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Janssen ea. J Appl Physiol 2000;89:81-8

N=468, total body SM via MRI 

18-29yr 70+ 18-29yr 70+

Male 34±6kg 28±3kg 42±4% 36±7%

Female 22±5kg 18±3kg 34±6% 30±5%

Bautmans ea. Acta Clinica Belgica, 2009; 64-4

(Acute) Hospitalization
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Kortebein ea. J Gerontol 2008

11 healthy subjects, aged 67±5 yrs, 10days bed rest

6

16 OM aged 55-65 yr & 16 YM aged 18–30 yr

14 days bed rest followed by 14 days rehabilitation

Pisot ea. J Appl Physiol. 2016;120(8):922-9.
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Van Ancum ea. Exp Gerontol. 2017;92:34-41.

25 articles, 1789 patients, mean age 65-86 yrs, overall median LoS =15 days

Van Ancum ea. Exp Gerontol. 2017;92:34-41.

25 articles, 1789 patients, mean age 65-86 yrs, overall median LoS =15 days
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9

Norheim, Bautmans & Kjaer Exp Gerontol. 2017;99:115-9.

N=214 hospitalized geriatric patients aged 81–91 yrs

CI: CRP remained ≥10 mg/L; BN: CRP decreased to<10 mg/L after one week of admission

Early stage mtDNA mutator End stage mtDNA mutator

Normal force Reduced fatigue resistance Reduced force

Mouse model of 
premature ageing 
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Fatigue resistance
• Based on max. grip strength
• Time (seconds) until grip strength  to 50%Max
• Reliability 

o Inter-observer ICC(3,1)= 0.77 – 0.91
o Intra-observer ICC(3,1)= 0.82 – 0.94

Grip Work
• Integrating grip strength and fatigue resistance
• Reflecting muscle work during FR test

Bautmans ea. AgeingClin&ExpRes 2005; Mets ea. AmJGeriatrPharmacother 2004; Bautmans ea. JGerontol 2005; Bautmans ea. BMC 
Geriatrics 2007; Bautmans ea. JAmGeriatrSoc 2008; Bautmans ea. JGerontol 2010; Bautmans ea. JNutrHealth&Ageing 2011; Beyer ea.

ExpGerontol 2011; Bautmans ea. Gait & Posture 2011; Beyer ea. BMC Musculoskeletal 2011; Arnold ea. Exp Gerontol. 2017; 
De Dobbeleer ea. Exp Gerontol. 2017;98:192-8.

Inflammatory Patients Non-inflammatory Patients

N=63, Age=70-98 yrs
Bautmans ea. J Gerontol 2005; 60: 361-7

* Inflammatory Patients Significantly Weaker than Non-
Inflammatory (p<0.05)

‡ Significant difference in evolution (p<0.05)

Fatigue resistance Grip Strength
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Admission After 1 Week After 2 weeks

Hospitalized geriatric patients with acute infection, N=43, aged 84 ± 6 years

Evolution FR significantly different between 3 groups (p=0.021) and improvement celecoxib group significantly better than 
acetaminophen group (p<0.05) control group (p<0.05)

+66%

Mets, Bautmans ea. Am J Geriatr Pharmacother 2004; 2: 230-8

Hospitalized geriatric patients with acute infection, N=30, aged 70-94 years

Beyer, Bautmans ea. BMC Musculoskeletal 2012

p=0.011
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N=66, age 24-91 yrs, elective abdominal surgery

Bautmans ea. J Gerontology 2010; 65: 266-73

Bautmans ea. J Gerontology 2010; 65: 266-73

Inflammatory response 
following surgery
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Dantzer Brain, Behavior, and Immunity 2001; 15: 7–24

Kelley ea Brain, Behavior, and Immunity 2003; 17: S112–8

Dantzer Nature Reviews 2008

Central component
N. Vagus

Humoral pathway
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Age 66-91 yrs, 
18 healthy control, 
10 hospitalized with acute infection

Central or peripheral mechanism?

Arnold ea. Revision submitted

sEMG and voluntary force recordings of M. Adductor Pollicis at the start (left panel) and end of the fatigue
protocol (right panel). Arrow A = superimposed force elicited by the interpolated twitch method when force
declined to 50% of MVC; Arrow B = force elicited by the control twitch in relaxed muscle following the fatigue
protocol.

Arnold ea. Exp Gerontol. 2017;95:128-35.
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Decreased activation ratio postfatigue *p<0.05

= Hospitalized Patients        = Healthy Elderly 

Muscle activity decreased significantly in the
geriatric patients during the fatigue protocol
(repeated measures ANOVA p<0.05). Significant
time*group interaction was observed when
muscle activity at the end of the fatigue protocol
was compared to pre-fatigue levels (repeated
measures ANCOVA corrected for age p=0.014*).

Voluntary activation Muscle activity

Arnold ea. Exp Gerontol. 2017;95:128-35.

Supinski ea. JApplPhysiol 2009; 107: 1389-96

Cecal ligation perforation (CLP)

sham surgery + saline ip

CLP + calpain inhibitor peptide III (12 mg/kg ip)

CLP + caspase inhibitor zVAD-fmk (3 mg/kg)

Rats (n=4/group)
At 24 h, diaphragms were removed
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Powers ea. AmJPhysiolRegulIntegrCompPhys 2005; 288:337-44,  JApplPhysiol 2007; 102: 2389-97

Peripheral component

Powers ea. AmJPhysiolRegulIntegrCompPhys 2005; 288:337-44,  JApplPhysiol 2007; 102: 2389-97
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Exercise in acute settings to
counter muscle weakness

• 17 articles included
• Positive effects on functionality
• No extra related costs but cost-effective
• Recommendations:

• Start walking and encourage to increase the distance
• Balance and gait retraining exercises 

• semi-tandem foot, standing, line walking, stepping practice, walking with small obstacles, proprioceptive 
exercises on unstable surfaces, and altering the base of support, and weight transfer from one leg to the 
other.

• Exercises for executive and cognitive functions
• stimuli for eating and dressing, space-time orientation, reasoning, memory, language, attention and 

perception 
• Resistance-training programs 

• include explosive mode 
• include exercises in which daily activities are simulated
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15 articles describing efficacy
• Functional benefits & safe
4 articles describing feasibility
• <50% of the geriatric hospitalized patients meet the inclusion criteria to 

start an exercise program
o 3%-19% unwilling “they felt unwell or did not feel like exercising”

= sickness behavior ~ inflammation

Rathleff ea. Pilot and feasibility studies. 2017;3:56.

N=15 hospitalized patients aged 71-94yrs

unsupervised elastic band exercises 1x/day 3x10 reps @10–12RM
Only 4/15 patients completed 33% of the recommended number of sets!



Geriatriedagen
February 8th 2018

PRESENTATION
Spierzwakte bij gehospitaliseerde 
geriatrische patiënten 15PROF IVAN BAUTMANS

Norheim ea. Med Sci Sports Exerc. 2017;49(6):1079-85.

N=16, 85±2 yrs,  acute hospitalized geriatric patients
7d/wk unilateral leg extension 3-6 sets of 10-12 reps @12RM 

Hip Fracture
High prevalence of (pre-fracture)

• Sarcopenia (47% based on muscle mass)
• Frailty (69% intermediate to high frailty)
• Malnutrition (84-91% MNA<24, 71% Vit D deficiency)

Return to pre-fracture state 
= inappropriate goal!

Rehab targets
• Recovery from fracture / surgery
• Countering weakness, malnutrition & frailty

= long term!

Krishnan ea Age & Ageing 2014; Hida ea Geriatr & Gerontol Int 2013; Fiatarone Singh Curr Opin Nutr Metab Care 2014; 
Shyu ea J Gerontol 2013; Bryson ea Acta Orthop Belg 2013; 
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N=40, age 79±8 yrs, hip fracture surgery

Strength training fractured limb

– start Day1 postsurgery

– Knee extension

– Seated on the bed, weight-cuff around ankle

– 3x 10rep @ 10RM (until fatigue), 5d/wk

– Throughout hospitalization, 4±2 sessions

Kronborg ea. PLoS One. 2014;9(4):e93332.

Kronborg ea. PLoS One. 2014;9(4):e93332.
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Suetta et al. J Appl Physiol 2004; 97: 1954-62; Seutta et al. JAGS 2004; 2016-22

Elective Hip Replacement
n=36 aged 60–86yrs Rehab initiated 1–2 days post surgery 

RT: 3-5 reps @ 8–12 RM, 3x/wk

ES: electrical stimulation of
the quadriceps muscle (1 h/day)

SR: functional exercises and isometric 
muscle contractions without external 
loads

Exercise during inflammation
Chronic inflammation (CF, DM-1, COPD, asthma, MS, CHF, Mc Ardle)

• ↑↑ acute IL-6 + ↑TNF-α, longer elevated in CF COPD
• other studies found no significant differences
• bias by NSAIDs or corticosteroids

Acute inflammation
• Geriatric hospitalized patients

o Functional benefits & safe
o <50%  included to start exercise

– 3%-19% unwilling “they felt unwell or did not feel like exercising”
= sickness behavior ~ inflammation

• Post-surgery
o Strength training: feasible, no ↑pain, strength gain

• No data on immune response!

Ploeger ea. Exercise Immunology Review 2009;15:6-41; Kronborg e.a. PlosOne 2014; 9(4): e9332; 

Kosse ea. BMC Geriatrics 2013, 13: 107
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35

Muscle ageing = sarcopenia

• Hospitalization at higher age

o Acute & inflammatory patients are weaker

o Inflammation delays recovery

• Exercise interventions

o Safe and beneficial in acute setting

– Implementation remains challenging

– Supervision & coaching by PT’s

– Dose-response relationships

Take home messages

Thank you

ivan.bautmans@vub.be
www.vub.ac.be/FRIA


