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®) Ghock for updates Association between sarcopenia

and osteoporosis: the cross-
sectional study from NHANES
woor 1999-2020 and a bi-directions
Mendelian randomization study

Fei Yu,
Peking University, China

* Our study identified that it is a positive correlation exists between OP and
the prevalence of sarcopenia.

* OP and SP may have a strong causal relationship.

* OP is more prone to losing Appendicular Lean Mass, and severe loss of ALM
may lead to a decrease in LS BMD.
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Mitigating disuse-induced skeletal muscle atrophy in ageing:
Resistance exercise as a critical countermeasure

James McKendry | GiuliaColetta | EversonA.Nunes | Char . e
Stuart M. Phillips Highlights

 What is the topic of this review?

Use of resistance exercise training to prevent or
mitigate the disuse-induced muscle atrophy in an
ageing population.

 What advances does it highlight?

The review highlights several potential mechanisms

of disuse-induced muscle atrophy and strategies
before, during and following disuse to prevent,

mitigate and recover lost muscle.




(Skeletal Muscle Atrophy in Ageing and Disuse)

, (Underlying Causes )
Disuse-related: Unloading, Immobilization, Denervation, Reduced Physical Activity.

Age-related: Ageing of Physiological Systems, Insufficient Nutrient Ingestion, Low

Grade Inflammation, Reduced Physical Activity.
\. J

AN N \"\%
: (' Consequences and Mechanisms ) \ \‘:}s‘\s 0‘\’\‘\\‘;
o Reduced Neuromuscular Activation \‘}‘:ﬂ‘\.{:\“ \‘\‘\-;‘\
o Decreased Mechanostimulation TRAP
e Neuromuscular Junction Instability ST
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sEll:;ZfahII:nﬁggll; » Signs of Inflammation and Fibrosis Atrophy resulting from
e Anabolic Resistance Ageing and Disuse
e Reduced Muscle Protein Synthesis
e Increased Muscle Protein Breakdown
o Altered Proteostasis (Accumulation of Misfolded or Defective Proteins)
e Dysregulated Autophagy
e Increased Oxidative and Endoplasmatic Reticulum Stress
e Disturbed Mitochondrial Turnover and Function
e (Accumulation of Defective and Malfunctional Mitochondria) |
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e Sarcopenic obesity is considered to be a combination of sarcopenia (decreased muscle
mass and function) and obesity (excess body fat mass).

Goisser et al Dovepress
Neurodegenerative Behavioral factors with
disease (motor regard to nutrition and PA Psychiatric disorders
neuron loss) / Genetlc factors

Endocrine disorders Medications

Sarcopenia

|
P

Inflammation # Cultural/social
factors

Age related \ SR Environmental factors
(primary sarcopenia): y y (advertising; social
sex hormones, deprivation)
mitochondrial

dysfunction

Figure | Contributing factors for sarcopenia and obesity.
Abbreviation: PA, physical activity.



microbiota—gut—muscle axis

[40, 45, 47]

Muscle anabolic situation
(regular exercise)

1 Faecalibacterium prausnitzii
1 Roseburia hominis

1 Akkermansia

| Bacteroides

Less commonly described

1 Bifidobacterium and Lactobacillus spp. |
demonstrated in rodents '
but not clearly in humans [37, 43]

\ | Lactobacillus [40]

| Proteobacteria [47]

/ Healthy adult \

FIRMICUTES (60-80%)
Ruminococcus
Clostridium
Roseburia
Lactobacillus
Faecalibacterium
BACTEROIDETES (15-30%)
Bacteroides
Prevotella
ACTINOBACTERIA (2-25%)
Bifidobacterium
VERRUCOMICROBIA (1-2%)
Akkermansia

PROTEOBACTERIA (1-2%)

\ Escherichia

)

Muscle catabolic situations
(sarcopenia and cachexia)

| Bifidobacteria
| Lactobacillus (L. reuteriand L. gasseri)
| Faecalibacterium prausnitzii
| Akkermansia muciniphila
1t Enterobacteriaceae (Escherichia, Shigella)

Particularities of undernutrition

1 other opportunistic pathogens (Citrobacter
freundii and Enterococcus faecalis) [23] in elderly,
members of Campylobacteriaceae and
Helicobacteraceae families [24], £. faecalis and

Staphylococcus aureus [26] in children
| Methanobrevibacter smithiiin children [26]

Sarcopenia/high physical frailty [10, 14, S9]
Undernutrition [24, 25]
Cachexia [29, 31-35, 80]



Protective effects of exercise and nutrition interventions in sarcopenia

Exercise Intervention

* Resistance Exercise

= Aerobic Exercise

" High Intensity Interval
Training

" Whole Body Vibration

W Electromyostimulation

Nutrition Intervention

= Macronutrients
= Micronutrients

® Alleviated oxidative stress: AMPK/PGC-1a and Akt/mTOR1
mitochondrial function] ROS| CAT, GSH-Px and SOD?

® Ameliorated inflammation: AMPK/PGC-1a and VEGF1 anti-
inflammatory capacity] pro-inflammatory factors|

® Reduced cells apoptosis: AMPK/ PGC-1 o and PI3K/Akt? oxidative
stress and inflammation| anti-apoptosis proteins? cells apoptosis|

NO1 angilogenesis and endothelial functionf
blood circulation] muscular perfusion?

® Maintained balance of protein synthesis and degradation:
protein synthesisT PGC-1 o and mTORCI pathways? UPS
and downstream| protein degradation

® Cytokines protective effects: IGF-1 1 PGC-1a and IrisinT angiogenesis and
_ mitochondrial function{ anti-oxidant and anti-inflammatory capacities] cells
apoptosis|. GDF15 and TNF-a| oxidative stress and inflammation| muscle
fibers mjury |

® Activate satellite cells: Wnt/B-catenin and and PI3K/AktT Pax7 1 Myf5 and
MyoD?1 satellite cells proliferation and differentiation? excessive activation of 7,
PI3K/Akt/mTOR | SCs excessive activation and injury| cells regenerative
potentials |

® Increased muscular perfusion: VEGF and é‘? R

_—




Skeletal Muscle

Asian
Ethnicity

Skeletal Insulin ResistanceT

e Muscle Glucose Uptake |
* Glycogen Synthesis |

Systemic
Insulin Resistance |

Carbohydrate away
from
skeletal muscle storage

Hepatic do novo
lipogenesis

Blood triglyceride
&
HDL-C

Atherogenic lipid
abnormalities

Endothelial dysfunction
with
impaired vasodilation

Hypertension



Dietary Dietary

carbohydrates proteins
Y \/
Glucose Amino acids
insulin == ==
| @T
|
: Acetyl-CoA —» —>» —> | Ketone bodies
\ increased
N o N (acetoacetate,
____)@ in diabetes D-B-hydroxybutyrate,
\7 acetone)
Fatty acids
Y
Triacylglycerols

Nelson & Cox, Lehninger Principles of Biochemistry, 8e,© 2021 W. H. Freeman and Company



Age-related loss of
muscle mass and

muscle strength

Decline in
physical
activity

<L Nutrition

Reduces total

energy
expenditure

Weight gain

Increases insulin
resistance

Increases
inflammation

Figure 2 Influences of physical activity and nutrition on sarcopenic obesity.
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Safety, Adherence and Attractiveness of Whole-Body
Electromyostimulation in Non-Athletic Cohorts.

A Systematic Review

Wolfgang Kemmler'?, Simon von Stengel', Michael Uder!

'Institute of Radiology, University Hospital Erlangen, Erlangen, Germany
?Institute of Medical Physics, Friedrich-Alexander-University of Erlangen-Niirnberg, Erlangen, Germany



Side effects of and contraindications for
whole-body electro-myo-stimulation

* Muscular damage by WB-EMS

 WB-EMS in patients with heart failure

* WB-EMS in elderly patients with sarcopenic obesity
 Rhabdomyolysis after WB-EMS

 WB- EMS is contraindicated in patients with implanted electronic devices such as:

pacemakers, implanted defibrillators, neuro- stimulators or pain pumps because of potential
electrical interference



> Wien Med Wochenschr. 2015 Nov;165(21-22):427-35. doi: 10.1007/s10354-015-0394-1.
Epub 2015 Oct 26.

[(Very) high Creatinkinase concentration after
exertional whole-body electromyostimulation
application: health risks and longitudinal

adaptations]

[Article in German]
Wolfgang Kemmler ', Marc Teschler 2, Michael Bebenek 2, Simon von Stengel 2

* |nitial high intense WB-EMS application (bipolar, 85 Hz; 350 ms; intermittent, 20 min) led to an
increase of the CK-level by the 117fold (28.545 + 33.611 |U/|) of baseline.

» After 10 weeks of WB-EMS (1 session/week) CK-reaction to intensive WB-EMS-Application was
significantly blunted (906 + 500 IE/Il) and averaged in the area of conventional resistance exercise.

* intensity of WB-EMS should be carefully increased during the initial sessions.



From To
Brain Brain

Motor
Neurons

Sensory
Neuron

Sensory | —
Neuron

Spinal Cord

Image 1: Electrical Muscle Stimulation (EMS) contracts muscles forcefully using electrical impulses,
in much the same way that our brains do. When used correctly, EMS has the capability to improve
our health and well-being.



From a mechanistic perspective

EMS is the same as neuromuscular electrical stimulation (NMES), but in the
rehabilitation literature the term NMES is more often used for local devices,
whereas in fitness and whole-body suits the terms EMS/WB-EMS are

commonly used



EMS Compared with Traditional Resistance Training

Higher training effect in less time (e.g., “20-minute sessions with high internal load)

Preferential recruitment of fast-twitch and deep muscle fibers, even in deconditioned individuals
Lower joint stress for a given muscle load (useful with pain, obesity, or post-rehab)

Simultaneous activation of many large muscle groups, increasing energy expenditure per minute

Usable as a partial alternative to exercise for people with limited mobility



Check for

Comparing the effects of 25-minute electrical muscle stimulation vs. s
90-minute full-body resistance training on body composition and strength:
A 20-week intervention

Stileyman Ulupinar 7@, Ugur Ar1”, Necip Fazil Kishali “, [zzet Ince “©@, Salih Cabuk ,
Cebrail Gencoglu“, Serhat Ozbay “
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novel technology is an effective and safe method to prevent cardiometabolic risk factors
and diseases in older women unable or unwilling to exercise conventionally.

L
-—
=
—
5

h\

Figure 2 WB-EMS application with slight movements in a supine sitting/lying position.
Abbreviation: WB-EMS, whole-body electromyostimulation.



FIGURE 1 | lllustration of WB-EMS.

frail individuals indicated high training
satisfaction with WB-EMS

safe in respect to the risk of
rhabdomyolysis

We observed CK elevations below the a
priori defined threshold of = 5,000 U/I

no typical clinical signs of exertional
rhabdomyolysis (severe muscle pain and
weakness, myoglobinuria) were
observed



Whole Body-Electric Muscle Stimulation (WB-EMS)

e EMS known to improve the

balance of muscles and blood flow
strengthen the heart

relieve pain

increase muscle activity

power

exercise performance

body composition

 WB-EMS can be considered as a feasible and time-efficient exercise option



Efficacy of Whole-Body
Electromyostimulation (WB-EMS) on
Body Composition and Muscle
Strength in Non-athletic Adults. A
Systematic Review and
Meta-Analysis

* 16 studies with 19 individual WB-EMS groups representing 897 participants were included

 old to older untrained or at least non-athletic cohorts

* moderate to high impulse intensity and low to negligible voluntary workload



Schink, 2018 0.20 1.18 0.40 1.85 - 0.42 [-0.06, 0.90]

RE Model for All Studies (Q = 57.28, df = 12, p < 0.001; I = 83.8%) ———— 1.23[0.71, 1.76]
favors control group (CG) favors exercise group (EG)
| 1 i I T l l 1

-2 -1 0 1 2 3 4 5

Standardized mean difference (SMD)

FIGURE 2 | Forest plot of meta-analysis results on muscle mass. The data are shown as pooled standard mean differences (SMD) with 95% ClI for changes in
WB-EMS and control groups.

Vatter, 2010 -0.23 0.88 1.480 1.21 [ » : -1.88 [-2.56, -1.20]
RE Model for All Studies (Q = 61.90, df = 11, p < 0.001; 12 = 86.8%) --.-—- -0.40 [-0.98, 0.17]
favours exercise group (EG) favours control group (CG)
| | i | |
4 -2 0 2 4

Standardized mean difference (SMD)

FIGURE 4 | Forest plot of meta-analysis results on total body fat. The data are shown as pooled standard mean differences (SMD) with 95% CI for changes in
WB-EMS and control groups.

Kemmler, 2010 / Kemmler, 2015 (TEST1) 80.0 77.0 -40.0 90 | » : 1.39 [ 0.60, 2:19]
RE Model for All Studies (Q =5.57, df =7, p = 0.591, = 0.0%) —~— 0.98[0.74, 1.22]
favors control group (CG) favors exercise group (EG)
l [ [ I ﬂ
-1 0 1 2 3

Standardized mean difference (SMD)

FIGURE 6 | Forest plot of meta-analysis results on maximum leg extension strength. The data are shown as pooled standard mean differences (SMD) with 95% CI for
changes in WB-EMS and control groups.
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ISystematic Review and Meta-Analysis

OPEN _

The effects of whole-body muscle stimulation on
body composition and strength parameters

A PRISMA systematic review and meta-analysis

Luiz Rodrigues-Santana, MSc* (2, Louro Hugo, PhDP, Jorge Pérez-Gomez, PhDe, Miguel A. Hernandez-Mocholi, PhDz,
Jorge Carlos-Vivas, PhD¢, Pilar Saldana-Cortés, PhDe, Nicolas Contreras-Barraza, PhD', José C. Adsuar, PhD?

* In total, 26 studies representing 1183 participants were included

 cohorts in terms of age (middle age or older) and level of physical activity
(untrained or less trained)

* WB-EMS protocols that focus on moderate to high impulse intensity and low to
moderate voluntary workload (functional bodyweight exercises)




(Wolfgang Kemmler et al.,.2012) 0.71 0.2669 —— 071 [018,123] 101%
(Jiyoun Kim et al 2020) 111 04319 # 111 [0.26.196] 4.3%
Random effects model <> 0.36 [0.16:; 0.57] 100.0%
Prediction interval I — l [0.04; 0.69]

Heterogeneity: e 15%, 0 =0.28
-1 0 1

Figure 2. Forest plot of the results of the meta-analysis on muscle mass. Data are shown as pooled standardized mean differences (SMD) with 95% Cl for
changes in the WB-EMS and non-EMS training groups. Cl = confidence interval, WB-EMS = whole-body electromyostimulation.

( Sebastian Willert et al 2013) 0.11 0.2584 ——'—— 011 [[040;, 062] 76%
(Alvaro Pano-Rodriguez,2020) 0.17 0.3542 T 017 [[052, 086] 54%
Random effects model <> 0.38 [0.62; 0.15] 100.0%
Prediction interval N— [-1.01; 0.28]

Heterogeneity: J° = 45%, p = 0.02 | l | |
-2 -1 0 1 2

Figure 4. Forest plot of the results of the meta-analysis on body fat. Data are shown as pooled standardized mean differences (SMD) with 95% CI for changes
in the WB-EMS and non-EMS training groups. Cl = confidence interval, WB-EMS = whole-body electromyostimulation.

wWWolfgang Kermmler et al. 2010} 1.48 0.41445 § ; 148 [ 0.6 2.24] 2.8%
Random effects model <& 0.54 [0.35; 0.72] 100.0°%
Prediction interval S — [-0.19; 1.26]

[ | | |

Heterogeneity: Iz =20%, p=0.01
-2 -1 I 1 2
Figure 6. Forest plot of the results of the meta-analysis on strength. Data are shown as pooled standard mean differences (SMD) with 95% CI for changes in
the WB-EMS and non-EMS training groups. Cl = confidence interval, WB-EMS = whole-body electromyostimulation.




Effects of electromyostimulation on performance parameters in sportive
and trained athletes: A systematic review and network meta-analysis

e Both local EMS and WB-EMS lead to

adaptations in strength
jumping
and sprinting

* Neither application appears to be superior
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Systematic Review

Effects of Whole-Body Electromyostimulation on Metabolic
Syndrome in Adults at Moderate-to-High Cardiometabolic
Risk—A Systematic Review and Meta-Analysis

Ellen Guretzki 1, Matthias Kohl 2/, Simon von Stengel (2, Michael Uder !’ and Wolfgang Kemmler 1-3*

Wittman 2016 (Formosa) -0.36 1.3 0.26 1.39 : = = -0.47 (-1.03 to 0.10)
IVhet Model for All Studies (Q =2.19,df =4, p =0.700; ¢ = 0.0%) —E——— -0.33 (-0.59 to -0.07)
favors EG favors CG
I I I I I I
-1.5 -1 -0.5 0 0.5 1
SMD

Figure 2. Forest plot showing the meta-analvsis results of all the included trials [13,14,22-24] for WB-




 WB-EMS and conventional back-
strengthening  protocol are
comparably effective in reducing
nonspecific chronic Low Back
Pain (LBP)

FiGure 1: Alternative training technology whole-body electro-
myostimulation (WB-EMS).



* WB-EMS was found to be effective in
relieving knee pain symptoms and improving
physical function in individuals with
symptomatic knee OA compared to usual
care treatment.

* WB-EMS could be used as an alternative
therapy in the management of knee OA

e particularly for patients that cannot be
motivated for conventional training

Fig. 1. WB-EMS training session (Written informed consent was obtained from the participants to publish this
picture)



Neuromuscular exercise with neuromuscular
electrical stimulation in knee osteoarthritis:
A randomised controlled pilot trial

Jyoti Sabharwal**5P (= Shabnam Joshi®*

Guru Jambheshwar University of Science & Technology, Hisar, India

Visual Analog Scale bl s ¢l5 5,5 conis .

33 3,8des (oiMe > Jols) Knee injury and Osteoarthritis Outcome Score  asliiw, sl wlion; ples .Y
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Effect of neuromuscular electrical stimulation in postoperative shoulder Updates
rehabilitation: A systematic review and meta-analysis

Edmund Jia Xi Zhang ™ ©, Gerald Joseph Zeng ", Denny Tjiauw Tjoen Lie "

* Yong Loo Lin School of Medicine, National University of Singapore, Singapore, Singapore
b Department of Orthopaedic Surgery, Singapore General Hospital, Singapore

Conclusions: NMES can be a valuable tool in multimodal rehabilitation for
postoperative shoulder surgery patients, particularly for pain management.
However, its implementation should be considered within the broader context
of the patient’s overall rehabilitation plan. Further research is needed to
standardize NMES protocols and explore its effects on diverse postoperative
outcomes.



Effect of Electrical Muscle Stimulation Belt for Abdominal
Muscles Activation

Dayeong Choi?" and Won-Seob Shin®*

3Department of Physical Therapy, Graduate School, Daejeon University, Republic of Korea
bDepartment of Physical Therapy, College of Health and Medical Science, Daejeon University, Republic of Korea

Conclusions: The results suggest that EMS activates superficial abdominal
muscles rectus abdominis and external oblique.
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fat

3 * The magnitude and progress of

I lean body mass, fat-free mass, and
Skeletal muscle mass skeletal muscle mass loss following
bariatric surgery: A systematic
review and meta-analysis

-. Fat-freemass .- - __|. B o T i l_ i,
(FFM)

Lean body mass

B
(LBM) * At 12 months post-surgery, pooled LBM loss was

8.13 kg.

* FFM loss and SMM loss were 8.23 kg and 3.18 kg,
_______ Y o __¥__ respectively.

Fat s (FM
& mfss( ) e About 55% of 12-month LBM loss occurred within

3 months post-surgery, followed by a more
gradual decrease up to 12 months.



e Case report of belt electrode-
skeletal muscle electrical stimulation
for acute heart failure with severe
obesity: a novel therapeutic option
for acute phase rehabilitation

B-SES could be an option for patients with
heart failure who have limited mobility and
obesity.

FIGURE 2
Belt electrode-skeletal muscle electrical stimulation. Position was head-up to 10°.



* Effects of whole-body electromyostimulation combined with individualized nutritional
support on body composition in patients with advanced cancer: a controlled pilot trial
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 Immediate Effects of Whole-Body versus
Local Dynamic Electrostimulation of the
Abdominal Muscles in Healthy People
Assessed by Ultrasound: A Randomized
Controlled Trial

The EMS group showed a smaller increase in
posterior HR compared to the WB-EMS and
control groups.

40.00-

30.00-

20.00-

10.007

HR (bpm) means difference after interventions

0.00

|
EMS

!
WB-EMS

Group

|
CONTROL
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Effects of whole-body
electromyostimulation with
different impulse intensity on
blood pressure changes in hyper-
and normotensive overweight
people. A pilot study

Wolfgang Kemmler**, Matthias Kohl®, Simon von Stengel,
Sebastian Willert!, Stephanie Kast? and Michael Uder*

'Institute of Radiology, University Hospital NUrnberg, Erlangen, Germany, “Institute of Medical Physics,
Friedrich-Alexander-University of Erlangen-NUrnberg, Erlangen, Germany, *Faculty Medical and Life

—~ ' - — —~

« we conclude that treated hypertension should not be considered as a definite
barrier for WB-EMS application in moderately old to older cohorts in general.
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