and 
state craving assessed (with questionnaires) outside the VR environments. In addi-
tion, participants with the highest scores on trait and state craving also experienced 
craving when exposed to food in VR. Finally, scores on questionnaires assessing 
trait and state craving were able to predict the average craving experienced in VR.

These results provide a clear rationale for the use of VR-CET with eating-
disordered patients. And different studies are providing an experimental support to 
this claim.

A first study assessed the efficacy of CET based on VR (VR-CET) as a second-
level treatment in patients with bulimia nervosa (BN) and binge eating disorders 
[31]. With this objective in mind, 64 patients diagnosed with BN or BED, according 
to DSM-5 who were treatment resistant (that is, their binges persisted after CBT), 
were randomly assigned to one of the two booster session conditions: a VR-CET 
booster sessions group, and a CBT booster sessions group (the control group).

Booster sessions consisted of six 60-min sessions held twice weekly over a 
period of 3 weeks. Over the six sessions, participants in the experimental group 
were exposed to different VR environments related to binge behavior, according to 
a previously constructed hierarchy. During exposure, patients faced high-risk situa-
tions and handled the virtual foods using a computer mouse. Exposure ended after 
a significant reduction in the level of anxiety, or after 60 min. Participants in the 
control group received six CBT booster sessions to improve treatment outcome.

A significant interaction between group (VR-CET vs. CBT) and time (before and 
after booster sessions) was expected, showing the maintenance of the number of 
binges and purges before and after booster sessions in the control group (CBT) and 
a reduction in the experimental group (VR-CET).

After the six booster sessions, patients in both CBT and VR-CET conditions 
presented improvement. However, participants in the VR-CET group showed sig-
nificantly higher reductions in binges, purges, bulimia symptoms (assessed with the 
Bulimia scale of the Eating Disorders Inventory-3; EDI-3), craving for food 
(assessed with the Food Craving Questionnaire-State/Trait; FCQ-S/T), and anxiety 
(State and Trait Anxiety Inventory, STAI) than patients in the CBT group. A follow-
up study showed that the VR-CET group maintained the obtained results also after 
6  months [32]. Moreover the obtained reductions were greater after VR-CET, 
regarding binge and purge episodes, as well as the decrease of self-reported ten-
dency to engage in overeating episodes.

In sum, these results support the use of VR-CET as an effective way for reducing 
food craving and related behaviors in eating- and weight-disordered individuals.

Second, VR can also be used to improve emotion regulation. In a different study 
Manzoni and colleagues [33] evaluated the efficacy of a 3-week relaxation protocol 
enhanced by VR in reducing emotional eating in a sample of 60 female inpatients with 
obesity who report emotional eating. To reach this goal they used a three-arm explor-
atory randomized controlled trial with 3  months of follow-up. The intervention 
included 12 individual relaxation training sessions provided traditionally (imagination 
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condition) or supported by virtual reality (virtual reality condition). Control partici-
pants received only standard hospital-based care. Their data show that VR-enhanced 
relaxation training was effective in reducing emotional eating episodes and depressive 
and anxiety symptoms, and in improving perceived self-efficacy for eating control at 
3-month follow-up after discharge. The virtual reality condition proved better than the 
imagination condition in the reduction of emotional eating. Weight decreased in sub-
jects in all three conditions without significant differences between them, probably 
due to the common treatment all inpatients received. In conclusion, VR-enhanced 
relaxation training is a useful tool for reducing emotional eating episodes and thereby 
reducing weight and obesity.

12.4	 �VR for Improving Multisensory Integration

In our culture most women are dissatisfied with their body: one adolescent girl out 
of two reports body dissatisfaction [34]. And recent studies highlighted that socio-
cultural pressure to be thin is central to the development of negative feelings about 
the body, which are recognized as critical risk factor for the emergence of over-
weight and obesity [35–37].

A first longitudinal study [37] used data from a prospective study of 496 adoles-
cent girls who completed a baseline assessment at age 11–15 years and four annual 
follow-ups to test whether behavioral and psychological risk factors predict the onset 
of obesity during adolescence and to compare the predictive power of these factors 
with that of parental obesity. Contrary to hypotheses, elevated intake of high-fat 
foods, binge eating, and exercise did not predict obesity onset. Instead the most 
important predictor was elevated dietary restraint scores associated to maladaptive 
compensatory behaviors for weight control, such as vomiting or laxative abuse.

Moreover, a second study [35] tried to identify 10-year longitudinal predictors of 
overweight incidence during the transition from adolescence to young adulthood 
using a population-based cohort (N = 2134). At 10-year follow-up, 51% of young 
adults were overweight (26% increase from baseline). Among females and males, 
higher levels of body dissatisfaction, weight concerns, unhealthy weight control 
behaviors (e.g., fasting, purging), dieting, binge eating, weight-related teasing, and 
parental weight-related concerns and behaviors during adolescence and/or increases 
in these factors over the study period predicted the incidence of overweight at 
10-year follow-up.

Finally, a third longitudinal study [36] explored whether weight-based teasing in 
adolescence predicts adverse eating and weight-related outcomes 15 years later. The 
results are quite clear: weight-based teasing in adolescence predicted higher BMI 
and obesity 15  years later. For women, these longitudinal associations occurred 
across peer- and family-based teasing sources, but for men, only peer-based teasing 
predicted higher BMI.

For this reason, the “objectification theory” suggests a significant role of culture 
and society in the etiology of eating and weight disorders. Introduced by Fredrickson 
and Roberts [38], this theory suggests that our culture imposes a specific self-
evaluation model—self-objectification—defining women’s behavioral and 
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emotional responses [39–41]. At its simplest, the objectification theory holds that 
[1] there exists an objectified societal ideal of beauty (within a particular culture) 
that is [2] transmitted via a variety of sociocultural channels. This ideal is then [3] 
internalized by individuals, so that [4] satisfaction (or dissatisfaction) with appear-
ance will be a function of the extent to which individuals do (or do not) meet the 
ideal prescription [42].

The internalization of an observer’s perspective on one’s own body is labeled as 
“self-objectification” [43, 44] and reduces a woman’s worth to her perception of her 
body’s semblance to cultural standards of attractiveness [45].

Even if self-objectification can be a critical risk factor for the development of 
obesity and overweight through its link with teasing, body image dissatisfaction, 
and unhealthy weight control behaviors the objectification theory is still not able to 
answer two critical questions [46]: Why do not all the individuals experiencing self-
objectification develop EDs? What is the role of the body experience in the etiology 
of obesity?

Here we will embrace an emerging field of neuroscience—the multisensory integra-
tion of bodily representations and signals [47, 48]—to answer the above questions.

Multisensory body integration is a critical cognitive and perceptual process, 
allowing the individual to protect and extend his/her boundaries at both the homeo-
static and psychological levels [49, 50]. To achieve this goal the brain integrates 
sensory data arriving from real-time multiple sensory modalities and internal bodily 
information with predictions made using the stored information about the body 
from conceptual, perceptual, and episodic memory. In this view the emotional [51], 
motor [52], proprioceptive [53], and interoceptive [54] deficits reported by many 
authors in individuals with obesity may reflect a broader impairment in multisen-
sory body integration [55]. Specifically it can affect the individual’s abilities [47, 
48]: (a) to identify the relevant interoceptive signals that predict potential pleasant 
(or aversive) consequences and (b) to modify/correct the autobiographical allocen-
tric (observer view) memories of body-related events (self-objectified memories).

The first effect of an impaired multisensory body integration is a prospective 
aversive body state [56]. This situation makes it difficult for obese individuals to 
obtain and regulate a sense of self and could contribute to the problems with body 
image and self-disturbances.

The second effect of an impaired multisensory body integration is that obese 
patients may be locked to an allocentric disembodied negative memory of the body 
that is not updated even after a demanding diet and a significant weight loss [57, 
58]. Therefore, successful dieting attempts are not able to improve body dissatisfac-
tion and subjects may either start more radical dieting attempts or, at the opposite 
end, engage in “disinhibited” eating behaviors [44].

VR allows to target an impaired multisensory body integration through two dif-
ferent strategies—“reference frame shifting” [59, 60] and “body swapping” [61, 
62]—that can be integrated within a classical cognitive-behavioral training (CBT) 
for obesity.

The first method, “reference frame shifting” [59, 60], structures the individual’s 
bodily self-consciousness (see Table 12.2) through the focus and reorganization of 
its contents [60, 63].
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To achieve it, the subject re-experiences in VR a negative situation related to the 
body (e.g., teasing) both in first person and in third person (e.g., seeing and supporting 
his/her avatar in the VR world) integrating the therapeutic methods used by Butters 
and Cash [64] and Wooley and Wooley [65]. Specifically, the VR situations are used 
in the same way as guided imagery [66] is used in the cognitive and visual/motorial 
approach. In general, the therapist asks the patient to give detailed descriptions of the 
virtual experience and of the feelings associated with it. Furthermore, the patient is 
taught how to cope with them [66].using different techniques (see Table 12.2).

This approach has been successfully used in different randomized trials with 
obese patients [67, 68] allowing both to update the contents of their body memory 
and to improve the clinical outcomes over traditional CBT.

In the second—“body swapping” [61, 62]—VR is used to induce the illusory 
feeling of ownership of a virtual body with a different shape and/or size. Since the 
publication by Botvinick and Cohen [69] revealing that it is simple to generate in 
people the illusion that a rubber hand is part of their body (rubber hand illusion—
RHI), there has been increasing research interest in the study of bodily illusions. 

Table 12.2  The VR body image rescripting protocol (adapted from Riva, 2011)

Phase 1: 
Interview

During a clinical interview the patient is asked to relive the contents of the 
allocentric negative body image and the situation/s in which it was created and/
or reinforced (e.g., being teased by my boyfriend at home) in as much detail as 
possible. The meaning of the experience for the patient was also elicited.

Phase 2: 
Development 
of the VR 
scene

The clinician reproduces the setting of the identified situation (e.g., the corridor 
of the classroom where my boyfriend teased me) using the VR development 
toolkit.

Phase 3: 
Egocentric 
experience of 
the VR scene

The patient is asked to re-experience the event in VR from a first-person 
perspective (the patient does not see his/her body in the scene) expressing and 
discussing his/her feelings. The patient is then asked what was needed to 
happen to change the feelings in a positive direction.
The main cognitive techniques used in this phase, if needed, are:
 � Countering: Once a list of distorted perceptions and cognitions is developed, 

the process of countering these thoughts and beliefs begins.
 � Label shifting: The patient first tries to identify the kinds of negative words 

she uses to interpret situations in her life, such as bad, terrible, obese, 
inferior, and hateful. The situations in which these labels are used are then 
listed. The patient and therapist replace each emotional label with two or 
more descriptive words.

Phase 4: 
Allocentric 
experience of 
the VR scene

The patient is asked to re-experience the event in VR from a third-person 
perspective (the patient sees his/her body in the scene) intervening both to calm 
and reassuring his/her virtual avatar and to counter any negative evaluation. The 
therapist follows the Socratic approach. For example: “What would need to 
happen for you to feel better? How does it look through the eyes of a third 
person? Is there anything you as a third person like to do? How do the other 
people respond?”
The main cognitive techniques used in this phase, if needed, are:
 � Alternative interpretation: The patient learns to stop and consider other 

interpretations of a situation before proceeding to the decision-making stage.
 � Deactivating the illness belief: The therapist first helps the client list her 

beliefs concerning weight and eating.
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Specifically, this term refers to controlled illusory generation of unusual bodily feel-
ings, such as the feeling of ownership over a rubber hand that affects the experience 
of a body part or the entire body (i.e., a body-swap illusion).

More recently, an increasing body of pioneered research conducted by Riva team 
[70, 71] revealed that the embodiment in a virtual body that substitutes the own 
body in virtual reality with visuo-tactile stimulation (body-swap illusion) alters 
body percept (i.e., participants are significantly fatter or thinner than they really are) 
suggesting, among others, that virtual reality is more than a way of placing people 
in a simulated world (i.e., manipulating their sense of place).

A first study [70] has showed that the body-swap illusion is able to induce an 
update of the negative stored representation of the body. In particular, it has been 
found that after embodying a virtual body with a skinny belly there was an update 
of the “remembered body,” with women reporting a significant (post-illusion) 
decrease in their body-size distortion. Consistent with this perspective, Preston and 
Ehrsson [72] induced an illusory ownership over a slimmer mannequin by synchro-
nously stroking the mannequin body and the corresponding part of the participants’ 
body. It has been found that that the illusory ownership over a slimmer body 
decreases significantly participants’ perceived body size but also increases signifi-
cantly participants’ body satisfaction.

Support for the use of bodily illusions to alter the dysfunctional experience of the 
body in obesity comes from a recent published study [71]. Serino and colleagues 
showed that a (virtual reality) body-swap illusion, which generates the (converse) 
illusion that a fat person is thin, was able to increase body satisfaction and reduce 
body-size distortion in a non-operable super-super-obese patient (i.e., with body 
mass index >60 kg/m2). In addition to the improvement in the bodily experience, the 
illusion was able to increase patient’s motivation to maintain healthy eating behav-
iors. While no studies to date have directly exploited the capability of the bodily 
illusions in obese treatment, the evidence deriving from the extant experimental stud-
ies for a (a) direct link between perceptual (described as an inability to accurately 
estimate body size) and affective (described as subjective body dissatisfaction) body-
image components and (b) a positive affective response with the body illusion-mod-
ulated severe obesity [71] may suggest clinical applications for these methods.

12.5	 �Conclusions

Most clinicians and patients consider obesity just as a problem of energy input and 
expenditure: more energy input than expenditure. However, the clinical practice and 
epidemiological data clearly show that obesity is more complex than expected by 
this simple equation.

In this chapter we underlined significant potential of VR in this process by dis-
cussing three different applications of VR: exergames, emotion regulation, and mul-
tisensory integration.

The term “exergames,” the fusion of the words “exercise” and “gaming,” indi-
cates digital experiences that provide also a form of exercise able to increase the 
motivation to participate in calorie-burning cardiovascular activities. In particular, 
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VR is able to support the three factors influencing motivation and compliance 
[14]—feedback, challenge, and rewards—with different studies supporting its clini-
cal efficacy. Up to now the most significant barrier to the wide use of VR exergames 
is cost [22]. However, the appearance of cheaper stand-alone VR devices (see 
Table 12.1) associated to successful commercial VR exergames may improve the 
use of this approach in the prevention and treatment of obesity.

Stress and negative emotions have been shown to be critical factors in inducing 
overeating as a form of maladaptive coping in some patients with obesity. Different 
studies suggest the ability of VR to address many of them.

First, using VR is possible to modulate food craving, the intense desire to con-
sume a specific food (selective hunger) and related behaviors in eating- and 
weight-disordered individuals. Moreover, VR-enhanced relaxation training is a 
useful tool for reducing emotional eating episodes and thereby reducing weight 
and obesity.

Other critical risk factors for the emergence of overweight and obesity are that 
sociocultural pressure to be thin is central and the development of negative feelings 
about the body, in particular self-objectification [35–37]. When these factors are 
associated to an impaired multisensory body integration they produce a paradoxical 
situation [57, 58]: obese patients may be locked to an allocentric disembodied nega-
tive memory of the body that is not updated even after a demanding diet and a sig-
nificant weight loss. Therefore, successful dieting attempts are not able to improve 
body dissatisfaction and subjects may either start more radical dieting attempts or, 
at the opposite end, engage in “disinhibited” eating behaviors [44]. VR is able to 
correct an impaired multisensory body integration through two different strate-
gies—“reference frame shifting” [59, 60] and “body swapping” [61, 62]—that can 
be integrated within a classical cognitive-behavioral training (CBT) for obesity. If 
the first strategy is already backed by different randomized controlled trials with 
obese patients [67, 68], no randomized studies to date have directly exploited the 
capability of the bodily illusions in obese treatment. However, the evidence deriving 
from different basic research studies and the result of a case study [71] may suggest 
clinical applications for this method, too.

In conclusion, the available clinical data suggest the added value of VR as part of 
an integrated obesity treatment targeting both the physical and the psychological 
side of the problem. Longer follow-up data and multicentric trials are required to 
investigate the possible effects of the behavioral, emotional, and body image 
changes on the long-term maintenance of the weight loss.
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Key Points
•	 rTMS modifies cerebral activity level by means of noninvasive application 

of magnetic fields.
•	 Low-frequency (<1  Hz) TMS inhibits cortical excitability, and high-

frequency (>5 Hz) TMS enhances cortical excitability by increasing neu-
ronal depolarization.

•	 Nonmajor side effects have been reported; the most frequently reported 
event is a short-lasting headache; risk of seizure is not high, but more fre-
quent with high-frequency stimulation; epilepsy and medications that 
reduce seizure threshold represent relative contraindications to rTMS.

•	 Based on the similarity between food craving and addiction and neuroim-
aging studies, treatment of eating disorder related to obesity with rTMS 
and dTMS has been proposed in the last years.
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New health technologies are a hot topic for rehabilitation treatments [1]. New high-
tech instruments are nowadays available and there is also pressure from patients 
looking for novel effective approaches. This is the case of the transcranial magnetic 
stimulation (TMS) techniques and in general of the neuromodulation approach. The 
key feature of these technologies is the chance to modify the cerebral level of activ-
ity by means of noninvasive magnetic field application [2, 3]. TMS is not the only 
way to perform neuromodulation and the technique itself presents different modali-
ties of application. To decide which one is the best for obese patients, it is important 
to understand the neurocognitive point of view about obesity. There are at least four 
different models [4]: the “food addiction” model, the reward hyper-responsivity 
theory, the opposite reward hypo-responsivity theory, and the lack of inhibitory con-
trol theory.

In line with the aim of this book, the main topic that will be discussed here is the 
applications of noninvasive neuromodulation rTMS techniques in psychological 
and behavioral disorders associated with obesity. Some stimulation protocols have 
been proven to be of clinical effectiveness in mood disorders [5]. Moreover, scien-
tific research is now addressing the effects of these treatments on metabolic pro-
cesses [6, 7].

In this chapter, we discuss the following topics:

–– The basic theoretical information about rTMS as a tool that can modify the activ-
ity of central nervous system for therapeutic purposes

–– The recommendations for a safe use of rTMS
–– The indications provided by guidelines to orientate among the different protocols 

of treatment for obese patients
–– The new perspective of research in this field

13.1	 �Plasticity and Neuromodulation: What Is Stimulated 
and Why

The greater misunderstanding of the twentieth-century neuroscience was the attri-
bution of static property to central nervous system that is not responding to the 
simplest empiric observation that can be done by everyone, e.g., the learning ability. 
This happened even if a lot of information about the functioning of the fundamental 
element of this system (neuron) was already present. The key concept to understand 
it is the extraordinary feature of these biological “devices” that works through a 
dialogue between biochemical and electrical phenomena. On the other hand, the 

•	 There is evidence in favor of a reduction of food craving following high-
frequency rTMS treatment on the left dorsolateral-prefrontal cortex.

•	 In general, the level of evidence of rTMS treatment so far is A for mood 
disorder and neuropathic pain, and B for stroke patient.
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great novelty of the twenty-first-century neuroscience was the introduction of the 
concept of plasticity that involves the basic functioning of the same system that till 
some years ago was believed to be unchangeable [8].

Plasticity could be described as the ability of a system to permanently modify its 
function or structure after a stimulus or an experience as occurring in everyone’s 
daily life. Every single experience can contribute to shaping the activity of nervous 
system. The fundamental rule of this process is that the more intense and repeated 
the stimulus is, the more it will be able to induce functional and/or structural changes 
maintained over time [8]. This gives an immediate idea to the burden that could 
derive from certain behaviors and eating habits in obese patients.

The potential plasticity is known to act in two different directions [9]:

–– Long-term potentiation effect (LTP): This leads to a greater neuronal response 
after repetitive stimuli typically applied with high frequencies (Figs.  13.1 
and 13.2).

–– Long-term depression effect (LTD): This gives a reduction in the neuronal 
response after repetitive stimuli applied with low frequencies (Figs.  13.3 
and 13.4).

In the plasticity concept, “long term” indicates a regulation divided into two 
phases: an early phase (within 90 min) and a late phase (lasting more than few hours, 
due to protein modifications). In the regulation of these responses both electrical and 
biochemical neuronal activities physiologically interact at different levels:

–– Synaptic activity: This is the first level of nervous system modulation with gain or 
lowering function, as far for the possibility to have an extension or a reduction of the 
dendritic tree, according, respectively, with potentiation or depression processes 
explained above; the main driver of synaptic plasticity seems to be glutamate that 
activates NMDA channels allowing calcium intake in the postsynaptic neurons.

Fig. 13.1  Mechanism of synaptic plasticity where potentiation occurs after a high-frequency 
stimulation (identified as a sequence of spike in the presynaptic termination) that produces a 
release of neurotransmitters and an overexpression of postsynaptic receptors
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–– Neuronal differentiation: It is the second level of structural modulation by means 
of different growth factors such as the well-known nerve growth factor (NGF) 
and the brain-derived nerve growth factor (BDNF) to support the so-called neu-
rogenesis or on the other hand to stimulate apoptotic processes.

Fig. 13.2  Structural effects of plasticity with widening of the dendritic tree after a high-frequency 
stimulation

Fig. 13.3  Mechanism of synaptic plasticity where depression occurs after a low-frequency stimu-
lation (identified as a poor sequence of spike in the presynaptic termination) that gives a lowering 
of the neurotransmitter release and a downregulation of postsynaptic receptors

Fig. 13.4  Structural effects of plasticity with reduction of the dendritic tree after a low-frequency 
stimulation
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–– Neuronal network organization: This is the last and more wide level of plasticity, 
by means of changes in the extension of a specific cortical area involved in an as 
much specific function (these changes were confirmed by TMS cortical mapping 
studies or functional magnetic resonance studies).

The development of the modern neuromodulation techniques got started with the 
use of transcranial noninvasive magnetic stimulation in the 80s of the last century, 
for the assessment of neuron excitability of the central neuronal motor pathways. 
Applying the same magnetic stimulus in sequences, a potentiation or a depression 
of the activity of the same motor pathways can be observed.

Such magnetic stimulus is produced by a specific device that can generate a 
magnetic field obtained with a high-intensity electric current that passes through a 
metal coil. What is important to remind is that the effect we observe by applying a 
magnetic stimulus to the patient’s scalp is the resultant of the interaction between 
two physical quantities and the neuronal tissue:

–– The electric field, which is not the one that passes through the coil, but a second 
one, that is generated in the patient’s cortex as the result of the neuronal network 
activation by the magnetic field (perpendicular to it) (Fig. 13.5): The power of 
the electric field is sufficient to stimulate the axons of the cortical neurons, pro-
ducing a motor-evoked potential.

–– The magnetic field, which is produced within the coil and is perpendicular to the 
coil itself: Magnetic field is the real one responsible for the plastic phenomena 
due to the modulation of intercortical neurons (a special neuronal population that 
connect horizontally cortical neuron in particular of the pyramidal system).

By taking into account all of these information, we acknowledge that only 
rTMS techniques have both neurostimulation and neuromodulation properties, 
unlike the widely diffuse transcranial direct current stimulation (TDCS), which has 
only a neuromodulation effect (due to the low level in current intensity that is not 
able to activate—and therefore stimulate—axons). According to a difference in 
impedance between gray matter and white matter, the subcortical structures  

ELECTRIC FIELD 
(WITHIN THE COIL)

ELECTRIC FIELD 
(WITHIN THE CORTEX)

MAGNETIC FIELD 
(ACROSS THE SCALP)

Fig. 13.5  Mechanism of rTMS
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(e.g., basal ganglia and thalamus) are not stimulated by rTMS, whose effect is 
limited to a depth of 1.5 cm [9].

13.1.1	 �rTMS Techniques, Protocols, and Safety Considerations

There are different types of coils in order to achieve the desired goal (Fig. 13.6): 
circular coils are used for simple TMS diagnostic studies of motor pathways but are 
not very focal; eight-shaped coils are more often indicated for rTMS due to their 
very focal stimulation on cortical area (for rTMS treatment: focal stimulation is 
considered advantageous); finally, in order to allow a deeper stimulation, a double-
cone-shaped coil and an H-shaped coil were developed, which can stimulate at a 
depth of 4 cm (this is the so-called deep TMS or dTMS), useful to stimulate the 
insula region [9, 10]. The coils used for rTMS are generally provided with a cooling 
system because their functioning produces heat.

As for the effects of the different types of stimulation [3]: low-frequency (LF 
≤1  Hz) TMS inhibits cortical excitability, whereas high-frequency (HF >5  Hz) 
TMS enhances cortical excitability by increasing neuronal depolarization. Therefore, 
different protocols can be defined. The parameters to consider are the following:

–– Resting motor threshold (RMT): This is defined as the stimulator intensity output 
that can evoke a motor potential of 100 μV in the 50% of tests (generally 5/10). 
It is also accepted to consider the intensity able to generate the muscular twitch 
in first digital interosseous. LF protocols are performed below RMT, and HF 
protocols are performed with an intensity higher than RMT.

–– Frequency and pattern of stimulation (see Table 13.1): In conventional protocols, 
the main parameter is the frequency rate; in other patterned protocols every sin-
gle pulse is replaced by a burst of three pulses at high frequencies (the so-called 
theta burst stimulation—TBS) and this group of stimuli can be administered at a 
low-frequency interval in a continuous way (cTBS) or with a higher frequency in 
an intermittent way (iTBS). Both conventional and patterned can be divided into 

a b c d

Fig. 13.6  Schematic representation of different types of coil. (a) Circular coil (magnetic field has 
a dimension of few centimeters), (b) 8-shaped coil (can produce a focal magnetic field centered in 
the central point of superimposition of the two rings), (c) double-cone coil (also produces a focal 
magnetic field but at a greater depth than the previous one), (d) H coil (it is a helmet with a lot of 
coils surrounding frontal and lateral parts of the skull: has been indicated by thinner lines)
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inhibitory (applied continuously) and activating protocols (applied in trains of 
stimuli, see below).

–– Train of stimuli: Both conventional and patterned activating protocols are admin-
istered in trains of stimuli (between 2 and 5  s) interspersed with pauses that 
allows cooling of the brain and the coil.

–– Number of sessions: Different schemes of treatment have been proposed by dif-
ferent authors, from a single-session treatment to 3–5 sessions per week, repeated 
for more than 2 weeks.

–– Site/sites of stimulation: Depending on the expected effects, it/they can vary and 
range from one (e.g., left frontal area) to two (e.g., bilateral frontal areas) to a 
more diffuse stimulation using an H coil, or even associated with peripheral 
nerve stimulation (the so-called PAS technique) to enhance LTP phenomena.

In 2009, a Consensus Group [3] revised the most important safety 
considerations:

–– Patient safety: Avoid overheating (almost every rTMS device includes heat sen-
sors which automatically limit the stimulation, according to the consensus indi-
cations). Nonmajor side effects have been reported and the most frequent event 
is a short-lasting headache. The risk of seizures is not high, but more frequent 
with HF stimulation. Therefore, epilepsy and medications that reduce seizure 
threshold represent relative contraindications. Again, when considering patient 
safety the presence of devices that could interact with magnetic field should be 
considered. It is recommended to sign an informed consent that excludes relative 
or absolute contraindications, and those in use for magnetic resonance.

–– Staff safety and training: Staff who work with magnetic field should refer to 
guidelines about the correct management of those techniques monitoring electro-
magnetic exposition and correct training about the use of such medical devices 
under the supervision of an as well-trained physician. In some countries, neuro-
physiology technicians undergo a specific training about the management of 
electric and magnetic field, the technical skill to perform examinations, and the 

Conventional rTMS Patterned (TBS)

Inhibitory effect LF = 1 Hz

|   |   |   |   |   |   |   |   |   |

cTBS (burst run at 1 Hz)

|   |   |   |   |   |   |   : 1 Hz

|||   |||   ||| (3 pulses at 50 Hz)

Activating effect HF = 5 Hz – 25 Hz

|||||||| ____ ||||||||| ____ ||||||||

iTBS (burst run at 5 to 25 Hz)

| | | | ____ | | | | ____ | | | |

||| ||| ||| ||| (3 pulses at 50 Hz)

Table 13.1  Types of rTMS protocols
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patients’ treatments. It is important, for example, to know the different positions 
of the possible cerebral target areas, the use of a neuro-navigation system, and 
the indication about the correct coil positioning (it is known that a simple varia-
tion of coil alignment can significantly decrease the treatment effectiveness) par-
allel to the sagittal plane [11].

13.1.2	 �rTMS and dTMS

In the past 20 years, the possibility to treat eating disorder and obesity was investi-
gated with the application of different neuromodulation techniques. Among those, 
rTMS had already shown some evidence about positive effects [12]. In particular, 
cerebral regions such as the lateral prefrontal cortex (LPCF), striatum, and insula, 
previously found to be altered in neuroimaging studies [13], are targets of 
rTMS. These regions are involved in the emotional responses and executive func-
tions, including inhibitory control for food assumption and reward processes. 
According to McClelland’s findings, until 2012 only one study with tDCS had been 
conducted on people affected by obesity, no studies in patients with binge eating 
disorder (BED), while different neuromodulation techniques had already been 
applied to bulimia nervosa and anorexia nervosa as well as to addictions [14]. The 
overall conclusion was in favor of a reduction of food craving especially with rTMS 
treatment on the left dorsolateral-prefrontal cortex (DPLFC). Based on these con-
cepts of similarity between food craving and addiction, and the evidence from neu-
roimaging studies, in the last few years the treatment of eating disorder related to 
obesity has been proposed [15]. A study investigating the effects of rTMS on meta-
bolic pathways [16] confirmed the positive effect of treating left DPLFC with a 
high-frequency protocol (HF) in healthy subjects under stress condition, showing a 
decrease of cortisol level that indicates an influence on the hypothalamic-pituitary-
adrenal (HPA) system. A more comprehensive review about neuroimaging tech-
niques in eating disorders [13] confirmed the findings of previous studies supporting 
the use of neuromodulation techniques in treating obesity. This represents a shift of 
paradigm in treating obesity: from behavioral to neurocognitive treatments. rTMS 
should specifically interact with the “food addiction” model or the “lack of inhibi-
tory control” theory with a frontal HF stimulation [4, 17].

Clinical trials specifically designed for obese patients are scanty. A protocol 
with HF rTMS on left DLPFC for obese women with BED has been proposed 
[18]. More recently, dTMS was chosen to test the effects of bilateral DLPFC 
stimulation, with follow-up at 9 weeks and 1 year [7]. This second pilot study 
showed a significant reduction of food craving and, consequently of body weight 
and BMI, at 1-year follow-up. Other significant effects observed were a reduc-
tion of leptin level and an increase of epinephrine. The protocol included HF, LF, 
and a sham stimulation for 15 sessions over 5 weeks. Only HF stimulation was 
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able to add benefits to the combined diet and physical activity program. The site 
of stimulation with an H coil was the PFC and the insula bilaterally. The effect 
hypothesized by the authors was that HF dTMS could possibly stimulate the 
dopaminergic pathways, leading to a modulation on behavioral inhibitory control 
via PFC and the mesolimbic system. The same authors published another paper 
[6, 7] on the metabolic effects of a single-session treatment in the same patients 
described above (with HF, LF, and sham stimulations). The main finding was an 
increase of β-endorphin level. The explanation about the main underlying mech-
anism of action could be the same as for the longer treatment protocol considered 
before.

In conclusion, rTMS, and nowadays also dTMS, has a precise rationale and dif-
ferent treatment protocols can provide short- and long-term results. The strength of 
rTMS relies on its ease of use and the possibility to perform individualized therapy. 
According to the last guidelines [1], strong evidence of effectiveness exists in dif-
ferent pathologies: level A for mood disorder and neuropathic pain, and level B for 
motor training in stroke patients and a growing number of evidences in the last very 
few years. The effects on eating disorder are clear but with respect to obesity further 
studies should be conducted to define new treatment options addressing the differ-
ent pathogenic mechanisms of this condition. Another interesting topic is the effec-
tiveness of this treatment alone vs. the effects combined with rehabilitation: 
according to the 2014 guidelines, the majority of trials showed greater improvement 
when rTMS was combined with rehabilitative programs performed during the plas-
ticity window provided by LTP mechanism. This is probably the way to define cor-
rect neuro-modulation treatments in patients with obesity.

13.1.3	 �Noninvasive and Invasive Neuromodulation

Noninvasive neuromodulation represents a range of very appealing and different 
techniques developed in the last 20 years [17, 19–21]. tDCS and its variants have 
now a widespread diffusion with respect to rTMS, mainly due to reduced costs, ease 
of use, and transportability. Other noninvasive neuromodulation techniques pro-
posed in the literature are the peripheral noninvasive vagal stimulation and the 
neuro-biofeedback with functional magnetic resonance. Vivid interest also exists 
towards invasive neuromodulation techniques such as the invasive vagal nerve stim-
ulation and the deep brain stimulation (DBP). The latter is a consolidated technique 
in Parkinson’s disease. The problems of those latter treatments are the risk of seri-
ous side effects of the invasive procedure, high costs, and a still preliminary evi-
dence of effectiveness. It should also be noted, however, that the mechanism of DBS 
may be different from the other neuromodulation techniques, since it addresses the 
hyper-responsivity of the food reward system [4].
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Obesity is traditionally defined as a body mass index (BMI) of greater than 
30 kg/m2 and is today considered a public health problem and a global epidemia 
[1, 2] according to World Health Organization (WHO) that estimates a global 
incidence of over 700 million individuals [3, 4]. Despite the etiology of obesity 
being multifactorial, there is a strong consensus in the scientific community that 
behavioral factors, and in particular poor diet and physical inactivity, are among 
the main proximal causes linked to obesity [5].

Physical activity (PA) is recommended as an important part of weight manage-
ment by virtually all public health agencies and scientific organizations including 
WHO, National Heart, Lung, and Blood Institute (NHLBI) Centers for Disease 
Control (CDC), American College of Sports Medicine (ACSM), and various medi-
cal societies (American Heart Association, American Medical Association, 
American Academy of Family Physicians) [6, 7]. Guidelines provided by WHO 
underline that adults aged between 18 and 64 should do at least 150 min of moderate-
intensity aerobic physical activity or 75 min of vigorous-intensity physical activity 
throughout the week or an equivalent combination of moderate- and vigorous-
intensity activity [8].

The general physical activity recommendations from the CDC and Prevention 
for health promotion suggest the consumption of 1000 kcal/week, corresponding 
approximately to the energy expended in walking 30 min/day [8, 9].

Nevertheless, several studies demonstrated that rehabilitation programs focused 
on increase of PA have generally only good short-term efficacy [10, 11]. Even the 
most intensive intervention was ineffective in promoting adherence to exercise in 
the absence of further incentives to maintain changes in lifestyle (The Newcastle 
exercise project: a randomized controlled trial of methods to promote physical 
activity in primary care, Jane Harland, Martin White, Chris Drinkwater, David 
Chinn, Lorna Farr, Denise Howel).

Key Points
•	 Broad diffusion of mobile tech and fitness smartphone app for physical 

activity (PA): Thousands of app for smartphone, almost 700 wearables and 
more than 100 apps directly linked to smartbands and smartwatches.

•	 Mobile tech seems to be effective in the promotion of PA: Wearables and 
smartphone app for PA are effective to improve PA as midterm outcome 
compared to PA prescription alone.

•	 Five core points of behavioral change techniques (BCT) of mobile app to 
enhance mobile tech: (1) Self-monitoring; (2) goal setting with counselor 
feedback and communication; (3) social support; (4) structured program; 
and (5) individually tailored program.

•	 Guidelines to choose mobile app and wearable devices: Select apps and 
wearables that are empirically tested and with an evidence-based cutoff to 
foster interpretation of results.
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Behavioral change techniques (BCTs), as goal setting and contingent feed-
back, seem to be the most effective way to promote healthy lifestyle helping 
individuals to meet the physical activity recommendations and with mobile tech-
nology implementation offer an innovative way to sustain the process of habit 
changes [12, 13]. Thanks to the large adoption of wearable devices able to mea-
sure and store data about PA and to provide contingent feedbacks and reminders, 
a large-scale health revolution has begun [14–16]. The availability of smartphone 
applications has contributed to a better understanding of human health by allow-
ing us to assess precious, contingent data for medical and fitness area [14, 16–18] 
taking advantages of some improvements in app technology (e.g., a built-in cam-
era for heart rate assessment, accelerometers) that have proved useful [19–22] 
and supported by current reviews of mHealth (healthcare practice supported by 
mobile devices). Further, the capability of mobile technology to improve access 
to a large number of people living far from clinical centers, reduce costs, and 
enhance health outcomes for management of chronic health condition represents 
the core feature of these apps, connected with their potential and effectiveness 
for remote monitoring of clinical parameters, such as cardiovascular disease 
(CVD) risk factors [18], and for implementing behavioral change strategies 
aimed to promote healthy habits, in particular regarding compliance to therapies, 
diet, and physical activity. Nevertheless, further investigation is needed to 
enhance the validity and reliability of existing fitness apps for PA promotion in 
both contexts [18].

14.1	 �Role of Mobile Technology to Increase PA: A Perspective

As previously reported, evidences show that the achieved results in long-term habit 
change are not maintained at 1-year follow-up, with a gradual return to the baseline 
level of activity [5, 10, 23, 24] in the absence of further incentives to maintain 
changes in lifestyle. According to the Newcastle exercise project [25], an interven-
tion based on combining exercise plan and behavioral changes will increase physi-
cal activity rather than the mere exercise prescription. For these reasons, a promising 
field of application is represented by implementation of mobile technology and 
wearable devices with smartphone app, focusing on core aspects of behavioral 
change such as self-monitoring, for example, using accelerometers to check daily 
steps, or stimulus control (i.e., with advertising regarding sedentary behavior) and 
behavioral modification (setting sustainable goals for exercising) [26–28]. In this 
context, an app-based approach could overcome these challenges associated with 
traditional approaches, allowing for broader promotion of PA. In clinical and sports 
setting the use of technological tools such as valid and reliable fitness apps allows 
professionals to select the optimal assessment protocol for patients or clients and 
provides a more objective daily measure of physiological signals, but also they sup-
port individuals with constant and customized feedback, supporting the whole pro-
cess of changing lifestyle.
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14.2	 �Efficacy and Cost-Effectiveness of Mobile Technology: 
Wearables and Smartphone App

In recent years, the field of wearable/mobile technology to enhance and promote PA 
is growing faster, such as the market of these apps. The main stores for these kind 
of products, Apple Store and Google Play, count thousands of “Apps,” and their dif-
fusion is every day broader [29]. In recent studies [14, 18, 29] focused on accuracy, 
validity, and reliability, the authors pointed out that, despite the number of the apps, 
only few are empirically tested [14]. Therefore, the technology seems to be valid 
and reliable, but further investigations are needed to develop (Fig. 14.1).

14.3	 �Behavioral Change Technique Components Crucial 
in Technology-Based Remote Weight-Loss Interventions

In general population only a small portion of individuals meet the required amount 
of PA [30], so in order to promote the compliance to existing guidelines and general 
recommendation, it is necessary to establish a starting point, prescribe individual-
ized training programs, and monitor improvements [25, 31]. As mentioned above, 
BCTs implemented by mobile technologies have to be considered as a potentially 
determinant factor to foster PA in daily life [32] and therapeutic setting such as the 
management of obesity [16], and different recent works provide useful guide to 
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Heart rate variability
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Transfer data to a server
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Fig. 14.1  Key factors to be considered when selecting or developing an app for assessing cardio-
respiratory fitness
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select treatments and devices [14, 18]. In this regard, Khaylis et al. [33] provide a 
conceptualization of the five behavioral and psychological components crucial in 
technology-based weight-loss interventions that are successful in facilitating PA 
promotion.

	1.	 Self-monitoring: It is defined as the way in which a person regulates and controls 
his/her own behavior. Mobile technologies can support this process by providing 
feedback about food intake and physical activity during daily life. Actually mon-
itors, pedometers, and handheld PDA and other mobile technologies are easy to 
use and convenient, especially for those who do not have asses to high-speed 
Internet connections.

	2.	 Counselor feedback and communication: During the period of rehabilitation 
within weight-loss program, patients and counselor or psychologist stay in 
contact by using mobile technologies. Participants can share their monitoring 
about food and exercise, while professionals encourage and sustain the rehabili-
tation process by providing online feedback and reinforcement using email.

	3.	 Social support: A group treatment represents the preferred format for behavioral 
weight-loss intervention because it facilitates the social support, one of the most 
important factors for the promotion of behavioral change. In a group setting chat 
rooms, online meetings, and forums are useful technologies able to sustain com-
munication, motivation, commonality, and encouragement among participants.

	4.	 Structured program: Behavioral weight-loss interventions are based on a multi-
dimensional approach which includes weekly lessons on nutrition, physical 
exercises, but also psychological factors such as goal setting, self-regulation 
strategies, and stimulus control.

	5.	 Individually tailored program: Interventions are customized and individualized 
for participants in order to facilitate adherence and achievement of goals in terms 
of weight loss.

In the area of research of application of mobile technologies, only small-sized 
studies have directly assessed their efficacy for PA [18, 32]. Consequently, further 
researches are needed in order to improve the effectiveness and the efficacy of the 
use of mobile technology for the management of obesity.

With wider adoption of electronic health records to measure individual perfor-
mance, there is a need to explore the use of these valuable tools, not only for iden-
tification and assessment of obesity but also for the delivery of obesity 
interventions.

14.4	 �Goal Setting Enhanced by Mobile Technology

Through goal setting the patient is supported to express the “representation of the 
desired outcomes to anchieve and criteria for judging them” [34, 35]. A goal-setting 
program useful for clinicians in rehabilitation consulting is proposed by Cullen et al. 
[36] and it is articulated in four specific steps: (1) recognizing a need for change, (2) 
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establishing a goal, (3) adopting a goal-directed activity and self-monitoring it, and 
(4) finally self-rewarding goal attainment and its full applicability for PA promotion. 
For an effective goal setting, achievable goals are needed in order to obtain higher 
performance [35, 37]. Moreover, feedback and internal or external rewards are useful 
for boosting the motivation for achieving goals with simple tasks. Instead, people are 
less motivated when difficult assignments are perceived as not achievable [35]. Some 
recommendations were provided by Strecher et  al. [35] for defining goals within 
BCTs including their implementation in mobile technology: (1) problem analysis 
and patients’ efforts, (2) definition of tasks needed to deal with problems, and (3) 
provision of contingent feedback. The wearable devices are significantly useful for 
preventing the interruption of the goal achievement process since they allow data 
collection, monitoring, encouraging, and feedback delivery [13].

14.5	 �Self-Monitoring and Wearables

Another clinical strategy developed in the area of behavioral therapy applied to 
obesity’s treatment is self-monitoring [38, 39], a “cornerstone” of behavioral inter-
vention and BCTs [40]. Several processes are involved: self-observation, self-
evaluation, and self-reinforcement. Self-monitoring is positively correlated with 
self-awareness, playing a crucial role in the eating behaviors allowing weight man-
agement [41]. In obesity treatment, Baker and Kirschenbaum [42] demonstrated 
that higher levels of weight control correlate with monitoring over all foods, time, 
quantity of food eaten, and percentage of fat ingested. New self-monitoring technol-
ogy applied to weight loss ensures advantages for treatment, allowing individuals to 
set their own goals, comparing their self-monitoring data, reinforcing their achieve-
ments and pointing out higher adherence to self-monitoring and greater weight 
losses than traditional interventions [43]. Several reviews and meta-analyses 
reported evidences on eHealth intervention for weight management [20, 44]. A 
study conducted by Burke [45] compared the use of a personal digital assistant with 
dietary and exercise software, with and without a feedback message, and a paper 
diary/record. The results of this study showed that all participants had a significant 
weight loss, but those who received a personal digital assistant with a feedback mes-
sage lost more than 5% weight compared to other groups. In conclusion, internet-
based weight-loss and maintenance programs seem to be adequate approaches in 
moderating weight loss in obese patients [46]. Nevertheless, other studies are 
required to evaluate the efficacy of this new type of interventions.

14.6	 �NUDGE 2.0: Nudging Provided by Mobile Technology

Thaler and Sunstein’s definition of a “nudge” as “any aspect of the choice architec-
ture that alters people’s behavior in a predictable way without forbidding any 
options or significantly changing their economic incentives” (2008) does not pro-
vide a precise operational definition of the applied meaning of those terms. The term 
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“choice architecture” is defined as the environment within which people make 
choices [47, 48]. Hollands et al. [49] systematically review the evidence base for 
nudge (choice architecture) interventions and propose the following, more precise, 
operational definition of such interventions: “interventions that involve altering the 
properties or placement of objects or stimuli within micro-environments with the 
intention of changing health-related behavior (Fig.  14.2). Such interventions are 
implemented within the same micro-environment as that in which the target behav-
ior is performed, typically require minimal conscious engagement, can in principle 
influence the behavior of many people simultaneously, and are not targeted or tai-
lored to specific individuals.”

Nudging could be enhanced by mobile technology, smartwatches, and wearables 
in particular, and could be crucial to promote PA. Some of the most meaningful 
implementations of nudging regard physical activity but are limited to specific 
places. Furthermore, merging nudging with smartwatch technology could bring 
nudge theory to a new level, fostering healthy habits with tailored suggestions, feed-
back, and advertising directly from the smartwatch display. Many apps for PA 
already implement basic principles of nudging, for example the vibration advertis-
ing for sedentary behaviors, but the future implementations could be crucial to pro-
mote more meaningful change. Some pioneering studies already show promising 
data [50] but we need more empirical works to deepen the feasibility and cost-
effectiveness of the nudge procedure (Fig. 14.3).

14.7	 �Guidelines to Choose the Right Devices for the Scope

With over than 400 different wearable devices in the market to choose the right one 
could be difficult, in particular if there are specific aims to fulfill. So some recent 
articles analyze scientific literature providing useful guidelines to select the most 
useful for both individuals and groups. A work of the 2019 [18] pointed out the 

Fig. 14.2  A classical 
implementation of nudge 
intervention for physical 
activity promotion
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Fig. 14.3  Nudge 
implementation with 
smartphone app
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importance to take into consideration only devices with adequate empirical support 
that fit the specific aims of the projects, for example rehabilitation, sport, and healthy 
habits, and with at least medium-quality smartphone app. Accordingly, Henriksen 
and colleagues [14] after screening over 500 wearables and smartphone apps sug-
gest to choose only devices with higher count of empirical paper published and with 
support to develop custom application suited for the specific aims of the research or 
rehab program.

From the technical point of view, the characteristics of the sensors present inside 
the smartwatches must be considered. These must meet high standards and ensure 
the reliability of the measurement and data collection at appropriate sampling rate 
(for example, provide the heart rate beat per beat and not its average per minute). 
This mode of acquisition and saving data entails the need for a high storage capacity 
that complicates data management and the size of the device itself. In most devices, 
the data is presented in aggregate form (number of steps, HR, calories, etc.) that 
derives from the processing of the “raw” data through the use of calculation algo-
rithms. We can therefore state that the goodness parameter of the device is directly 
linked to the level of reliability and optimization of the algorithm used to generate 
these derived parameters. However, in medical applications, it is good to start from 
a certain data and therefore the raw data must be of excellent quality. Systems of this 
type, as already mentioned, are developed for sports use and the measured param-
eters are dependent activities (it is important to have the GPS data in outdoor activi-
ties, while it is less so if the activity is carried out within a gym). In a rehabilitation 
perspective, for example, it is important to define specific tasks and activities within 
which to provide significant data precisely for that activity and not for others. In 
choosing the device, it is important to evaluate the available software development 
kit (SDK) to define new aggregate parameters and the application programming 
interface (API) to manage the interface with the software in the smartwatch or 
inside the smartphone (Figs. 14.4 and 14.5).

14.8	 �Brief Conclusion

At the state of literature wearable devices and app for PA are well established and 
show promising findings, highlighting the positive impact of wearable devices on 
the compliance of patients and adherence to PA programs provided by professionals 
in the context of promoting healthy lifestyle, as long as the choice of sensors and 
app is oriented toward the device well studied and validated by research. Today the 
consumer market of wearable devices and smartphone app is rapidly changing, but 
only few devices and apps are sufficiently tested for research and rehabilitation [14]. 
Further studies with larger samples and deepening different aspects of mobile tech-
nologies are needed in order to provide more detailed considerations.
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Brand

SDK support Device count

API support Article count 

Apple Health support Validation Study count

Google Fit support Clinical Trials, org count 

Device

Sensors Battery life

Validation Robustness

Previous usage Water resistance

Price Connectivity

Availability Usability

Phone environment Easy to data access

Affiliated app features Privacy 

Look and feel Security

Fig. 14.4  Characteristics to consider when choosing brand or device. API application program-
ming interface, SDK software development kit (Adapted from Herisksen et al. [14])
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Fig. 14.5  Comparison between eight brands of wearable devices (Adapted from Henriksen 
et al. [14])
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Key Points
•	 Discuss with administrations the appropriate technology to meet the safety 

and mobility needs of the patient and provide equipment training to the 
staff

•	 Presence of at least one floor-based lifting device to rescue patients up 
from the floor in areas not covered by a ceiling lift

•	 Presence of a ceiling lift above the parallels and traverse tracks above treat-
ment tables in physiotherapy units

•	 Choice of treadmill focusing on weight capacity, ease of use, construction 
quality, ergonomics, exercise range, and user’s safety
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15.1	 �Aids

Patient-handling equipment and technology describe equipment, devices, aids, and 
resources designed as alternative to manual handling, and inherent to lifting, trans-
ferring, repositioning, moving, and mobilizing of patients ensuring that patients are 
cared for safely, while maintaining a safe work environment for employees and 
preventing consequences of immobility associated with size. The Bariatric Safe 
Patient Handling and Mobility Guidebook [1] outlines management strategies that 
facilitate the use of patient-handling technology and foster a culture of safety in the 
patient care environment. First step is patient’s needs assessment: individual physi-
cal, mental, cognitive, and medical conditions are important factors to consider, 
together with the required level of assistance, weight-bearing capability, height, 
weight, body circumference, and other conditions that will likely affect the patient’s 
ability to participate in transfer or repositioning activities (i.e., hip and knee replace-
ment, paralysis, amputations, contractures, osteoporosis, respiratory and cardiac 
conditions, skin/wound conditions, and spinal stability) [2]. An example to detect 
the type of assistance needed and to select the correct equipment is offered in 
Table 15.1 [3].

Also, algorithms have been proposed [4] to set standards for assistance and tech-
nology and guide the performance of high-risk handling/transferring tasks, and 
some evidence exists that their application can significantly reduce staff injuries. 
Patient benefits include prevention of falls, pressure ulcers, incontinence and hospi-
tal-acquired pneumonia, reduction in hospitalization and readmissions, and func-
tional improvements [5, 6].

15.1.1	 �Handling and Mobility Equipment

Informed physiotherapists and nurses should discuss with administrations the 
appropriate technology to meet the safety and mobility needs of the patient and 
provide initial equipment training. Selection and purchase of equipment should 
occur after having identified the needs of the patient population and the physical 
environment where equipment is used. Convenience about buying or renting bariat-
ric equipment should be rated against number, frequency, and type of bariatric 
admission; space needed when using/storing equipment; maintenance needs; and 
purchase/rental cost. The equipment categories for bariatric use [7] are the 
following:
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Selection of technology should stem also from considerations of effectiveness 
of the device, its efficiency of use, acceptance by the intended users, potential 
safety and comfort associated with use, integration with other devices, and train-
ing needs that are all aspects to evaluate prior to purchase. Basic ergonomics 
design principles (facility, comfort, safety, and efficiency of use) should drive the 
choice of every device for maximal benefit and greatest usability for patients and 
operators. The term “extended capacity” defines those devices, equipment, sup-
plies, furniture, and technology designed to accommodate a patient whose weight 
or weight distribution or size interferes with the use of standard-sized tools. 
Stickers denoting “EC” provide a quick identification of the right equipment (for 
example, an “EC 1000” label would indicate a weight capacity limit of 
1000 lb/450 kg for the device).

15.1.2	 �Ambulation

Specially designed walkers are available to accommodate the unique needs of the 
bariatric patient and enhance safety (for example, supports for large abdominal pan-
nus, or mechanism to attach a ventilator, chest tubes, catheters, and others) while 
supporting the goals of early progressive mobility. Active standing and transfer aids, 
for users with some arm strength and standing function, serve to test and train stand-
ing function, with removable footplate to work on ambulation. Space accommoda-
tion should be tested for use (i.e., door widths, extra space for the caregivers) 
(Table 15.2).

•	 Ambulation/fall prevention/mobility aids (non-powered standing aids, 
walker)

•	 Patient transportation chair with motorized lift or transportation feature
•	 Lateral or vertical air-assisted transfer equipment
•	 Bed frames with repositioning and bariatric features (optional low bed 

feature)
•	 Specialty mattress, pressure redistribution surface, or support surface
•	 Bathing equipment aids
•	 Overhead lift (ceiling mounted, wall mounted, or portable lift)
•	 Floor-based sling lift or multipurpose portable mobile lift
•	 Sit-to-stand (stand assist or standing) lift
•	 Specialty slings
•	 Mechanical lateral transfer device
•	 Friction-reducing device (sliding board, roller board, slippery sheet, etc.)
•	 Transfer chairs
•	 Stretchers/gurneys
•	 Height-adjustable exam tables
•	 Patient evacuation device

15  Aids, Equipment, and Treadmills



236

Table 15.2  The basic bariatric equipment

1. Ambulation/mobility aids
Active transfer and transport aids: Ambulation belt, canes and 
crutches, motorized and nonmotorized stand and transfer aid, walker. 
For users with some arm strength and standing function. For standing 
function and ambulation training. Weight capacity 600–1000 lb 
(272–453 kg). Space encumbrance of a typical walker: 910–
1060 mm/36–42 in. wide

  

2. Bed frame
Fully electric, multi-positioning, locking castors. Side rails, 
bed-mounted trapeze, scale w/digital display. Transforms into a chair 
for easy egress, cardiac chair position, Fowler. Power-drive system. 
Mechanical CPR release. Standing frame with tilt adjust from 0 to 
180 degrees for early mobilization. Variable bed width (100–
150 cm/40–61 in.) and length (200–270 cm/78–106 in.) dimensions, 
designed to accommodate comfortably different-size patients, or to 
make the transit easier. Extra low bed height reduces the risk from 
fall injuries. Many options available: Patient lockout features, head 
angle indicator, integrated scale with weight history; Braden Scale 
assessments, BMI calculator, integrated nurse protocol timer, bed 
exit alarm, anti-entrapment alarm; arrangement for active 
compression system for prevention of venous thromboembolism. 
Weight capacity up to 453 kg/1000 lb
3. Technology mattress
Technology that minimizes surface tension and reduces friction and 
shear. Range from low-risk (high memory viscoelastic foam, static or 
alternate low air loss) to high-risk systems (fluid immersion 
simulation, rotating/pulsating therapy) apt for patients with existing 
pressure ulcers. The non-powered self-adjusting technology allows 
pressure redistribution surface to automatically set in response to 
patient movements; zone control for different areas of the patient’s 
body; lower safety cell remains inflated for up to 12 h in the event of 
power failure. The powered negative airflow technology implemented 
in a cover increases the effectiveness of prevention and care of 
bedsores, through the management of the moisture and warmth of the 
patient’s skin. Pulsate feature increases patient comfort and pressure 
redistribution. Mattress dimensions vary in width and length. Weight 
capacity 1000–2000 lb (453–907 kg)
4. Chairs, armchairs, wheelchairs, convertible chairs
Provide chairs without arms for individuals with lower body obesity 
(pear shape), and extra-wide seat depth chairs (with or without arms) 
for individuals with upper body obesity (apple-shaped bodies). A 
recliner is preferred in the room to facilitate respiratory function and 
comfort. For seated transfer aid, consider a chair with arms that 
recess or are removable. Wheelchair total dimensions reach up to 
1200 × 1320 mm/48 × 52 in. A wheelchair mover could add up to 
300 mm/12 in., to the length. Power chairs and electric scooters 
require additional front-to-back clearance (at least 1820 mm/72 in.), 
and even more convertible chairs especially if reclined to the 
stretcher position. Weight capacity 675–850 lb (300–385 kg).
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Table 15.2  (continued)

5. Bathing/showering/toileting
Toilet supports and commodes are extra-wide toilet seat for bariatric 
and geriatric patients, to use either bedside or attached to a toilet 
with the added benefit of assisting the patient to standing. Powered 
version is available
Shower chairs and trolleys are height adjustable and tilting; serve as 
shower, transport, and changing space; side rails for safety; welded steel 
or PVC construction, wheeled with brakes. Various bath benches or 
seats are available as heavy-duty models. Reclining and recumbent tubs 
along with a lift to assist with access could profit in special settings. 
Weight capacity up to 453 kg/1000 lb

   

 

6. Air-assisted lateral transfer devices
Air-assisted lateral transfer systems glide patients across a frictionless 
air surface for a smooth transition; turn also patient without manual 
power. Facilitate nursing care for hygiene, wound care, and linen 
changes. Wedge available, as inflatable positioning device. Inflatable 
battery-operated emergency lifting chairs and cushions serve to sit up 
and lift a fallen person from any location—indoors and outside. 
Weight limit: 180–454 kg/400–1000 lb. Combination air transfer and 
sling device reduces products required for lateral and vertical transfer 
of a patient; intended for use as a sling attached to a loop-style hanger 
bar with mobile hoist or stationary hoist. Weight limit: 1000 lb 
(454 kg)
7. Non-powered lateral transfer and repositioning devices
Bariatric transfer boards are nonmotorized lateral transfer devices 
assisting in slide transfer from wheelchair/bed to commode/
stretcher. It comes as a foldable board, lightweight, and radiolucent 
for X-ray/MRI. Weight capacity 600 lb (272 kg). Friction-reducing 
slide sheets are sliding system that offers a wide range of patient-
handling maneuvers. A friction-reducing device will also facilitate 
insertion and removal of a sling under a bariatric patient. Many 
assistants are required for a bariatric task. Variety of sheets and 
one-way slides for repositioning and transfer. Weight capacity 400 lb 
(180 kg)
Mechanical lateral transfer devices are specially designed 
technology powered by an electric motor or manual crank. The 
device attaches to a draw sheet and moves the patient from one 
horizontal surface to another
8. Floor base, portable lift
Total body “passive” lift, for dependent patients, bedside use. Battery 
powered with internal charger. Four/six-point spreader bar with 360° 
rotation, tilts for comfort, foot pedal for leg opening, large easy grip 
handles for easy maneuvering, emergency lowering device, integrated 
scale. Sit-to-stand “active” lift, for cooperative patients, stand and 
transfer aid, for turn and pivots, rehabilitation, social reintegration, 
wheelchair repositioning, and car extraction; used with a safety belt. 
Many options in size, complexity, and weight capacity; portable 
version. Weight limit: 400–800 lb (180–360 kg)

 

(continued)
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15.1.3	 �Beds

The characteristics of the hospital bed impact both the well-being of the patient and 
the physical burden of the operators. The features of the bariatric bed that allow a 
reduced effort and a minimum risk for the assistants, at the same time facilitating 
both bed mobilization and patient comfort, are the following:

Table 15.2  (continued)

9. Overhead (ceiling, wall mounted, and portable gantries)
Many arrangements of the lift system (motor, track, hanger bar, and 
suspended sling) are possible according to the building characteristics 
and the patient handling needs, producing an all-around settlement. 
Free-standing room-covering rail systems are apt for temporary lifting 
needs, and tracks or motor retractable in the false ceiling or recessed in 
the wall allow for greater lifting vertical capacity and offer additional 
aesthetics. The operator can switch easily between spreader bars in 
complete range to meet each patient’s specific care needs, for 
attachment from a corset to a stretcher support

 

10. Transport-assistive devices
Powered devices used to assist caregivers in moving patients from 
one location to another. If detachable motor, the device attaches onto 
handles of wheelchairs and/or beds and the caregiver simply guides 
the direction of the bed or wheelchair. Comprises bed movers, beds 
with power drive, motorized chairs, transfer and convertible-chairs, 
powered stretchers. Motorized transfer devices are necessary when 
frequent bariatric transports occur into the facility, since they 
significantly decrease effort, time, and personnel required in these 
tasks
11. Emergency devices
In case of quick evacuation of the bariatric dependent patient, the 
emergency crew can intervene with the reinforced rescue sheet 
(weight capacity 727 kg/1600 lb), or the cocooned mattress system 
(weight capacity 450 kg/992 lb) enables fast lowering onto the floor 
the patient and the mattress, and then sliding them or taking down 
stairs to safety. The stair chair (weight capacity 227 kg/500 lb) allows 
caregivers to transport seated patients downstairs without lifting. 
Manual height-adjustable bariatric cots or motorized highly 
configurable stretchers are available for load and transport of the 
patient on ambulance or for inhospital perioperative transport tasks

 

12. Rehabilitation setting
Power-supplied bariatric Bobath tables are specially designed for 
patient examinations and treatments in training rooms, clinics, 
hospitals, and rehabs. They provide effective usage for patients who 
have a loss of sensation or poor balance, allowing postural exercises, 
rolling, turning, and balance training, but are also useful in treating 
neurological conditions
For early mobilization, combination of ceiling lift with motor 
in locked positioning and a special training kit (elastic bands, strip 
slings, handles) allows the bedridden patient to exercise limbs and 
pelvis giving the chance to modulate the intensity of effort
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The resulting clinical benefits of adequate positioning of patient in a proper bar-
iatric bed are skin pressure reduction, and improvement of respiratory, cardiac, gas-
trointestinal, genitourinary, and psychological functions. Integrated scale and power 
drive reduce effortful assistance [8]. Special bed structures aid in therapeutic activi-
ties, such as lateral rotation and percussion, and help reduce unnecessary transfer. 
Room design, floor surfaces, door widths, space available, and work practices are all 
important to the reduction of risk associated with bedside care (Table 15.3).

Table 15.3  Recommended workspaces for standard and bariatric patient-handling tasks

Working areas Standard patient Bariatric patient
1 assistant in front of 
patient

810–1000 mm/32–39 in. 1000–1300 mm/39–51 in.

1 assistant at bedside of 
patient

600–760 mm/24–30 in. 1000–1300 mm/39–51 in.

Workspace at the foot 
of the bed

900 mm/35 in. 1800 mm/71 in.

More staff at the side of 
bed

1200 mm/47 in. 2000–3600 mm/78–141 in.

Equipment use in 
critical areas; clear 
space at the bed 
perimeter

2000 mm/78 in. 4000–5000 mm/157–197 in.

Patient moving w/
walker, one nurse 
assisting at side

1700 mm/67 in. 2150 mm/85 in.

Patient seated on a 
chair, one nurse 
assisting at side

1300 mm/51 in. 2150 mm/85 in.

Wheelchair, 180° 
rotation, 1 assistant

1500 mm/59 in. 1900 mm/75 in.

Mobile lift, 180° 
rotation

1800 mm/71 in. 2500 mm/98 in.

Stretcher, 180° rotation 2400 mm/94 in. 3000 mm/118 in.

(continued)

•	 Weight capacity up to 450 kg/1000 lb
•	 Adjustability in bed’s height, and frame dimensions
•	 Integrated scale
•	 Assisted patient’s positioning (from lying to sitting, rotation)
•	 A therapeutic surface (low air-loss system)
•	 Side rails able to withstand weights to ensure patient independence and 

support during repositioning
•	 Powered transport device
•	 Easy maintenance and sanification
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15.1.4	 �Chairs, Wheelchairs, and Stretchers

Bariatric chairs and recliners allow for alternative seated rest and assisting in 
patient’s independence. Features should include adjustability of seat height, back 
recline angle and foot rest angle, removable arms, and castors with locks/wheel 
brakes. Manually or electrically driven wheelchairs’ dimensions are depicted in 

Table 15.3  (continued)

Working areas Standard patient Bariatric patient
Devices’ dimensions
Bed 1060 mm × 1220 mm/42 × 48 in. 1000–1500 mm × 2000–

2700 mm/40–61 in. × 78–106 in.
Wheelchair 560–780 mm × 880–

1100 mm/22–30 in. × 34–43 in. 
Total height: 
914–939 mm/36–37 in.
Seat: Width: 300–580 mm/12–23 
in.; depth: 400 mm/16 in.; 
height: 
495–520 mm/19.5–20.5 in.

860–1210 mm × 940–1320 mm/ 
34–48 in. × 37–52 in. (length up 
to 1880 mm/74 in. in convertible 
chair)
Total height: 970 mm/38 in.
Seat: Width: 710 mm/28 in.;  
depth: 500 mm/20 in.;  
height: 470 mm/18.5 in.

Shower chairs 650 mm × 940–1520 mm 
(reclining)/25.5 in. × 37–60 in.

960–1160 mm × 980–1900 mm/ 
38–45 in. × 38.5–75 in.; turning 
diameter 1500 mm/59 in.

Stretcher 600–800 mm × 1100 mm/24–31 
in. × 43 in.

700–990 mm × 1770–2080 mm/ 
27–39 in. × 70–82 in.

Mobile lift 700-mm × 1300 mm/27 
in. × 51 in.

1200 mm × 1820 mm/ 
47 × 72 in.

Bedrooms’ area 12 m2/129 ft2 14–28 m2/150–300 ft2; 
5020 × 3990 mm/ 
197 in. × 157 in.

Minimal space allowed 
for the bed

1000 mm × 2200 mm/39 
in. × 86 in.

1560 mm × 2590 mm/61 
in. × 102 in.

Bathrooms’ area 3.8 m2/41 ft2 5 m2/54 ft2

Space allowed around 
the Wc

600–1000 mm/24–39 in. 1400–2100 mm/55–83 in.

Bathroom dimensions, 
to operate with a 
shower chair

4.8 m2/51 ft2 9 m2/99 ft2; 3135 × 2970 
mm/123 × 117 in.

Central bathroom with 
use of shower stretcher

12 m2/129 ft2 14 m2/150 ft2

Door width (bedrooms, 
bathrooms, corridors, 
elevators)

850–1200 mm/33–47 in. 1300–1520 mm/51–60 in.

Elevators (weight 
capacity)

1200 kg/2645 lb 2721–2950 kg/6000–6500 lb

Elevator dimensions for 
an occupied bed, 2 
staff, and any 
additional technology

1200 × 1400 mm/47 × 95 in. 1500 × 2700 mm/59 × 106 in.
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Table 15.2. The convertible chair is a powered all-purpose chair, used as a stretcher 
or litter, and patient transport. A comprehensive selection of options and accessories 
provides a customizable transport and treatment platform on one piece of 
equipment.

15.1.5	 �Transferring Devices

Manual repositioning and lateral transfer devices include a variety of sheets and 
one-way slides (friction-reducing devices) for patients ideally weighing up to 
180  kg/400  lb. The slippery material design reduces friction during manually 
applied sliding movements in the horizontal plan (an operator every 45  kg/100 
pounds of weight of the patient is recommended), with the device previously posi-
tioned underneath the patient. For manual repositioning of the bariatric patient in 
bed, ceiling hoist with repositioning sling provides the safest method with two oper-
ators. Bariatric transfer boards are low-friction semirigid lateral transfer devices, for 
seated transfer from wheelchair to commode, or supine transfer from stretcher to 
bed. Special shaped smaller boards help also in sling placement. Air-inflatable 
devices in low-friction fabric add up the force of air to decrease friction and result 
in easy movement of patient in a supine position from one flat surface to another, 
reducing the force needed to move the patient by 80–90%. They also decrease shear 
forces on the skin of patients during lateral transfers, positioning, turning, and pro-
nation. Contraindications exist for patients who are experiencing thoracic, cervical, 
or lumbar fractures deemed unstable, unless using in conjunction with a spinal 
board for lateral transfers. Two nurses are required during air-assisted patient trans-
fers and additional caregivers when patient weighs over 340 kg/750 lb. Inflatable 
wedges or mattresses are available as positioning or emergency device. Air-inflatable 
special bariatric slings (disposable version too) are designed for vertical and lateral 
turning patient with a ceiling lift, targeted to the radiological area or specific for 
surgical, orthopedic, and delivery setting.

15.1.6	 �Commodes, Shower Chairs, and Stretchers

The wheeled bariatric commode is an important piece of furniture both at bedside 
and in the bathroom. Toilet supports attached to a standard toilet provide the extra 
capacity with the added benefit of assisting the patient to standing. Mobile com-
modes and shower chairs for toilet/shower transfers should have rubber wheels, 
brakes, removable arms and foot brackets, and a seat with a front or central space to 
allow toileting and washing. Some can be padded or specifically designed with sup-
port for a patient who has limited sitting balance, while others may be fully reclin-
ing and height adjustable for shower, transport, and undergarment change of 
dependent patients. Design for safe use of the commode chair should take into 
account the floor surface and the available workspace. The opportunity of having a 
bariatric shower stretcher in the ward depends on the mobility levels of the patients’ 

15  Aids, Equipment, and Treadmills



242

majority, on the hygienic care and treatment planning, and on the space arrange-
ment. While it is not generally recommended bathing bariatric patients in the tub, in 
some cases a spa-type bathroom with a ceiling lifter is preferred.

15.1.7	 �Scales

Weighing is a critical part of the bariatric patient assessment. In-floor scales 
provided with grab bars can be accessed by wheelchair-bounded patients, and 
scales built into the bed frame or in the lifting equipment allow monitoring 
weight avoiding unnecessary handling. Digital recording of data and trends are 
available.

15.1.8	 �Exam/Therapy Tables

Bariatric power tables for the rehabilitative and clinical/diagnostic setting are elec-
trically adjustable in surface height and backrest angle, and large padded on the 
support area. Flexible chair-to-table design facilitates the powered patient’s transfer. 
Safety grab bars and arm/leg brackets could support the patient while exercising, in 
special rehabilitative models.

15.1.9	 �Lifting

Lifting technology covers all mechanical equipment or devices used to assist 
caregivers in performing patient-handling tasks, including lifting, transferring, 
wound care, ambulation, and others. Powered bariatric lift devices serve the 
dependent or the cooperative patient, and comprehend floor-based and over-
head/ceiling lifts. Usually two assistants are required, or more according to 
patient’s conditions [4]. General standards indicate the type of devices needed 
to create a safe working environment, according to the patients assisted and the 
performed handling activities [9]. The floor-based total body lift assists tasks 
such as lifting-dependent patients from bed to chair, bed to trolley, and up from 
the floor. The lift motor functions to raise or lower the patient, but caregivers 
must manually push the lift on the wheeled base to the desired location. Turning 
and twisting of equipment under load entail a potential risk for push/pull inju-
ries for assistants [10]. The standing lift raises and lowers a cooperative patient 
from a seated position to a standing one, and assists for turn-and-pivot transfer, 
rehabilitation, social reintegration, wheelchair repositioning, and car extraction. 
Wired by a safety belt, the patient must have some upper body strength, cogni-
tive ability, weight-bearing capability, stability of the trunk, and ability to grasp 
with hands. Overhead lifts offer a superior alternative to the traditional mobile 
hoists, comparing organizational, physical, and safety aspects. Permanently 
installed ceiling lifts require fewer personnel and less space than floor-based 
lifts, and are easier and quicker in the use.
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Their use is apt where dependent or semidependent people need assistance with 
transfers or movements, but their suitability ranges really through a variety of set-
tings and tasks. Spreader bars switched in complete range for sling attachment meet 
each patient’s specific care needs. The lift system is implementable in a variety of 
different models, up to full-room coverage and combined system leading and con-
necting to different areas. Dual-motor systems with wide-set four-point hanger bars 
can allow space for extra-wide body size.

The need of ceiling lift system coverage is equal to the sum of average percent 
total dependent patients and those requiring extensive assistance [1].

Overhead lifts not only allow the typical transfer tasks, but also assist in 
treatment-targeted and training activities in the rehabilitative sector, including:

–– Over the bed, for on-bed movements and bed-to-chair/trolley transfers
–– Rehabilitation exercise of the bedded patient, with elastic bands attached to the 

overhead motor in the locked position
–– In the bathroom, on/off the toilet, in/out of the bath, assisting the patient in the 

standing position for independence in personal hygiene
–– In therapy settings, for assisted walking, standing, balancing, and muscular 

reinforcement
–– In water therapy, for ingress and egress of the swimming pool
–– In specialist treatment or diagnostic settings, to get and hold specific positioning 

of the patient’s limbs or body sector

The costs of installing overhead ceiling hoists are comparable to using traditional 
mobile lifting equipment when the productivity and space advantages are consid-
ered; moreover, they decrease the incidence of staff injuries.

15.1.10	 �Slings

Slings used with mechanical lifts temporarily lift or suspend a patient or body part 
for handling task, but they also aid in rising, standing training, and gait training. 
Sling styles include seated, standing, ambulation, repositioning, turning, pannus 
holder, limb support/strap, supine, toileting, bathing, and others (Table  15.4). 
Criteria for choosing the right sling are patient’s characteristics (size, shape, weight) 
and medical conditions, including head and trunk stability and muscle tone, beyond 
the task to be performed and the required patient’s position [11].

The main advantages of ceiling lift are the following:
•	 They allow patients to be handled anywhere in the room.
•	 Do not present problems of space on the ground or for maneuvering the 

trolley.
•	 Require a shorter maneuvering time, and are accessible and practical.
•	 Substantially reduce the risk of biomechanical overload in the assistants.
•	 They allow good control and communication with the patient during use.
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The effective application of patient-handling slings significantly impacts safety, 
comfort, and dignity, while ineffective sling use can lead to negative consequences, such 
as patient falls, discomfort, pressure ulcers, or even fear of lift device. Organizational 
gaps could interfere with effective application of patient-handling slings, such as defects 
in infection control, lack of inventory, or inadequate staff competency.

The sling’s fabric is soft, breathable, and reinforced, and comes in different sizes 
and shapes. Relative to weight capacity, congruency must keep among all parts of 
the lifting system (track, motor, hanger bar, and sling) with the lowest weight limit 
applied if any difference exists. Slings’ safety over time has to be checked regularly, 
and they are to be replaced when no longer safe. Disposable patient-specific slings 
are particularly effective for infection prevention.

Inserting the sling under the dependent bariatric patient is physically challeng-
ing, and requires competency and safety awareness; usually three caregivers are 
required, along with the use of some aiding devices and the adoption of a proper 
ergonomic technique.

Use of slings combined with bed adjustments and with other devices eases the 
regular mobilization and repositioning of the patient to avoid pressure ulcers, during 
nursing and hygiene procedures, and for rehabilitative purposes too.

In the rehabilitative setting, corset slings aid in the very first phases of motor 
recovery supporting standing, walking, and balancing functions exercised while 
standing or sitting. Combination of ceiling lift with elastic bands attached to the 
overhead motor in the locked position allows even the bedridden patient to perform 
early rehabilitative exercises, using handles for the upper limbs, the band sling for 
the lower limbs, and the multipurpose sling for the pelvis to mobilize.

15.1.11	 �Spaces

Adequate space both promotes the patient’s mobility and supports nurses in the use 
of assistive technology [6, 8].

Given the general prevalence of obesity and the estimated one in rehabilitation 
units [12], 10–20% of the rooms of a rehabilitation unit should be able to accom-
modate bariatric patients. Ceiling lifts may reduce the space required for both care-
givers and rehab equipment [13].

Any diagnostic/treatment or clinic setting will require a minimum clear area of 
18.5 m2/200 ft2, with a minimum clear dimension of 1.5–3.6 m/5–12 ft on each side 
and at the foot of the electric tables/beds.

15.1.12	 �Emergencies

It is important to plan for emergencies that may occur during the patient admis-
sion, avoiding unexpected delays and unpreparedness. Emergency medical teams 
would benefit greatly from powered ambulance gurney loaders as well as pow-
ered ambulance gurneys. Air-assisted lateral transfer devices are apt for 
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transferring the patient out of a bed and onto the gurney in the home setting too. 
Bariatric blood pressure cuffs, tracheostomy kit, and IV kit are required to man-
age the emergency.

15.1.13	 �Staff Training

All bariatric patient-handling and mobility tasks require specialized knowledge and 
training to ensure safe and effective care. A more advanced training should include 
information on the space and technology needs for safe bariatric care, an under-
standing of the comorbidities that occur in the bariatric patient, and assessment and 
decision-making tools, such as algorithms, with related hands-on technology train-
ing. Interactive and participatory style is to be preferred by providing an effective 
learning strategy and simulation training. Education and training should be pro-
vided for all healthcare workers who have direct clinical contact with bariatric 
patients (nurses, nursing assistants, health technicians, radiology technicians, and 
physical and occupational therapists). Training needs to be provided once a year, 
also because equipment and technology evolve.

15.2	 �Motor Rehabilitation Equipment

Treadmills are widely used for testing and training patients with different pathologi-
cal conditions—obesity, cardiopulmonary, orthopedic, and neurological. They pres-
ent wide differences in terms of structure and function that have a direct impact on 
specific rehabilitation protocols. Technological, therapeutic, and rehabilitative 
advances together with the pressure for reducing hospitalization costs have fostered 
in recent years the development of more sophisticated treadmill-based systems for 
rehabilitation of lower limbs. The purpose of this paragraph is to provide rehabilita-
tion specialists a guide that may help in the selection of the most appropriate system 
for patients with obesity.

Commercially available treadmill models present with a wide range of products 
with notable differences in structure and functionality. Such differences make cer-
tain models more suitable for training specific kind of patients or adopting specific 
rehabilitative protocols.

In a previous paper dated 2008 [14], the criteria for a goal-oriented selection of 
treadmills for rehabilitation purposes were defined. Such criteria are to be based on 
specific clinical needs, on the anthropometrics of the patient, as well as on physio-
logical, techno-structural, and economic considerations.

15.2.1	 �Treadmills

The structural characteristics to be considered for selecting an adequate rehabilita-
tion treadmill are engine, structure, dimensions, weight, weight capacity, belt, 
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platform, safety, and control panel. Technical factors include noise, speed, inclina-
tion, and resilience. Selection criteria must always be functional to the type of 
patients to be trained [15]. This means that we have to take into account how we 
use the treadmill during rehabilitation programs. Here is the guideline for the best 
treadmill choice for obese.

15.2.2	 �Technical and Structural Characteristics

15.2.2.1	 �Motor
The motor is a key component of the treadmill. Its power is expressed in horse-
power, HP, or continuous horsepower (CHP). CHP is most useful because it indi-
cates how much power a motor can put out continuously versus just at its peak. How 
much treadmill motor power is needed depends on the type of exercise and on the 
body weight. For people weighing up to 90 kg (around 200 lb), these general recom-
mendations should be valid [16]:

•	 Walking: Choose 2.0 CHP or higher.
•	 Jogging: Choose 2.5 CHP or higher.
•	 Running: Choose 3.0 CHP or higher.

The use of treadmill for obese and bariatric patients is limited to walking (in 
some cases a light jogging) considering the high risk of injuries and morbidity con-
ditions of these subjects.

For those subjects the engine power should be around 3–4 CHP.

15.2.2.2	 �Speed
We need to evaluate starting velocity, incremental interval, and peak velocity. The 
first one is the minimal velocity at which the belt moves when switching on the 
treadmill. Sometimes that is not the absolute minimal velocity, since velocity can 
be further reduced once the belt has started. Usually, the belt starts at 0.5 km/h, but 
for rehabilitation purposes a velocity of 0.1 km/h is often necessary which allows 
evaluation/training even in highly deconditioned patients. Starting velocities above 
0.8 km/h may result dangerous for some patients. The incremental interval is the 
minimal delta between a velocity and its subsequently selected value. It usually 
ranges from 0.5 km/h in baseline models to smaller increments (0.1 km/h) in more 
refined models.

15.2.2.3	 �Inclination
Different mechanisms (electric, pneumatic, and manual) allow inclination of the 
treadmill. Electric elevation is nowadays the most common mechanism. It needs a 
separate engine that must have enough power to elevate the treadmill with its maxi-
mal load—for obese subjects it should have the proper power. Some models allow 
downhill gait at negative inclinations of 10–16%, with 1% increments. Some other 
may reach −25% negative inclinations.

E. M. Capodaglio et al.



249

15.2.2.4	 �Resilience and Track Cushioning
Resilience is the capacity of absorbing the elastic deformation energy determined 
by the impact of the foot on the belt. This is crucial in preventing articular stress on 
the lower limbs. Manufacturers have developed different systems for reducing the 
impact forces as flexible board or specific cushioning systems. Track (or belt) cush-
ioning helps protect joints from the impact of exercise and the optimal resilience 
value is that one closer to the soft ground. In any case it is important to wear a pair 
of running shoes that protect feet during locomotion.

15.2.2.5	 �Weight Capacity
The weight capacity of the treadmill generally varies from 110 to 180 kg but in 
some cases up to 225 kg. Bariatric capacities up to 300 kg have to be considered for 
severely obese patients. It is recommended to choose a treadmill that can officially 
handle at least 30 kg more than the subject weight [16].

This will help ensure that the motor is not strained. Some manufacturers have devel-
oped treadmills with integrated partial body weight support to improve training.

Some treadmills are specially designed for rehabilitating gait-impaired patients. 
The redistribution of weight with the unloading system allows the patient to concen-
trate on coordination without running the risk of falling. This type of treadmill is 
indicated as body weight-supported treadmill (BWST).

15.2.2.6	 �Track Size
During walking, the step length is shorter than during running. The track has to be 
of enough length for this movement, but on the other hand, the longitudinal dimen-
sion is not of great importance during walking. Today’s standards for treadmill track 
length are around 150 and 60 cm width, but for obese subjects the treadmill width 
should be larger. In general, a treadmill track is planar but recently treadmills with 
curve tracks are available. The particular shape allows walking and running without 
the use of an engine. The movement is created using the natural friction of the foot 
with the track itself. This innovative approach allows the patient to guide and regu-
late all the walking phases changing itself the speed. This solution seems to increase 
the metabolic intensity and muscle activation.

15.2.2.7	 �Structure
The structure’s weight is generally correlated to maximal weight capacity, which is 
also related to the engine power. Steel structures have the characteristic of being 
more stable and durable, but at the same time they are heavier than those in alumi-
num. It is preferable to choose welded structures than screwed ones. Plastic struc-
tures should be avoided. A very useful accessory, especially if the treadmill has a 
high weight, is the wheels to allow treadmill handling. Dimensions range from 80 
to 95 cm of width, from 185 to 218 cm of length, and from 135 to 150 cm of height.

15.2.2.8	 �Safety Systems
Treadmills are in general equipped with safety bars or handles mounted in the struc-
ture according to specific needs. Safety bars and handles can be placed frontally or 
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to the side of the track. They are designed based on the pathological condition of the 
subject and the specific task (walking or running). Long handrails offer additional 
patient safety, especially for using the treadmill in rehabilitation. Thanks to their 
special shape, the handrails also serve as handgrips to access the treadmill. They 
must be solid and should not hinder the natural swing of the arms during the loco-
motion. They serve mainly at equilibrium, so they must be easily accessible and 
comfortable in the grip and have a length that covers almost the entire surface of the 
track surface.

The following infographic (Fig. 15.1) indicates the technical features to be taken 
into account for a treadmill suited for the patient with obesity. The number of stars 
is directly related to the importance of the specific aspect for patients with or with-
out obesity.

In light of the fact that the market of the treadmill is dynamic and constantly 
expanding it is difficult to summarize in a table all of the treadmill models that meet 
all the technical features for the rehabilitation of the patient with obesity. We have 
therefore limited the search to specific queries. Among the main parameters of 
choice, we considered the user’s maximum body weight, the power of the motor, 
and the width of the belt. The selection of models was made among the treadmill 
models produced over the last 5 years.

Table 15.5 shows a non-exhaustive list of treadmill with indication of use for 
subjects with obesity. In the first column (light green) the category of use is 
reported: medical, bariatric, and nonmedical. The dark gray columns are related 
to the technical characteristics of the motor. Those in light blue, on the other 
hand, are linked to the track speed, while those in yellow are related to its geo-
metric characteristics. The light gray columns show information about the load 
capacity (related to the patient’s weight). Within this group we have added a 
column relating to lifting systems that can be used in the rehabilitation phase. 
The treadmills with the “tip” are those that highlight this possibility in the data 
sheet. The last red column is related to safety. We took into account those tread-
mills which have, in addition to the front safety bar, at least two side bars running 
along the belt for at least 50% of its length.

15.2.2.9	 �Treadmill-Based Systems
Advances in robotics have contributed to the development of new devices for the 
rehabilitation and evaluation of sensory-motor capacities. The line between 
treadmills and robotic devices has become fuzzier and we have examples of sys-
tems that finely integrate and merge those technologies in a unique device for 

Criteria for the treadmill’s choice:
•	 Specific clinical needs
•	 Anthropometrics of the patient
•	 Type of exercise (walking or running)
•	 Technical aspects (track size, cushioning, safety)
•	 Costs

E. M. Capodaglio et al.
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lower limb rehabilitation. There are treadmill-based systems, developed to pro-
vide partial body-weight support (BWS) during treadmill training. BWS can be 
useful in the rehabilitation of patients with orthopedic or neurological conditions 
who are also obese, where unloading of the joints bearing weight is crucial in 
earlier stages.

These systems have embedded in the track a ground reaction force platform used 
for the spatiotemporal and kinetics parameter detection during the gait or running.

These systems can be considered as a combination of an exoskeleton and a tread-
mill [17, 18]. They execute conventional therapists’ task of assisting legs and hip of 
the patient walking on a treadmill while patient’s body weight is partially supported 
by an overhead support. No specific examples of robotic treadmills for patients with 
obesity are present in the literature, with the exception of the Biodex gait trainer. 
The Biodex Gait Trainer 2 is a device designed specifically for assessment, rehabili-
tation, and retraining of gait. It is the only treadmill with an instrumented deck that 
monitors and records step length, step speed, and right-to-left time distribution (step 
symmetry). It provides both audio and visual feedbacks to facilitate gait training. A 
high-resolution color touch screen LCD display is attached to the treadmill to con-
trol the device settings. Moreover, the Biodex Gait Trainer 2 is supplied by a serial 
interface that allows the download of patient data to a computer for archiving, 
reporting, or exporting data. In the assessment mode, the therapist is able to print 
out objective measurements about various components of the gait pattern [19]. This 
equipment has been used in obese children, nongenetically obese children, and 
genetically obese children with Down syndrome, with the aim of quantifying and 
comparing the spatiotemporal parameters of gait and comparing results with 
normal-weight control children [20]. In another study, the Biodex Gait Trainer 2 
was used to investigate the effect of different categories of weight abnormalities on 
gait parameters in children [21].
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