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Obiettivi Formativi

• Le basi Biologiche dell’invecchiamento
• Come si manifesta clinicamente 

l’invecchiamento
• Sarcopenia e Fragilità





Il  muscolo, dal punto di vista 
evolutivo, porta una certa 

«sfortuna»



xestospongia 
muta

• Spugna gigante arriva a vivere 
2200 anni



Questa cozza

vive 500 anni

Questa cozza vive 450-500 anni!!
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FIGURE 1. Mechanisms implicated in 
the pathogenesis of 
sarcopenia.Mechanisms of sarcopenia 
are complex and include skeletal 
muscle fiber atrophy, imbalance of 
muscle protein synthesis and 
breakdown, mitochondrial dysfunction 
and accumulation of ROS, and 
neuromuscular changes. (Created with 
BioRender.com). ROS, reactive oxygen 
species.

https://doi.org/10.1016/j.ajcnut.2023.08.015



Fig. 1. Aging of skeletal muscle is 
central in the pathogenesis of 
immune senescence and 
sarcopenia. Multiple pathways are 
affected, including insufficient 
myokine signalling (IL-6, IL-7, IL-15), 
shifting of membrane bound 
immune regulatory factors towards 
a pro-inflammatory profile, 
impaired immune cell function and 
altered body composition.

https://doi.org/10.1016/j.ebiom.2019.10.034



Fig. 2. Aging tips the scales of IL-6 
signalling. Chronic exposure to IL-6 
and the concomitant release of 
pro-inflammatory cytokines 
promote pro-inflammatory effects 
and muscle catabolism due to IL-6 
signalling. The pulsatile release of 
IL-6 in response to exercise is 
impaired in sarcopenia resulting in 
reduced anti-inflammatory effects 
and impaired muscle anabolism 
mediated by IL-6. The biological 
effect of IL-6 is mediated both by 
canonical and by trans-signalling.





https://doi.org/10.3390/ijms232113452





Morton RW Current Opinion in Critical Care 2018

Resistenza anaerobica



Resistenza anaerobica



Resistenza anaerobica

Burd NA Exerc Sport Sci Rev 2013



Morton RW Current Opinion in Critical Care 2018

Resistenza anaerobica: meccanismi 



Barclay RD Frontiers in Nutrition 2019

Resistenza anaerobica: meccanismi 
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Resistenza anaerobica: possibili 
interventi



Resistenza anabolica: le cause

• Sequestro splenico di amminoacidi
• Minore disponibilità post prandiale di amminoacidi
• Ridotta perfusione del muscolo
• Alterazione vie di signaling intracellulare
• Problemi digestivi
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•Sequestro splenico di amminoacidi
•Minore disponibilità post prandiale di 

amminoacidi
•Ridotta perfusione del muscolo
•Alterazione vie di signaling intracellulare
•Problemi digestivi
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During the ageing process, there are 
gradual impairments in vascular 
function, anabolic signalling, 
arterial compliance, and insulin 
sensitivity.
These impairments may ultimately 
lead and/or contribute to anabolic 
resistance, or a reduced ability to 
mount a muscle protein synthetic 
response to anabolic stimuli. Over 
time, anabolic resistance promotes 
sarcopenia, or the age-related loss 
in muscle mass and function, 
resulting in a loss of functional 
ability and independence in older 
adults

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 114–127 DOI: 10.1002/jcsm.12898



The impact of meal consumption in an older (left) and younger adult (right). In the older adult, there is an increased tendency for insulin to stimulate endothelin-1 (ET-1) release
from the vascular endothelium, rather than nitric oxide (NO) as typically observed in healthy younger adults. Additionally, shear stress subsequent to an increase in blood flow
stimulates the glycocalyx to release NO from the vascular endothelium in younger adults, whereas this effect is significantly reduced with ageing. Glucagon-like peptide-1 (GLP-1)
also stimulates vasodilation through NO-dependent and NO-independent mechanisms in a postprandial state. Finally, the NO that is produced in older adults is more likely to be
scavenged by overproduced and/or unregulated reactive oxygen species (ROS) (i.e. oxidative stress). Consequently, meal consumption in younger adults is ultimately more likely to
cause a robust vasodilatory response, thus enhancing the anabolic potential of meal consumption via greater nutrient delivery to skeletal muscle, when compared with older adults.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 114–127 DOI: 10.1002/jcsm.12898



The postprandial skeletal muscle protein synthetic (MPS) response is dependent on amino acid delivery, which is the product of amino acid availability (e.g. 
concentrations) and blood flow (e.g. perfusion). In healthy younger adults, submaximal doses of essential amino acids (EAAs) are able to optimally stimulate
MPS, whereby increasing to a maximal dose of EAAs does not result in further increases in MPS. In older healthy adults, submaximal doses of EAAs are often not 
able to optimally stimulate MPS, but when maximal doses are given, these individuals are often able to saturate the MPS response. In older sarcopenic adults, 
neither submaximal nor maximal doses of EAAs are able to optimally stimulate MPS. We propose that a rate-limiting factor for older adults consuming 
submaximal and older sarcopenic adults consuming maximal EAA doses to be an inability of the meal consumption to promote adequate skeletal muscle 
perfusion, resulting in high circulating amino acid concentrations in these populations, but poor delivery and consequently impaired increases in MPS.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 114–127 DOI: 10.1002/jcsm.12898



Proposed model of mTORC1-
mediated muscle atrophy in 
sarcopenia. Aged skeletal 
muscle exhibits anabolic 
resistance to hyper-
aminoacidemia characterized 
by an impaired protein 
synthetic response. Basal 
mTORC1 exhibits sustained 
activation in aged skeletal 
muscle, that can contribute to 
neuromuscular junction 
instability, endoplasmic 
reticulum (ER) stress, and 
impaired mitophagy. Poor 
cellular quality control 
mechanisms result in a 
compromised mitochondrial 
pool, leading to impaired 
bioenergetics and enhanced 
reactive oxygen species 
production.
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INOLTRE…..

IL MUSCOLO E’ 
FONDAMENTALE PER IL 

METABOLISMO DEL 
GLUCOSIO







AJ Sinclair et al. Cardiovasc Endocrinol Metab. 2020;22;9:90-95



Billot M et al Clin Interv Aging. 2020 Sep 16;15:1675-1690



frailty is not a synonym of sarcopenia









https://doi.org/10.1038/s41440-023-01310-1

Frailty and Hypertension treatment



https://doi.org/10.1038/s41440-023-01310-1



IL MUSCOLO HA UN RUOLO FONDAMENTALE 
NELL’INVECCHIAMENTO



Curve di sopravvivenza a un anno dopo ricovero 
ospedaliero in base alla presenza di sarcopenia 

(Studio CRIME)

Vetrano D et al JGMS,2014;69:1154-61

SOGGETTI SARCOPENICI PRESENTANO UNA 
RIDOTTA SOPRAVVIVENZA DOPO EVENTO ACUTO 



Sheetz KH et al. J Am CollSurg2013;217:813-818

I pazienti con sarcopenia severa quando operati generano costi che sono 3 volte superiori ai 
coetanei con massa muscolare superiore all’età

LA SARCOPENIA AUMENTA I COSTI 
DELL’ASSISTENZA SANITARIA



Acute Sarcopenia Secondary to 

Hospitalisation - An Emerging 

Condition Affecting Older Adults
Welch Carly 1, 2 ;K Hassan-Smith Zaki 2, 3, 4 ;A Greig Carolyn 5, 6 ;M Lord Janet 1, 6 ;A Jackson 

Thomas 1, 2 ;
1 Institute of Inflammation and Ageing, College of Medical and Dental Sciences, University of Birmingham, Edgbaston, 

Birmingham B15 2TT, UK ; 2 Queen Elizabeth Hospital Birmingham, Edgbaston, Birmingham: B15 2WB, UK ; 3 Institute of 
Metabolism and Systems Research, College of Medical and Dental Sciences, University of Birmingham, Edgbaston, 

Birmingham B15 2TT, UK ; 4 Centre for Endocrinology, Diabetes and Metabolism, Birmingham Health Partners, University 
of Birmingham, Edgbaston, Birmingham B15 2TT, UK ; 5 School of Sport, Exercise #cod#x00026; Rehabilitation Sciences, 
College of Medical and Dental Sciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK ; 6 MRC Arthritis 

Research UK Centre for Musculoskeletal Ageing Research, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK ;

Figure 2.   Proposed disease trajectories associated with sarcopenia. This diagram demonstrates proposed trajectories associated with the development of sarcopenia 
over time. The green line demonstrates expected changes of muscle mass and function associated with healthy ageing; there may be some inevitable loss of muscle mass 
and function but not to such an extent as to cause detriment. The blue line demonstrates the development of chronic sarcopenia over time. The red line demonstrates 
our proposed model of how episodes of acute sarcopenia can potentially lead to the development of chronic sarcopenia over time. 

null,null,0(0),null-null. Doi:10.14336/AD.2017.0315



MALNUTRIZIONE PROTEICA
(55-65 ANNI)

SARCOPENIA
(65-75 ANNI)

DEPRESSIONE 
DETERIORAMENTO 

COGNITIVO
(70-80 ANNI)

DISABILITA’
(75-85 ANNI)

CIRCOLO VIZIOSO DELLA DISABILITA’ LEGATA ALL’INVECCHIAMENTO

PATOLOGIE 
CRONICHE



COME 
MISURIAMO 

LA 
SARCOPENIA



SISTEMI USATI PER MISURARE LA 
MASSA MUSCOLARE

TAC (Tomografia assiale computerizzata)

Radiazioni Ionizzanti
Costi
Impossibile rivalutazione periodica

RMN (Risonanza Magnetica Nucleare)

Tempi lunghi di esecuzione
Costi
Impossibile rivalutazione periodica

DEXA (Densitometria ossea NON a ULTRASUONI)

Attrezzatura pesante ed ingombrante
Algoritmi proprietari
Impossibile rivalutazione periodica



COME SEMPLIFICHIAMO 

LA SITUAZIONE?



COME MISURIAMO LA SARCOPENIA

Cruz-Jentoft et al. Age Ageing 2010 
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GLI STRUMENTI

Callosità della pianta dei piedi 
e sudorazione alterano la 
misurazione



GLI STRUMENTI

Misura solo massa muscolare 
degli arti superiori



Spessore della cute sul dorso delle 
mani  e dei piedi più costante nel 
tempo e zone a sudorazione ridotta

GLI STRUMENTI
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Come si previene la  sarcopenia

• Prevenzione dieta ipoproteica frequente nell’anziano

• Cibi ricchi di carboidrati sono

• Economici

• Facili da cucinare

• Facili da masticare

• Prevenzione ipomobilità

• L’anziano si muove poco perchè 

• Dolore artrosico (attenzione alla cura del 
piede)

• Non gestisce l’incontinenza

• Ha paura di cadere



E il dolore?
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Pain Neuroscience Education (PNE)
With respect to PNE, chronic pain is not viewed as a result of unhealthy or dysfunctional tissues. Rather, it 
is due to brain plasticity leading to hyper-excitability of the central nervous system, known as central 
sensitization.[3] The ultimate goal for Pain Neuroscience Education (PNE) is to increase pain tolerance with 
movement (e.g., be able to perform exercise with mild discomfort), reduce any fear associated with 
movement, and reduce central nervous system hypersensitivity. In practice, this often includes the use of 
educational pain analogies, re-education of patient misconceptions regarding disease pathogenesis, and 
guidance about lifestyle and movements modifications that can be introduced.
There are two clinical indications for initiating Pain Neuroscience Education (PNE)[4]:
•the clinical picture is dominated by central sensitization
•illness coping mechanisms or poor illness perception is present
  

Effects of central sensitization
Central sensitization is when there is amplification of pain in the central nervous system. It can result in 
hypersensitivity to stimuli, responsiveness to non-noxious stimuli, and increased pain response evoked by 
stimuli outside the area of injury, an expanded receptive field. [5]This can be assessed during the subjective 
and objective portion of a patient's evaluation. A physical therapist can determine what a patient's 
perception of their own pain is and how they cope with their pain.

https://www.physio-pedia.com/Pain_Neuroscience_Education_(PNE)

https://www.physio-pedia.com/Chronic_Pain_and_the_Brain
https://www.physio-pedia.com/Neuroplasticity
https://www.physio-pedia.com/Pain_Neuroscience_Education_(PNE)#cite_note-:1-3
https://www.physio-pedia.com/Pain_Neuroscience_Education_(PNE)#cite_note-:2-4
https://www.physio-pedia.com/Pain_Neuroscience_Education_(PNE)#cite_note-5
https://www.physio-pedia.com/File:Effects_of_central_sensatisation.png


PNE aims to reconceptualize pain to patients 
with these four main points:
•Pain does not provide a measure of the state 
of the tissues
•Pain is modulated by many factors from 
somatic, psychological, and social domains
•The relationship between pain and the state 
of tissues becomes less predictable as pain 
persists
•Pain can be conceptualized as the conscious 
correlate of the implicit perception that tissue 
is in danger[6]

Application of PNE
The application of PNE is most useful as part of a combination therapy for chronic pain that includes physiotherapy 
intervention (including exercise therapy) and may or may not include pharmacological treatment. Its application is 
best applied by trained and skilled clinicians with experience in managing patients with chronic pain conditions. 
Overall, PNE serves as a method of reconceptualizing a patient's perception of their pain experience, providing an 
avenue for reducing pain, disability and improving quality of life[6]. PNE puts the complex process of describing the 
nerves and brain into a format that is easy to understand for everyone regardless of age, educational level, or ethnic 
group.[7]

https://www.physio-pedia.com/Pain_Neuroscience_Education_(PNE)#cite_note-:0-6
https://www.physio-pedia.com/Therapeutic_Exercise
https://www.physio-pedia.com/Pain_Medications
https://www.physio-pedia.com/Quality_of_Life
https://www.physio-pedia.com/Pain_Neuroscience_Education_(PNE)#cite_note-:0-6
https://www.physio-pedia.com/Pain_Neuroscience_Education_(PNE)#cite_note-:10-7
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he Iowa oral performance instrument (A) and how it is 
used for obtaining maximal tongue pressure (B).



Electrode placement (A) and signal display (B) for the 

electromyographic assessment of swallowing muscle 

activity. Left red vertical line, onset of swallowing; middle 

red vertical line, peak amplitude; right red vertical line, end 
of swallowing.



Ultrasonographic images and schematic drawings of tongue and adjacent muscles in the sagittal (A) and 
coronal (B) planes. Tongue muscle: red color block; geniohyoid muscle, pink color block; mylohyoid muscle, 
yellow color block; MB: mandible; HB: hyoid bone; double arrowed line, thickness of the tongue muscle.



Ultrasonographic images and schematic drawing of the anterior belly of the digastric muscle in the coronal plane. 
Digastric muscle, green color block; mylohyoid muscle, yellow color block; geniohyoid muscle, pink color block



Ultrasonographic images show the hyoid movement at the 
onset of swallowing (A) and the moment of maximal 
displacement (B). Double-headed line, the distance 
between the mandible and hyoid bone.
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