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Abstract
Sarcopenia is a progressive decrease of muscle function, bulk, and strength that occurs gradually as we age and become frail. This

results in a decline in physical stamina that affects normal individuals and those with disabilities. Sarcopenia interferes with func-

tionality, productivity, activities of daily living, and poses risks related to deconditioning and predisposition to physical and psycho-

logical consequences. The affected individuals become at increased risk for falls, lack of independence, increased fatty tissue, social
isolation, and eventual possible depression. Sarcopenia was considered a natural course of the aging process and was not considered

a disease. But, recently, with revised consensus on definition, it is now considered a muscle disease that can be acute or chronic. Emphasis here is made at the difference between aging that is a natural process and frailty that is partially reversible.

This clinical review will encompass the latest updates on this syndrome in spinal cord injury (“SCI”) patients as it increases the

burden of morbidity and mortality. We recognize that the pathophysiology of sarcopenia is complex and intertwined. This manu-

script will briefly review the possible implicated etiologies of sarcopenia without going in dept as our goal is emphasis on sarcopenia
in spinal cord patients.
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Definition of sarcopenia
In general, research related to sarcopenia is scarce and is still

in embryonic stages. This is reflected in finding an accurate and

‘stable’ definition. But we know the term originates from Greek;
sarx for flesh, and penia for loss [1]. A major clinical review study

on sarcopenia published in 2015 emphasizes on the necessity of

combining evaluations of the two elements of sarcopenia: loss of
muscle mass and loss of muscle strength [2].

But in 2000, it was estimated that the health care cost of sarco-

penia in the United States of America was close to 18 billion dollars.
The problem will likely become more complex and costly as the
general population is aging [3] and likely will become a geriatric
clinical nightmare.

In a study considered to be possibly the first epidemiologic

study regarding the prevalence of sarcopenia, published in 1998,
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Baumgartner., et al. theorized that prevalence of sarcopenia in-

there is a significant decrease in the number of alpha motor neu-

nia was directly associated to physical disability in both men and

noted in the neuromuscular junction, with reduced number [8].

creased from 13-24% in persons under 70 years of age to over
50% in persons 80 years of age or older. Self-reporting of sarcope-

women, independent of ethnicity, morbidity, income, age, obesity,
and health behaviors [4].

Like any newly studied clinical entity, the definition of sarcope-

nia get often revised and updated. Lang., et al. opined that sarcopenia implies the loss of muscle mass, but describes a set of cellular

level changes, and subsequent outcome processes. The cellular

changes include denervation, mitochondrial variations, inflamma-

tory cascades, and hormonal changes. The outcome processes include diminished muscle strength, decreased function and mobility, fatigue, presence of metabolic disorders, and falls/fractures [5].

Sarcopenia and skeletal muscle and neuromuscular changes
in SCI
Natural aging process modifies the skeletal muscles and causes

atrophy and disuse atrophy. These changes include decrease in contractile properties, in mass, bulk, composition, and material prop-

erties of ligaments, tendons and attachments [5]. The aging muscle
morphology changes cause loss of both type I and enhanced loss of

type II fibers. This affects the muscle function. In turn, the loss of
fast motor units and the simultaneous loss of type II fibers result

in loss in muscle power [5]. These changes in muscle strength have
been associated to decreases in muscle mass as well as reductions
in power per unit area and force per unit area, as non-muscle tissue
components take over the lost muscle fiber [6].

Another aspect of the aging skeletal muscle is the infiltration of

muscle tissue by adipose deposit in the non-functional and non-

used muscle unit, as a result of increased expression of the adipocytic phenotype with aging [7]. Research showed that plausible

rons [7]. Similarly, losses in peripheral nerve fibers and alterations

of their myelin sheaths are affected by aging [7] as are changes
In addition, studies have shown that aging causes loss of motor
units, adaptive sprouting followed by maladaptive sprouting, and

continuing recession of terminals, contributing to the progressive
weakness [9].

Sarcopenia and protein homeostasis imbalance in SCI

Skeletal muscle is maintained by a homeostasis of synthesis of protein from free amino acids and the dissociation of
muscle protein into free amino acids. With aging, the imbalance between synthesis of degradation result in muscle loss.
Aging causes decreased expression of hormonal factors that
promote protein synthesis and increased expression of both
endocrine and inflammatory factors that negatively contribute to protein balance by promoting protein degradation [5].
Insulin-Like Growth Factor- 1 (IGF-1) promotes protein synthesis in the skeletal muscle. It binds to receptors on skeletal
muscle cell surfaces and ignites a cascade of cell pathways
which are “anabolic, anticatabolic, and antiapoptotic” [10].
Aging causes a decline of growth hormone, which results in
reduced liver IGF-1 production and reduces skeletal muscle
production of IGF-1 [5]. In turn, age-related decline in IGF1 production is linked to age-related reductions in protein
synthesis and muscle cell function [5].
Sarcopenia and biological, inflammatory, and hormonal
changes in SCI
Studies have shown that the increase in pro-inflammatory cy-

reasons for this adipose expression include “loss of lipid storage

tokines (e.g. interleukin [IL]-6, tumor necrosis factor [TNF]-α,)

muscle satellite cells and osteoblast precursors, into a partial adi-

relationship of inflammatory status with muscle mass and muscle

capacity in fat depots, altered fatty acid handling causing lipid ac-

cumulation, dysdifferentiation of mesenchymal precursors, such as
pocyte phenotype” [7].

Since skeletal muscles work in harmony with the motor nerve

endings and neurons, abnormalities in the aging nervous system

can affect the aging muscles as well. This can affect multiple levels
including the higher motor cortex, the spinal cord, peripheral neurons, and the neuromuscular junction [7]. At the level of the cord,

are implicated as potential cause in several age-related biological

changes [11]. Accordingly, it was demonstrated there is an inverse
strength [12]. In particular, TNF-α is found to be a central mediator
of cellular inflammatory and apoptosis, and plays a significant role
in aging [13].

Research demonstrated a potent hormonal role in the skeletal

muscle mass. In particular Growth Hormone and testosterone have

a direct effect in muscle decline with aging [14]. Testosterone was
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found to induces muscle fiber hypertrophy by controlling protein
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In SCI, the complete absence of voluntary muscle contraction

synthesis and breakdown in the muscle [14]. GH and IGF-1 were

accompanied by the total loss of neurological input is followed by a

decline do contribute to the formation of sarcopenia.

dysregulation after SCI [20]. Similarly, it was found that the accu-

found to be essential for the maintenance of lean body and bone

mass [15]. Therefore, in combination, hormonal imbalances and
Sarcopenia: Measurements and assessment

In 2019, multiple researcher and experts in the field of sarco-

penia in Europe, along with the Writing Group for the European

Working Group on Sarcopenia in Older People 2 (EWGSOP2), and
the Extended Group for EWGSOP2, published a landmark consensus review paper on the definition and diagnosis of sarcopenia
[16]. That review paper, that we cannot delve into much detail

as we focus on spinal cord injury in this manuscript, has updated
many items related to sarcopenia including important items that
we will paraphrase as a summary so not to change the contents of
the new consensus, as following:
•
•
•
•
•
•

•

“The primary indicator is low muscle strength”

“Sarcopenia is now a disease that can be acute or chronic”

“Development of algorithm for assessment of severity, case
finding, and diagnosis”
“Specific cut-off points for measures that identify and characterize sarcopenia”
“Emphasis on early detection and better treatment”

“Low levels of 3 parameters in sarcopenia: muscle strength,
muscle quantity, and physical performance as indicators for
severity of sarcopenia”
“Increase awareness of sarcopenia and its risk”.

Sarcopenia in spinal cord injury

Research supports the fact there is significantly higher incidence

and risk for musculoskeletal morbidities in adults with spinal cord
injury (SCI) than adults with no SCI (82.4% Versus 47.5%) [17].

Verdijk., et al. demonstrated that although both sarcopenia and

rapid loss of skeletal muscle mass [19]. In particular, lower extremities muscle atrophy is a major contributing factor to metabolic

mulation of adipose tissue within and between the muscle groups
of the legs can be up to four times greater in those with SCI [21].

Unfortunately, adipose tissue deposition in skeletal muscle is

associated with chronic inflammation, impaired lipid metabolism,

protein metabolism, glucose intolerance, and decreased strength
and mobility in SCI and in general population [22].

Since bone and muscle share several catabolic pathways that

lead to variable degrees of disease in SCI patients [23]. The extent
of bone to muscle relationship is so strong that in cases of chronic
SCI, the skeleton of the inferior third of the femur and upper third
of the tibia may sustain 70% of decreased mineral density [24].

In one study found that the total muscle mass decreases by

about 9.5% within 6 months, and the muscle mass of the lower

limbs is decreased by 15.1% a year after the SCI [25]. Another

study published in 2007, showed that most paraplegics lose motivation while aging and stop performing standing or walking, and
thus losing the effects of loading of the lower extremities [26].

In SCI, altered function and atrophy of the skeletal system is a

polyfactorial end result. It is the product of disuse atrophy, spasticity, and damage at a microvascular level. This leads to the induction

of marked morphological and enzyme changes in SCI [27]. Neuronal demise, disturbed vasoregulation, and muscle denervation

contributes to the severity of the atrophy of muscles after SCI. Malabsorption leads to protein deficits and muscle catabolism. Hormonal disturbances of the thyroid, gonads, cortisol, and development of insulin resistance lead to sarcopenia a product of protein
deficiency [27].

Protein synthesis and degradation for muscular use are essen-

SCI are associated with loss of skeletal muscle function and mass,

tial for the survival of muscles. With SCI and subsequent atrophy

duction in satellite cell content in humans [18]. It was found that

dergoes a slowing of protein synthesis which retards the body’s

muscle fiber atrophy with SCI (Types I and II fibers) and aging
(Type II fibers) is accompanied by a muscle fiber type-specific reSCI is associated with severe atrophy of both the Types I and II

muscle fibers, with a shift toward approximately 90% Type II fibers [18].

due to inactivity, the degree and length of disuse can be detrimental. During the first initial days of disuse, the muscle complex un-

ability to replenish contractile protein for muscle cells. This leads

to muscle protein breakdown [28]. Unfortunately, when proteolysis
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becomes greater than protein synthesis, the muscle mass pays for
it and it diminishes with resultant altered body composition [29].

To make matters worse for SCI-related sarcopenia, Duckworth.,

et al. found that SCI is associated with 50% susceptibility rate in
patients tested for problems with glucose intolerance, insulin re-

sistance and diabetes [30]. In fact another study confirmed preva-

lence of type 2 diabetes mellitus was 3.5 times higher in individuals

with SCI (22%) compared to controls (6%). It concluded that 50%
of those with paraplegia and 82% with tetraplegia were found to
be diabetic [31].

Sarcopenia: Therapeutic implications
Much research has recently focused on the scarce and limited

therapeutic management of sarcopenia in SCI. In reviewing the literature, the authors of this manuscript conclude that there is no

one particular treatment modality that will fix this complex syn-

drome. Instead, a multidisciplinary multifaceted approach is recommended.

Therapeutics geared towards bone
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This therapeutic approach is limited in research outcomes.

There are no particular guidelines in this field.
Bisphosphonates

Research has shown that early administration of bisphospho-

nates and anti-resorptive agents can reduce SCI-related osteopo-

rosis [37]. But many researchers doubt the efficacy and the safety
profile of bisphosphonates in patients with SCI.
Sclerostin antagonists

Animal studies suggest that sclerostin antagonists might be a

possible therapeutic option to prevent bone loss after acute and
chronic SCI [38].

Parathyroid hormone
Parathyroid hormone (PTH) is essential in calcium metabolism.

The subcutaneous intermittent administration of PTH has been

Therapeutics geared towards muscles

used for two decades as an anabolic therapeutic agent for osteopo-

Physiotherapy, exercise, and treadmill

Nutritional interventions

Exercise is shown to improve muscle mass and counteract dis-

use atrophy in SCI [32]. Exercise also was shown to reduce the expression of Myostatin. This latter plays a limiting role in growth,
repair, and regeneration of differentiated adult muscle by inhibiting satellite cell activation [33].

Functional electrical stimulation
Functional Electrical Stimulation (FES) entails a coordinated

voluntary upper body exercise combined with electrical stimulation of the leg large muscle groups to produce a near-full-body

exercise. In one study done by Lambach., et al. it was found that

regular participation in an FES rowing program provided sufficient

power to reduce or reverse expected bone loss at the distal femur
and tibia in SCI [34].

Epidural electrical stimulation
Epidural Electrical Stimulation (EES) is a novel technique that

brought a significant hope for motor recovery in SCI [35]. EES consists of implanting a pulse generator that delivers trains of selective

stimulation to the lumbosacral spinal cord with timing that coincided with the intended movement [36].

rosis treatment [39].

As is known, amino acids contained in diet loaded with protein

is needed for the synthesis of muscle protein. The same applies in

sarcopenia. Unfortunately, in reviewing the research data there is a
lack of conventional recommendation in SCI.

In one study, addition of whey protein vs. a control diet for 12

weeks along with a 30 min home-based resistance exercise via a

physical therapist showed a significant increase in gait speed, grip
strength, and time to complete chair stands [40].

In SCI, a study showed that women with paraplegia maintained

lower caloric and fat intakes, fewer key nutrients falling outside
recommended guidelines, and less overweight or obesity. Tetraple-

gia patients were found to take more calories and had higher basal

metabolic rate (BMI), and the majority of the population was over-

weight or obese. The study recommended nutritional counseling
in SCI patients [41].

In reviewing data, many studies emphasized on improving the

mean total energy, the fiber intake, supplementation of vitamins A,

B5, B7, B9, D, E, potassium, and calcium that were all deficient in

many SCI patients. However, protein and carbohydrate intake and
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vitamins B1, B2, B3, B12, C, K, sodium, phosphorus, copper, and

zinc exceeded the USDA recommendation. But the fat intake, vitamin B6, iron, and magnesium were within limits [42].

Like any other clinical complex situation, it is imperative to con-

sider a multidisciplinary nutritional approach for addressing sarcopenia in SCI [23].

Conclusion

Sarcopenia is more than one entity. It is a syndrome. Addressing

one issue at a time in SCI patients may prove counter-intuitive. A
better understanding of this syndrome will shed more light on its
biochemical aspects. This in turn will broaden our horizons to con-

sider more modern and encompassing therapies, such as regenerative therapies, transcription control it relates to RNA molecules,
bone-muscle cross-talk, and tailored exercise therapy.
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