
Age related changes in bone, muscle and fat tissues and related factors
Ilich J, Kelly O, and Inglis J. Current Gerontology and Geriatric Reserch 2016



Handgrip strength across the live course

Figure 2. Normative data for grip strength across the life course in men and women in the UK (Dodds RM, et al. 
PLoS One. 2014;9:e113637). Centiles shown are 10th, 25th, 50th, 75th and 90th. Cut-off points based on T-score of 
≤ -2.5 are shown for males and females (≤27 kg and 16 kg, respectively). Color-coding represents different birth 
cohorts used for the study (Figure adapted with permission from R Dodds and PLOS One).



Muscle strength decline with age

Fig. 1. Force required to rise from a chair relative to the strength of a person. At 20 years of
age, the maximal voluntary contraction (MVC) is much higher than the force required to perform a 
simple task, such as rising from a chair. Because of the reduction in muscle strength with aging, the 
same task may represent a maximal effort in an 80-year-old person.

W Frontera, Phys Med & Rehabil Clin North America 2107, DOI: 10.1016/j.pmr.2017.06.004p 



Muscle strength and the life course 
A.J. Cruz-Jentoft et al. Age and Ageing 2018; 0: 1–16

Figure 3. Muscle strength and the life course. To prevent or delay sarcopenia 
development, maximise muscle in youth and young adulthood, maintain muscle 
in middle age and minimise loss in older age.
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Trunk Muscle Function

Effector organ of the neuromuscular control system

• Stabilize the spine

• Trunk movement

• Critically involved in:

– Gait function 

– Maintenance of proper posture 

– Maintenance of body balance



Sit to Stand Task - Aging

http://livedoor.blogimg.jp/suchan4wd6/imgs/c/9/c9c8b8f7.jpg

D. Ignasiak et al./Journal of Biomechanics 70 (2018) 175–184

• Requires muscle strength, power and 
postural stability

• Older adults execute task:
• More slowly 
• With a greater trunk flexion, 
• Lower peak vertical forces (Yamada & Demura, 

2010, Alexander 2001, Gross 1998) 

• More dynamic trunk use (van Lummel 2018)

• Raising COM from low to high point
• Muscle weakness & 
• Force generation in lower extremities extensors at 

unfavorable point on length tension curve
• Near maximal effort

• Compensation 
• Trunk flexion increase to bring COM closer to knees at 

lift-off
• After peak trunk flexion a well timed & rapid knee 

extensor burst initiates the movement of the legs and 
trunk (Scarboorough 2007, Galan Mercant et al, 2014)



Sarcopenia

Hormonal factors
Testosterone ¯
Androgen ¯
Estrogen ¯
GH & IGF ¯
Myostatin 

Changes in life style
Physical activity ¯

Nutrition related factors:
Anorexia, Vitamin D deficiency

Muscel fiber size ¯

Immunological factors
IL-1β  & IL-6 , TNF-α 

Motor units ¯
Number of Fibers ¯

Loss of Motor neurons
through apoptosis and
superoxid dismutase mediated
Neurotoxicity

Schema das die derzeitigen Konzepte zur Ätiologie der Sarkopenie zusammenfasst (Adaptiert von Narici & Maganaris 2006; J Physiol 2015).

Etiology of Sarcopenia

Frailty Disability
mobility↓ morbidity↑ hospitalization↑



Paraspinal Muscle Morphology and Composition: A 15-yr Longitudinal 
Magnetic Resonance Imaging Study

MARYSE FORTIN, et al., Med. Sci. Sports Exerc., Vol. 46, No. 5, pp. 893–901, 2014 

CONCLUSIONS: 

• Over adulthood both the lumbar multifidus and erector spinae lumbar undergo similar morphological changes with a 

decrease in size and muscle mass and an increase in muscle fatty infiltration and asymmetry  

• The morphologic changes appeared greater in L5-S1 than in L3-L4 (atrophy 2.6%/yr for erector spinae at L5-S1). 

• The levels of physical activity at work and leisure were NOT related to these morphologic changes. 

• 99 adult male twins, 

• Age at study entrance:

47.3  (± 7.4) Jahre 

• Age at follow-up: 

62.3 (± 8.0)  

L3-4

L5-S1



Fat Replacement of Paraspinal Muscles with Aging in Healthy Adults
J.R. Dahlquist et al. MSSE Vol. 49, No. 3, pp. 595–601, 2017

Summary:

• Compared to leg muscles - paraspinal muscles demonstrated a significantly higher age related 

increase in fat – content. Such morphologic changes within the paravertebrals were NOT 

correlated with BMI or bodily loading activity. 

• Males had a significantly smaller fat fraction  in the lumbar paraspinals than females. 

• Knee extension strength with age  ↓ and was correlated with CSA ↓ of thigh 

• Back extension time did  NOT correlate with CSA or thoracolumbar fat fraction 

Methods:
• 55 healthy adults (28m, 27f. 
• 10–12 represented 5 decades (20–29, 

30–39, 40–49, 50–59, and 60–76 yrs)

• MRI (CSA und Fat fraction of 
paraspinal and leg muscles

• Dynamometry
Leg muscles (isometric) 

• Biering Sörensen Test
Back extensors



Factors contributing to muscle vasting

muscle weakness
endurance failure reflex inhibition

joint injury
pain

immobilisation

muscle atrophy

[Holder-Powell, Rutherford Arch. PMR1999]



Structural changes in non-specific LBP
(systematic review)

Acute & recurrent 
LBP

Chronic LBP Undefinable LBP

Atrophy * No atrophy
Moderate evidence

* Multifidus 
(6/7 studies)

* CSA Back extensor
only at L4 and L5

* Conflicting
evidence

Fat content * No evidence for
fat infiltration

* But: lipid content
in muscle fibers ↑
in RLBP

* Conflicting results
for multifidus
muscle

Na

Fiber type Na * No differences in
MuFi distribution

* Type I fibers
larger than type II
fibers

Na

Goubert D et al. Pain Physician 2016



LBP: Structural & Morphological Back Muscle Alterations
Systematic reviews

• The results indicate atrophy in CLBP in the multifidus and paraspinal muscles but not in the erector spinae. No atrophy was shown in RLBP and ALBP. Fat infiltration 

did not occur in RLBP, but results in CLBP were inconsistent. No abnormalities in fiber type in the paraspinal muscles were found in CLBP. (Goubert D, et al. Pain 

Physician. 2016)

• Evidence regarding muscle fiber typing in back muscles is either inconclusive or shows little 

differences. The most plausible evidence exists for differentiation in proportional fiber type area 

depending on sex. (Cagnie B, et al. J Manipulative Physiol Ther. 2015) 

• Evidence that multifidus CSA was negatively associated with and predictive of LBP up to 12 months 

but conflicting evidence for an association between erector spinae, psoas, and quadratus 

lumborum CSA and LBP.  (TA Ranger et al., Spine J 2017).

• People with LBP were found to have somewhat smaller multifidus muscles with a significant amount 

of intramuscular fat infiltration. Varying sample size, age and BMI of participants, quality of studies 

and the procedures used to measure fat infiltration are possible reasons for inconsistencies in results 

of previous studies. (Seyedhoseinpoor T, et al. Spine J. 2021) 



Acquired Lumbar Spinal Stenosis
Pathophysiology – Role of Muscle weakness (adapted from Bagley C et al, F1000 Res. 2019 )

ALSS (vast majority of cases) - result from a cascade of changes:

• Stabilizing axial muscles: degeneration and weakness (atrophy).

• Daily wear and tear and potential occupational (leisure time) hazards -> repeated trauma to axial spine -> 

desiccation of nucleus and collapse of disk space (Fortin M et al., ESJ 2017)

• Collapse of the disk space destabilizes and shortens anterior spinal column - shifts the axial stress toward 

posterior elements of the lumbar spine elements (facet joints, interspinous ligament, ligamentum flavum, 

subarticula ligament) (Yoshida, Spine 1992)

• Chronic excessive stress -> joint overgrowth and ligament thickening (with synovial hypertrophy, synovial cyst and 

osteophyte formation, posterior ligament buckling and reactive thickening)

• Degenerative spondylolisthesis of the anterior displacement of a vertebral body over the disk space with or 

without bony pars defect can also be an important bony contributor to spinal stenosis (Paker SL et al., J Neurosurg 2014; 

Yabe Y et al. Spine 2015)



Fig 1 Degenerative spinal stenosis: frontal (A), sagittal (B), and axial views (C). 
Jon Lurie, and Christy Tomkins-Lane BMJ 2016;352:bmj.h6234

©2016 by British Medical Journal Publishing Group

Degenerative spinal stenosis: frontal (A), sagittal (B), and axial views (C). Thickening of the tissue surrounding the dural sac is shown in 
purple. The axial figure depicts only a relatively minor degree of stenosis to allow visualization of the different structures. Reproduced 
with permission from the department of orthopedic surgery at Dartmouth-Hitchcock Medical Center

Pathophysiology of acquired LSS 
LSS a result of: 

• anteriorly - disc collapse and herniation 

• laterally - facet joint and subarticular 

ligament overgrowth 

• Posteriorly - lig. flavum buckling and 

thickening 
(Schröder GD et al., J Am Acad Orthop Surg 2016)



Fig 1 and 2. 
Potential explanation for symmetrical 
paraspinal denervation in stenosis. Segmental 
hypermobility both compromises the area of 
the spinal canal and creates tension where 
the posterior primary ramus travels under the 
mammilo-accessory ligament. (Figure credit: 
Karin Roszell)



Muscle quality and spine fractures

J cachexia sarcopenia muscle, First published: 24 January 2022, DOI: (10.1002/jcsm.12915)

The muscle area and muscle density in subjects with and without vertebral compression fractures.

Cumulative hazards of vertebral compression fracture in total population (A) and women (B) stratified by muscle area and muscle 
density (C) during the follow-up. Threshold of muscle area was set at <9.2 cm², 9.2–12.3 cm², and >12.3 cm². The threshold muscle 
density was set at <36 HU, 36–48 HU, >48 HU.

Total population Females Mu desity



If compared to other (weight bearing) muscles 
particularly predictive for: 

• Future falls 
• Limited mobility 

• Frailty 

• Need for institutionalization  

[e.g. Suri 2013, 2011, 2009, Beauchamp 2016]. 

Impaired Back Muscle Function in Elderly



Journal of Cachexia, Sarcopenia and Muscle, Volume: 6, Issue: 4, Pages: 278-
286, First published: 07 July 2015, DOI: (10.1002/jcsm.12051) 

2021-2030 WHO Decade of Healthy Aging

Potential role of back muscle function in healthy ageing strategies? 

Early detection of changes in motor function 
particularly in back extensor muscles might 
offer opportunities for prevention and 
targeted interventions.

Goal: Add life to years, not just years to life. 




