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Summary

> Evidence of an anti-inflammatory effect of WB-EMS is growing. However, applying comparable impulse-protocols, studies reporting
positive effects on inflammatory markers, possibly including adipokines, used high volume, superimposed WB-EMS protocols that differ
from the time-efficient, non-superimposed concepts mainly used in scientific and commercial settings. The aim of the present trial was to
determine the effect of “standard WB-EMS” on inflammatory markers and adipokines in overweight to obese adults.

> Seventy-two overweight to obese adults 40-70 years old with osteoarthritis (OA) of the knee, were randomly allocated to a 29-week
standard WB-EMS application 1.5x20min/week (WB-EMS) or to a usual care control groups (CG) with six sessions of physiotherapy. Study
outcomes were changes of ultra-sensitive CRP, IL-1b, adiponectin, leptin, total and LDL-cholesterol. Intention to treat analyses with multiple
imputation with an ANCOVA adjusted for baseline group difference was applied.

> Six participants (WB-EMS=5) were lost to follow-up. Attendance rate averaged 88=10% in the WB-EMS group and >90% in the CG. After
theintervention, we did not observe any significant change of usCRP, IL-1b, adiponectin, leptin, total and LDL-cholesterol levels or significant

between group differences (i.e. “effects”). Adverse effects related to the intervention were not observed or reported.
> The present low-volume, non-superimposed WB-EMS (standard) approach does not seem to have a significant effect on the analyzed
inflammatory biomarkers and adipokines in overweight to obese adults with knee OA.
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Introduction

Due to its time efficiency, consistent supervision
and joint friendliness Whole-body electromyosti-
mulation (WB-EMS) is an attractive training tech-
nology for many patients unable or unmotivated to
exercise conventionally (11). Particular due to its
low mechanical stress, WB-EMS might be a suita-
ble resistance-type exercise for knee osteoarthritis
(OA). A current study provided evidence for positive
effects of high-volume, superimposed WB-EMS on
knee OA in older women (18), however the underlying
mechanisms are still unclear. It has been shown that
OA is often associated with obesity as well as with
other metabolic diseases, such as insulin resistance,
dyslipidemia or hypertension, together or separately
(3). The so-called “metabolic” OA phenotype has
emphasized the systemic role of adipose tissue dis-
tribution and of adipokines in OA pathophysiology
(i.e., cartilage matrix degradation and joint inflam-
mation). So far, a recent study (19) reported positive
effects of WB-EMS on intra-abdominal fat mass in
obese elderly women. However, it is not completely
understood whether adipokines directly affect OA
or whether this association is solely attributable to

an increased body fat mass as mediator creating a
pro-inflammatory status (3). Therefore, the aim of
our study was to determine the effects of non-supe-
rimposed WB-EMS applied 1.5x 20 min/week on adi-
pokines and inflammatory markers in overweight to
obese adults with moderate knee OA. Although not
fully justified by the present literature on WB-EMS
effects on inflammatory biomarkers and adipoki-
nes (7, 15, 18), we expected significant effects on ult-
ra-sensitive C-reactive protein (CRP), interleukin-1f
(IL-1B), adiponectin and leptin compared to a usual
care control group.

Material and Methods

Study Design

The present WB-EMS randomized controlled trial
(RCT) is part of the “electromyostimulation for the
treatment of knee osteoarthritis (OA) (EMSOAT) stu-
dy”. The present study focuses on WB-EMS effects on
inflammatory markers and adipose tissue hormones.
EMSOAT was planned, initiated and conducted by
the Institute of Radiology, University Hospital >
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CG (N=36)
VARIABLE
MV=SD

Gender (women/men) [n] 24/12
Age [years] 57.9+7.0
Body height [cm] 174.3£9.0
Body mass [kg] 89.5+15.1
Lean body mass (LBM) [kg]' 58.1+11.8
Total body fat [%]' 35.0+7.7
Waist circumference [cm] 100.7+11.5
Obesity (BMI 30.0 kg/m?) [n] 2 18
Physical activity [Index] ? 3.7+1.1
No exercise at all [n] 12
Mean Arterial Pressure [mmHg] 104.8+9.5
Number of diseases [n] 2 1.47+1.11

Baseline characteristics of the study participants. '=as assessed by Bio Impedance Analysis (BIA), >=Index from 1: very low to 7: very high.

WB-EMS (N=36)

MV+SD P
22/14 624
58.3+7.2 791
173.2+9.9 621
93.2+15.1 309
60.2 £12.5 A54
35.2+£9.2 .950
102.7+10.9 464
18 1000
3.6+1.3 683
13 .804
103.6+9.4 999
1.22+1.27 507

Erlangen, Germany. The University Ethics Committee of the
FAU gave official consent (Nr. 352_20 B) in complete adherence
with the Helsinki Declaration “Ethical Principles for Medical
Research Involving Human Subjects”. After detailed informati-
on, all study participants provided written approval. The project
was registered under ClinicalTrials.gov (NCT05672264).

Participants

The full recruitment process of EMSOAT was described in ano-
ther publication (5). Briefly, (figure 1) participants were inclu-
ded if they met the following inclusion criteria: (a) age 40-70
years old, (b) overweight/obesity (BMI>25 kg/m?), (c) ACR crite-
ria for knee OA (1) with (d) radiographic or MRI-simulated Kell-
gren-Lawrence grades 2 and 3. Exclusions were (a) WB-EMS or
resistance exercise (260 min/week) in the last 12 months, (b)
glucocorticoid or opioid therapy, (c) trauma of the knee joint or
(d) intra-articular injections in the last 12 weeks, (e) conditions,
diseases and corresponding therapy with relevant impact on
our study outcomes (e.g. rheumatoid arthritis, fibromyalgia),
and (f) contraindications for WB-EMS (14). Finally, eligibility
was confirmed by the study physician. Twelve people declined
participation mainly because of the randomized assignment
to the study groups (WB-EMS or control). In summary a total
of 72 participants, 46 women and 26 men, 58+7 years old, were
both eligible and willing to participate in the current study
(figure 1).

Randomization and Blinding

Ensuring allocation concealment, participants assigned them-
selves to either the WB-EMS or control group by drawing lots.
Assistants, testers and outcome assessors were blinded to the
participants’ group status (WB-EMS or CG).

Study Procedures

The WB-EMS training group (WB-EMS) underwent WB-EMS
application while the control group (CG) received a “usual care”
intervention (physiotherapy). Additionally, a self-management
education program for knee OA was undertaken by both groups.

WB-EMS Intervention
We applied video-guided, consistently supervised WB-EMS
(miha bodytec’, Type II, Gersthofen, Germany) 1.5x20 minu-
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tes/week for 29 weeks. Both thighs and upper arms, gluteals,
abdomen, chest, lower back, latissimus, and upper back were
stimulated with bipolar current, 85Hz, 350 ps impulse width
and a direct impulse boost. 6-seconds of EMS stimulation were
interspersed by a 4-second impulse break. Impulse intensity
was prescribed “6-7” (i.e., “hard+ to very hard”) on the Borg CR10
Scale. Low amplitude, low intensity movements were conducted
in a standing position during the impulse phase. The approach
fully respects the updated international guideline for safe and
effective WB-EMS (10).

Control Intervention (Physiotherapy)

In accordance with standard care procedures for knee OA in
Germany, the control group underwent six physiotherapy ses-
sions, with a once weekly treatment frequency and a duration
of 20 minutes/session. The physiotherapy session addressed the
individual knee OA complaints of the participants. Correspon-
dingly, the session focused on exercises and hand-on physio-
therapeutic treatment aiming at pain reduction, muscle tissue
flexibility, mobility of the knee joint and strengthening the lo-
wer muscle extremity. It was recommended that the therapy be
carried outin one of three co-operating practices. All practices
were informed about the study and the aims of the study in a
letter accompanying the prescription.

Study Outcomes

As indicated, the EMSOAT study primarily concentrated on
assessing outcomes linked to knee osteoarthritis. The current
contribution focused on changes in markers of obesity in con-
junction with fat metabolism biomarkers and hormones as well
as inflammatory biomarkers.

Adipokines

- Changes in Leptin between baseline and 29-week follow-up
(FU)

- Changes in Adiponectin between baseline and 29-week FU

Inflammatory Biomarkers

- Changes in ultrasensitive CRP between baseline and 29-
week FU

- Changes in IL-1{3 between baseline and 29-week FU
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Fat Metabolism (Subordinate

Outcomes)

- Changes in Cholesterol between base-
line and 29-week FU

- Changes in LDL-Cholesterol between
baseline and 29-week FU

Assessments

Biomarkers: Blood was drawn one week
prior to the WB-EMS intervention and 5
days following the completion of the in-
tervention. After an overnight fast, blood
was consistently sampled between 7:00
and 9:00 in the morning in a sitting posi-
tion from an antecubital vein. Serum sam-
ples were centrifuged for 20 min at 3000
RPM and stored at -80°C. All biomarkers
were measured in standard clinical labo-
ratories. Ultra-sensitivity C-reactive pro-
tein (usCRP) was analyzed on an Alinity
¢ system (Abbott Laboratories, Chicago,
USA with manufacture’s reagents). For
measurement of IL-13 an Immulite 1000
(Siemens Healthineers AG, Forchheim,
Germany) was used.

Baseline Characteristics and Con-

Assessed for eligibility

h 4

WB-EMS: n=36
Received WB-EMS
intervention: n=36

!

Lost to follow-up: n=3
- injury: n=1
- surgery: n=1
- personal reasons: n=1

Quit the intervention: n=2
- orthopaedic injury: n=1
- personal reasons: n=1

founding Factors
Body height was measured using a Hol-

tain stadiometer (Crymych Dyfed., UK). l
Direct-segmental, multi-frequency

Bio-Impedance-Analysis (DSM-BIA, In-

Assessed at follow-up

Body 770, Seoul, Korea) was utilized to n=31
assess body mass and body composition.

Waist circumference was determined in -
a standing position as the minimum cir-

cumference between the distal end of the n=36
rib cage and the top of the iliac crest along

Included in the [TT Analysis:

the midaxillaryline at the end of a normal
expiration.

n=440
— Excluded (n=368)
- Did not meet inclusion criteria: n=327
- unwillingly to be randomly assigned
to the groups: n=12
- Unwilling to attend MRT: n=6
- Declined to participate for other reasons: n=23
Randomized
n=12
Control: =36
Received control

intervention: n=36

!

Lost to follow-up: n=1
- surgery: n=1

v

Assessed at follow-up
n=35

hd

Included in the ITT Analysis:
n=36

At baseline, a comprehensive stan- | Participant flow through the study according to PRISMA.

dardized questionnaire gathered infor-
mation on (a) demographic factors, (b) physical limitations,
co-morbidities, history of surgeries, pharmacological treatment
and dietary supplements, as well as (c) lifestyle aspects such as
physical activity, exercise and diet. After 29 weeks of interven-
tion, participants were asked to complete the FU questionnaire
that aimed to identify changes in conditions/diseases, pharma-
cologic and physical therapy, exercise and diet i.e., factors that
could potentially affect the present outcomes.

Sample Size Calculation

Sample size calculation was based on the primary outcome
“pain of the knee joint” not addressed in the present contribu-
tion. However, based on prior findings from Gao et al. regarding
the effect of exercise on hsCRP (Standardized Mean Difference:
0.61,

power: 0.8), a sample size of 24 participants per group would be
sufficient to detect a significant result with a two-sided paired
t-test (a =.05).

Statistical Analysis

Applying the Intention-to-Treat (ITT) principle with multiple
imputation (R Development Core Team Vienna, Austria along
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with Amelia IT) all participants included in the study were ana-
lyzed. T-test determined changes from baseline to 29-week FU
within the groups, ANCOVA adjusted for baseline differences,
was used to analyze corresponding between group differences
(i.e. “effects”). Due to violation of normal distribution, IL-1f3 was
log transformed before analysis. Pearson chi-square tests were
used to analyze categorical variables. Standardized mean dif-
ference (SMD) was calculated according to Cohen (Cohen’s d).
All tests were 2-tailed, significance was accepted at p <0.05.

Results

Table 1 displays baseline results of the study cohort. In sum-
mary, no significant differences were observed between the
WB-EMS and the CG at baseline.

Drop-out and loss to follow-up is displayed in figure 1. Apart
from four participants who were unable to attend the FU as-
sessment, two participants of the WB-EMS group quit the study
because of personal or orthopedic reasons not related to the
intervention. Attendance rate averaged 88+10% in the WB-EMS
group and >90% in the CG. No unintended adverse effects or
injuries related to the WB-EMS application were observed >
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Baseline data and changes of biomarkers of fat metabolism in the CG and WB-EMS groups with corresponding between group differences (ANCOVA). CG=control
group; WB-EMS=Whole-Body Electromyostimulation.
ADJUSTED
c6 MB-ENS DIFFERENCE P-VALUE EFFECT SIZED
MV+SD MV£SD MV (95% Cl)
LEPTIN [ng/ml]
Baseline 23.9+15.7 240176 - .990
Changes 1.11+8.93 1.90+9.24 .80 (-3.42 t0 .5.01) 708 .09
ADIPONECTIN [pg/ml]
Baseline 8.09+4.88 6.94+423 - .289
Changes -.22+1.60 -27+1.72 19 (-.94 t0 .555) .606 .03
CHOLESTEROL [mg/dI]
Baseline 210.4+43.1 21534412 - .625
Changes 1.5+19.8 8.3+21.4 1.3 (-2.0 to 16.6) 123 .33
LDL CHOLESTEROL [mg/dI]
Baseline 138.5+40.5 146.3+379 e 406
Changes 2.3+16.2 2.8+16.8 1.6(-59109.1) 668 .04

or reported by the participants.

Study Outcomes

Tables 2 and 3 show results for biomarkers at baseline and the
corresponding changes after 29 weeks of intervention. Based
on minor intragroup changes without significant differences
between CG and WB-EMS for body weight (CG: 0.78+0.47 kg
vs. WB-EMS: 0.43+0.49 kg; p=.736), waist circumference (CG:
0.60+0.47 cm vs. WB-EMS: -0.20+0.48 cm; p=.259) and body fat
percentage (CG: 1.21+0.33% vs. WB-EMS: 0.42+0.34%; p=.098),
we determined only non-significant within as well as between
group changes for leptin and adiponectin (table 2). In parallel,
neither total nor LDL cholesterol levels were significantly alte-
red in the WB-EMS intervention or the CG (table 2).

In a next step, it was tested whether inflammatory process-
es were suppressed by the WB-EMS training independently of
alterations of adipose tissues. In summary, in comparison to
the control group no significant WB-EMS-induced effects were
determined for usCRP and IL-1p (table 3). In addition, no sig-
nificant changes within the WB-EMS or CG were observed for
usCRP and IL-1{ (all p > .05) (table 3).

Confounding Factors

No significant changes within or between the groups were
recorded for physical activity and exercise during the study
period. Changes in dietary habits with lower carbohydrates/
sugar and/or energy intake was reported by four participants
of the WB-EMS and five participants of the CG respectively. No
relevant changes of medication (e.g., glucocorticoids, statins),
conditions (e.g. eating disorders) or diseases (e.g. thyroid func-
tion) with potential impact on the biomarkers addressed here
were reported.

Overweight and obesity is a strong predictor of knee OA inci-
dence (16), not only due to the higher mechanical load but also
to the pro-inflammatory effects particularly triggered by the
visceral adipose tissue (VAT) fraction (9). Applying a joint fri-
endly, time efficient WB-EMS protocol, we failed to determine
significant positive effects on obesity, fat metabolism, leptin
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and adiponectin. Consistent with this, a meta-analysis of the
efficacy of WB-EMS found no significant effect for reduction of
body fat mass in 12 study groups (12). Additionally, only weak
evidence (20) for positive effects of WB-EMS on adiponectin
and leptin, as biomarkers of fat mass and metabolism has so
far been provided. However, in a prospective observational stu-
dy baseline adiponectin and leptin levels were not associated
to changes of cartilage and bone biomarkers (4). Hence, these
adipokines do not seem to be involved in OA pathology, which
might explain why their levels were not changed due to the WB-
EMS intervention in our study. On the other hand, Resistin, an
adipokine that is also considered as an inflammatory marker,
seems to be more sensitive to super-imposed WB-EMS (15, 18,
23). This points to an effect of a pro-inflammatory body status
on OA that is at least partly independent of obesity (21). Howe-
ver, we could not establish a down-regulation of the inflammat-
ory biomarkers psCRP andIL-1p due to the WB-EMS interventi-
on. In contrast, Park et al. (18) reported positive effects on IL-6,
TNFa, CRP and Resistin-levels after intense isometric exercise
superimposed by WB-EMS 3x 30 min/week for 8 weeks . Apart
from the higher exercise volume and intensity of the training
protocol by the shorter intervention period thatleading to acute
adaptions to the WB-EMS stimulus that level out over longer
periods. However, with respect to the latter speculation, at least
no acute effects on inflammatory markers (hsTNFa, IL-6, IL-10,
hsCRP) was reported after maximum intensity belt electrical
stimulation (B-SES)(22), a technology closely related to WB-
EMS (2). In parallel, there is a lack of evidence for leveling-off
effects of WB-EMS-application on inflammatory biomarkers
and adipokines.

Addressing limitations and particularities of the present
trial, (a) the sample size analysis did not focus on the present
biomarkers but on knee pain, as the primary outcome of the
study (24). Nevertheless, the sample size (n=72) exceeds the sta-
tistical power of most exercise studies with significant positive
effects on inflammatory biomarkers (6, 17) or adiponectin and/
or leptin (6, 17) and should therefore be adequate to address
the present research question. As an example, applying the ex-
ercise effect on hsCRP of Gao et al. (SMD: 0.61, power: 0.8), 24
participant/group are sufficient to obtain a significant result
with a two-sided paired t-test (a = .05) (6). (b) We established
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group; WB-EMS=Whole-Body Electromyostimulation.
CG WB-EMS
MV=SD MV+SD
ULTRA-SENSITIVE C-REACTIVE PROTEIN (usCRP) [mg/dI]
Baseline .304+.311 .313+.281
Changes -.042+.306 -.041+.312
INTERLEUKIN 13 (IL-1B3) [pg/ml]
Baseline .104+.029 0.781+.152
Changes .005+.132 -.016+.138

Baseline data and changes of inflammatory biomarkers in the CG and WB-EMS groups with corresponding between group differences (ANCOVA). CG=control

ADJUSTED DIFFE-
RENCE P-VALUE
MV (95% CI)

EFFECT SIZE D

- 899 -
.007 (-.09 to .11) .886 .00
.031 (-.030 t0 .091) 196 .16

a usual care (physiotherapy) control group in order to create a
real-world scenario that focuses on the treatment of knee OA
however. Nevertheless, one may argue that the physiotherapy
session and/or the self-management education program might
have positively impacted the results of the CG. However, all the
CG sessions were conducted during the first 3 months, thus it
is unlikely that positive effects in the CG might have relevantly
affected our 7-month findings. (c) The biomarker analysis was
not stratified for sex, which might be an issue, since leptin levels
in particular are much higher in women than in men. However,
we adjusted for baseline differences between the participants
to make the results comparable without losing statistical pow-
er due to an analysis of smaller, stratified groups. (d) Several
drugs like statins have been associated with changes of adipo-
kine levels, which might have influenced our results. However,
corresponding evidence is limited and effect sizes seem to be
negligible (8). Additionally, no relevant changes of medication
were recorded during our intervention. (e) Despite we included
people with overweight and obesity, i.e. a cohort of increased
risk for (low grade) inflammation, baseline data of inflammato-
ry biomarkers were in average in the normal range (hsCRP <1,0
mg/1, IL1-beta <1 pg/ml). Correspondingly, there might have
been a decreased potential for positive changes of hsCRP and
IL1-beta. Furthermore, it has to be noted that most participants
exhibited biomarker levels that were within or near the refer-
ence values of a comparative healthy population. Hence, the
limited possibility of improvements due to WB-EMS might have
led to an underestimation of the positive intervention effects.
Future studies in more vulnerable groups will be necessary to
clarify this limitation.

Conclusion

Our study found that low frequency, non-superimposed WB-
EMS protocols (i.e. the present standard protocols) was ineffec-
tive to significantly improve body fat metabolism and inflam-
matory biomarkers in overweight to obese adults. |
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The aim of the present study was to evaluate the effect of
WB-EMS, modifications of daily activity and diet on car-
diometabolic risk in premenopausal overweight and obese
women.

In summary, the WB-EMS intervention featured the lowest
drop-out- and the highest compliance rate. While no signi-
ficant between-group differences were determined, only in
the WB-EMS group the MetS Z-score improved significantly
(p=.003 vs. CG: p=.647 vs. PA: p=.119).

WB-EMS plus increased daily activity and dietary optimiz-

ation seems to be a promising combination to improve the
MetS in premenopausal overweight and obese women.
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Einleitung

Ganzkorper-Elektromyostimulation ist eine Trai-
ningstechnologie, die als zeiteffektiv und gelenk-
freundlich gilt. Insbesondere durch den Aspekt der
niedrigen mechanischen Belastung ist WB-EMS eine
geeignete Trainingsmethode fiir Personengruppen
mit schmerzhaften Bewegungseinschrankungen
und/oder Bewegungsangst. Neben chronischen
Riickenschmerzen trifft dies insbesondere auf die
Osteoarthrose (OA) zu. Neben der geringen me-
chanischen Belastung wird als weiterer Vorteil des
WB-EMS-Trainings diskutiert, dass durch die Ak-
tivierung grofder Muskelgruppen méglicherweise
eine systemische Wirkung durch entziindungshem-
mende Faktoren generiert wird. So zeigen klinische
Studien signifikant positive Effekte von WB-EMS auf
Entziindungsmarker und Adipokine, die mit dem
inflammatorischen Prozess in Verbindung stehen.
Betrachtet man diese Untersuchungen jedoch néher,
so zeigt sich, dass deren WB-EMS-Protokoll sich bei
nahezu identischen Impulsparametern durch ein
relativ hohes Trainingsvolumen (3x20-40 min/Wo-
che) und die adjuvante Durchfithrung intensiver
Korperiibungen (.superimposed WB-EMS®) von
den derzeitigen zeiteffektiven Standardprotokollen
ohne relevante willkiirliche Muskelaktivitét unter-
scheidet. Unsere Fragestellung war somit, ob (auch)
ein Standard-WB-EMS Programm positiven Einfluss
auf Entziindungsmarker und einschldgige Adipoki-
ne nehmen kann. Dafiir wurde eine randomisierte
kontrollierte WB-EMS-Intervention mit iibergewich-
tigen Patienten mit Kniearthrose durchgefiihrt.

Material und Methoden

Insgesamt wurden 72 iibergewichtige (BMI>25 kg/
m?) Studienteilnehmer im Alter von 40-70 Jahren
mit einer Kniearthrose randomisiert einer WB-
EMS-Gruppe (n=36) oder einer ,usual care“ Kontroll-
gruppe (KG: n=36) zugeordnet. Die WB-EMS Grup-
pe fiihrte ein siebenmonatiges, bipolares WB-EMS
Standardprogramm (85 Hz, 350 ps, rechteckig, 6 s
Impuls/4s Impulspause) mit einem Trainingsvolu-
men von 1,5x20 min/Woche durch. Die KG erhielt
sechs standardisierte Physiotherapiesitzungen.
Gleichrangige Endpunkte der Untersuchung wa-
ren die Verdnderungen von ultra-sensitivem CRP,
IL-1B, Leptin und Adiponektin. Zusétzlich wurden
Gesamt- und LDL-Cholesterin erfasst. Die Analyse
erfolgte nach den ,Intention-to-Treat“-Prinzip mit
multipler Imputation. Eine auf basale Unterschie-

de adjustierte ANCOVA wurde zur Berechnung von
Zwischengruppenunterschieden (,Effekten”) heran-
gezogen.

Ergebnisse

Nach siebenmonatiger Intervention lag die Teilnah-
merate der WB-EMS-Gruppe bei 88+10 % und die
der CG-Gruppe bei >90 %. Es wurden keine uner-
wiinschten Wirkungen oder Verletzungen im Zu-
sammenhang mit der WB-EMS-Anwendung beob-
achtet. Zusammenfassend wurden keine signifikant
positiven Effekte fiir usCRP (p=.886), IL-1f (p=.196),
Leptin (p=.708) und Adiponektin (p=.606) sowie
Gesamt- (p=.123) und LDL-Cholesterin (p=668) er-
fasst. Storvariable wie Veranderungen des Lebens-
stils, Medikamenteneinnahme oder Erkrankungen
mit relevantem Einfluss auf unser Ergebnis wurden
nicht berichtet.

Diskussion

Die derzeitigen zeiteffektiven WB-EMS Standardpro-
gramme zeigen keinen wesentlichen Einfluss auf die
inflammatorischen Biomarker/Adipokine usCRP, IL-
1B, Adiponektin und Leptin (p=.606). Ob der Verzicht
aufintensive Kérperiibungen, das geringe Trainings-
volumen oder eine Kombination beider Aspekte das
vorliegende Ergebnis maf$geblich beeinflusst, miis-
sen Folgeuntersuchungen evaluieren. |

—_

)

w

=

. UNIVERSITY HOSPITAL ERLANGEN,

Institute of Radiology, Erlangen,
Germany

. FRIEDRICH-ALEXANDER UNIVERSITY

ERLANGEN-NURNBERG, Institute of
Medical Physics, Erlangen-Niirnberg,
Germany

. UNIVERSITY OF FURTWANGEN,

Department of Medical and Life
Sciences, Schwenningen, Germany

FRIEDRICH-ALEXANDER UNIVERSITY
ERLANGEN-NURNBERG, Institute for
Biomedicine of Aging, Erlangen,
Germany

G088

Article incorporates the Creative Commons
Attribution — Non Commercial License.
https: licenses/by 4.0/

R

QR-Code scannen
und Artikel online
lesen.

KORRESPONDENZADRESSE:

Wolfgang Kemmler, Prof. Dr.

Institute of Medical Physics and

Institute of Radiology, Friedrich-Alexander-
University of Erlangen-Niirnberg (FAU)
Henkestrasse 91, 91052 Erlangen

& : wolfgang kemmler@fau.de

GERMAN JOURNAL OF SPORTS MEDICINE « 75 - 2/2024

63



