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Οsteosarcopenia 
A brief overview of the disease of the future

Osteosarcopenia is a newly reported syndrome that describes the co-existence 

of osteoporosis and sarcopenia. Osteosarcopenia causes an increase in mor-

bidity and mortality, and reduces the quality of life, but it is expected to incur 

billions in annual health care costs over the coming decades. Its etiology is 

multi-factorial, with a combination of genetic, mechanical, biochemical, and 

lifestyle factors. Clinicians should screen for osteosarcopenia using imaging 

methods (e.g., dual‐energy X‐ray absorptiometry) to quantify muscle and 

bone mass, and assess muscle strength (e.g., grip strength) and functionality 

(e.g., gait speed). Lifestyle changes, exercise and nutritional interventions, 

such as protein supplementation, vitamin D and dietary intake of calcium, 

have beneficial effects in the prevention and treatment of osteoporosis and 

sarcopenia. Future studies are needed in order to design treatment guidelines 

for patients with osteosarcopenia.
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1. INTRODUCTION

As the world’s population ages, the prevalence of chronic 

diseases increases.1 Musculoskeletal diseases represent a 

significant health burden in older persons and a major 

cost to health systems worldwide. Osteoporosis and sar-

copenia are two of the most prevalent chronic diseases in 

older people, with the conditions sharing overlapping risk 

factors and pathogenesis.2 Together, these two diseases 

form a geriatric syndrome known as osteosarcopenia. Both 

osteoporosis and sarcopenia constitute a high risk for falls, 

fractures, and further functional decline.3 

The term osteosarcopenia was first coined by Duque 

and colleagues to describe a condition in a subset of older 

persons.1,2 It is suggested that when individuals experience 

a concurrent loss of bone mineral density and muscle 

strength, mass, and function, this should be interpreted as a 

single diagnosis of osteosarcopenia, which may be prevent-

able and treatable.1 Osteosarcopenia may occur in 5–37% of 

community-dwelling adults over the age of 65 years.4,5 This 

wide range is driven by variations in population, setting, 

and the definitions applied.4 Osteosarcopenia is associated 

with significantly increased mortality. One recent study 

of 324 elderly Korean patients with hip fracture showed 

a 1-year mortality rate of 15.1% in the osteosarcopenic 

patients, higher than that of patients with osteoporosis 

(5.1%) or sarcopenia (10.3%) alone.5,6

Osteosarcopenia continues to be a topic of controversy 

as researchers worldwide seek to elucidate whether os-

teosarcopenia is associated with greater risk of negative 

outcomes than its component parts.4 Individuals with 

osteoporosis and sarcopenia often remain underdetected 

and undertreated.1 The absence of a consensus opera-

tional definition of sarcopenia, and inaccurate measures of 

muscle mass, have hampered global progress in the field.4 

Understanding its pathophysiology and diagnosis, and its 

non-pharmacological and pharmacological management 

are tasks of great importance.7 The aim of this review was 
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to summarize the latest developments in osteosarcopenia.

2. DIAGNOSIS

2.1. Osteoporosis 

Osteoporosis is defined as a “systemic skeletal disease 

characterized by low bone mass and micro-architectural 

deterioration of bone tissue, with a consequent increase 

in bone fragility and susceptibility to fracture”.1,8 The World 

Health Organization (WHO) developed specific criteria to 

define osteoporosis in postmenopausal women, based on 

bone mineral density (BMD).9 In general, most organiza-

tions recommend that all adults aged older than 50 years 

with a history of fracture undergo BMD screening.10 The 

gold standard for diagnosing osteoporosis utilizes BMD 

measurements, especially in the hip and lumbar spine, 

with the dual-energy X-ray absorptiometry (DXA) device, or 

the occurrence of non-traumatic hip or vertebral fractures 

(tab. 1).10,11 The widespread clinical use of DXA, particularly 

applied at the proximal femur and lumbar spine, is based 

on the many prospective studies that have documented a 

strong gradient of risk for fracture prediction.12

In 2008, the University of Sheffield released a model as 

a fracture prediction tool, the FRAX® tool.13 The FRAX tool is 

used for assessing fracture risk, assisting clinicians to better 

target individuals for intervention. It can incorporate up to 

6 clinical risk factors, any variation in body mass index (BMI), 

and include or exclude BMD at the femoral neck, entered 

as either a T-score or a Z-score. FRAX is freely accessible at 

http://www.shef.ac.uk/FRAX14 with models currently avail-

able for 62 countries (68 models) and in 33 languages.10,12

2.2. Sarcopenia

Sarcopenia is a progressive and generalized muscle 

disease (muscle failure) with an ICD-10-MC diagnosis code 

that can be used to bill for care in some countries.15–17

In 2009, the European Working Group on Sarcopenia 

in Older People (EWGSOP) was the first to develop an 

operational definition of sarcopenia,18 with other working 

groups providing their own definitions since.19–21 In 2018, 

EWGSOP2 updated its definition and diagnostic strategies, 

using low muscle strength as the primary parameter of 

sarcopenia. Specifically, sarcopenia is probable when low 

muscle strength is detected, and the diagnosis is confirmed 

by the presence of low muscle quantity or quality. 

A wide variety of tests and tools is available for measur-

ing sarcopenia parameters in practice and in research (tab. 

2).15,22,23 For muscle mass assessment, DXA is currently the 

modality of choice.5,24–26 Bioimpedance analysis (BIA) is a 

simple, portable and safe technique and it is useful in im-

mobile, bedridden patients. The most common measure for 

muscle strength is the hand grip hydraulic dynamometer. 

Finally, the most reliable measure of muscle performance 

in clinical practice is gait speed, with EWGSOP advising a 

cut-off for sarcopenia of ≤0.8 m/s.15,18,26

Cut-off points for muscle mass, muscle strength and 

physical performance depend on the measurement tech-

nique, and on the availability of reference studies and 

populations. According to EWGSOP2, probable sarcopenia 

is defined in patients with reduced hand grip strength 

(women <16 kg; men <27 kg). The diagnosis of sarcope-

nia is confirmed by the presence of a low muscle skeletal 

muscle index (women <5.5 kg/m2; men <7.0 kg/m2). When 

low muscle strength, low muscle quantity/quality and 

low physical performance are all detected, sarcopenia is 

considered severe.15

Table 2. Assessment tools for measuring parameters of sarcopenia.

Parameter Tools

Muscle strength Hang Grip dynamometer, sit to stand test

Muscle mass DXA, MRI, CT, BIA, ultrasound 

Physical performance Gait speed, 400 cm test, TUG, SPPB 

MRI: Magnetic resonance imaging, CT: Computed tomography, DXA: Dual-energy 
X-ray absorptiometry, BIA: Bioelectrical impedance analysis, SPPB: Short physical 
performance battery, TUG: Timed-up and go test

Table 1. Descriptive characteristics of bone mass using dual-energy X-ray absorptiometry (DXA).

Bone mass Descriptive characteristics

Normal BMD higher than 1 SD below the young adult female reference mean (T-score greater than or equal to -1 SD)

Osteopenia – low bone mass BMD more than 1 SD below the young female adult mean, but less than 2.5 SD below this value (T-score less 
than -1 and greater than -2.5 SD)

Osteoporosis BMD that is 2.5 SD or more below the young female adult mean (T-score less than or equal to -2.5 SD)

Severe osteoporosis  
(established osteoporosis)

BMD that is 2.5 SD or more below the young female adult mean (T-score ≤-2.5) plus one or more fragility 
fractures

BMD: Bone mineral density



754 M. TSEKOURA et al

In addition, EWGSOP2 recommends the use of the 

SARC-F questionnaire in order to identify individuals at 

risk for sarcopenia.15 The SARC-F is a questionnaire that is 

self-reported by patients as a screen for sarcopenia risk.27 

It includes five items based on the cardinal features or con-

sequences of sarcopenia: Strength, assistance in walking, 

rising from a chair, climbing stairs, and falls.28

3. PATHOPHYSIOLOGY

Many factors can explain the pathophysiology of os-

teosarcopenia.29 Evidence suggests that the pathophysiol-

ogy of osteosarcopenia includes genetic polymorphisms, 

reduced mechanical loading, and impaired endocrine 

functioning, as well as altered crosstalk between muscle, 

bone, and fat cells.30

In skeletal tissues, muscle and bone interact mechani-

cally and functionally.31 Bone and muscle are strongly in-

tegrated organs with shared critical functions in structure, 

strength, and motion.32,33 The mechanism of concomitant 

bone and muscle loss with aging is not clear at present. 

Muscle mass decline with aging appears to occur before 

bone mass decline with aging.31 In addition, between skel-

etal muscle and bone, a complex interplay of mechanical, 

endocrine, and paracrine signals coordinates their mass 

and function throughout life.29

The mechanical relationship between skeletal muscle 

and bone has been simplified to muscle contractions serv-

ing to load, and bones acting as attachment sites.32 The 

traditional view of the prominent mechanical interactions 

between muscle and bone is emphasized by the “mechano-

stat” hypothesis.26 This theory states that muscle imposes 

mechanical forces on bone, with a certain threshold dic-

tating whether bone is formed or resorbed.34 Several lines 

of evidence have shown that low magnitude mechanical 

signals are anabolic to bone and muscle.31,34,35 

Since both bone and muscle cells are derived from mes-

enchymal stem cells, similar genetic factors are considered 

to influence bone and muscle. Osteoporosis and sarcope-

nia may be affected by genetic polymorphisms of several 

genes, including androgen receptor, estrogen receptor, 

catechol-O-methyltransferase, insulin-like growth factor-1 

(IGF-1), vitamin D receptor and low-density-lipoprotein 

receptor-related protein.31

Other possible causal factors of osteosarcopenia are 

related to endocrine metabolism abnormality, including 

those involved in diabetes mellitus (DM) and vitamin D 

metabolism.32 Vitamin D, the growth hormone (GH)/IGF-1 

axis and testosterone are the most important hormones 

that affect both muscle and bone metabolism. Muscle and 

bone also secrete certain factors, known as myokines and 

osteokines, respectively, which aid the communication 

between muscle and bone. Severe vitamin D deficiency 

leads to osteomalacia and muscle weakness due to type 

II muscle fiber atrophy.29 Vitamin D deficiency is common 

in the elderly and causes increased risk of falls, sarcopenia 

and osteoporosis.29,30

GH and IGF-1 induce muscle hypertrophy, bone devel-

opment and the preservation of bone mass. GH deficiency 

causes reduction in muscle and bone mass and an increase 

in fat mass.31

4. TREATMENT

The treatment for osteosarcopenia includes pharmaco-

logical and non-pharmacological interventions.

4.1. Non-pharmacological interventions 

Non-pharmacological management of osteoporosis 

includes adequate intake of calcium, vitamin D and protein, 

weight-bearing exercise, smoking cessation, limitation of 

alcohol/caffeine consumption, and fall-prevention tech-

niques.10,36–39

The effects of exercise in improving muscle and skeletal 

system have been well documented.39–41 Several randomized 

controlled trials (RCTs) have demonstrated the efficacy of 

progressive resistance exercise to stimulate osteoblastogen-

esis and muscle protein synthesis, leading to improvement 

in bone microarchitecture, muscle mass, strength, and 

functional capacity in elderly persons with osteoporosis 

and sarcopenia.30,42–45 Exercise affects the structure of the 

body by three mechanisms: (a) Direct impact on the bone 

transmitted by biological receptors to biological signals; 

(b) indirect effects, by improving muscle mass and strength 

that stimulate the mechanical secondary receptors; (c) al-

teration of the levels of hormones (calciotropic hormone, 

leptin, etc.) and environmental factors.46 

The most appropriate type, intensity, duration, and 

frequency of exercise required to influence osteosarcopenia 

is not known,38 but resistance training has a positive effect 

on bone by improving BMD47 and on sarcopenia by a direct 

effect on the muscle.38,48,49 Resistance training may reduce 

fat mass and improve BMD.50 The optimal approach for 

osteosarcopenia may be targeted multi-modal programs 

that incorporate traditional and high-velocity progressive 

resistance training (PRT), weight-bearing impact exercises 

and challenging balance/mobility activities.42
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Η οστεοσαρκοπενία είναι ένα νέο σύνδρομο, το οποίο περιγράφει τη συνύπαρξη της οστεοπόρωσης και της σαρκο-

πενίας. Η οστεοσαρκοπενία προκαλεί ανικανότητα, αυξημένη θνησιμότητα, μειωμένη ποιότητα ζωής και αναμένε-

ται να δημιουργήσει τεράστιο οικονομικό κόστος στις υπηρεσίες υγείας, τις επόμενες δεκαετίες. Η αιτιολογία είναι 

πολυπαραγοντική, περιλαμβάνοντας παράγοντες γενετικούς, μηχανικούς και σχετιζόμενους με τους τρόπους ζωής. 

Vitamin D is a fat-soluble vitamin that plays a most 

important role in calcium and bone metabolism.33 Vitamin 

D acts as a mediator in the cross-talk between muscle and 

bone by affecting myokines such as myostatin, vascular 

endothelial growth factor (VEGF), IGF-1 and osteoglycin, and 

osteokines, including sclerostin, osteocalcin and fibroblast 

growth factor-23 (FGF-23), which have a positive effect on 

bone and muscle, respectively.38 The association of vitamin 

D with osteosarcopenia has not yet been evaluated in a 

single interventional study, but its therapeutic benefit can 

be inferred from studies on osteopenia and sarcopenia. 

Future observational and interventional studies are needed 

to confirm the exact role of vitamin D in the pathophysiol-

ogy and treatment of osteosarcopenia.

Calcium could also have a role in treatment of osteosarco-

penia.38 It is well-documented as an important bone mineral, 

and its importance in muscle function is suggested by its 

role in calcium-induced muscle contraction and calcium-

induced calcium release from the sarcoplasmic reticulum.38,50

Given the association between protein and bone and 

muscle strength, protein supplements are proposed in 

patients with osteosarcopenia.38 RCTs examining the effect 

of protein supplementation (above the recommended 

daily amount 0.8 g/kg/day), in conjunction with resistance 

exercise intervention, have demonstrated augmentation 

in muscle and bone mass, muscle strength, balance, and 

functional capacity.43,50,51 The recommended dietary intake 

of protein is 0.8 grams per kg of body weight per day (g/kg/

day) for healthy populations, irrespective of age or sex.52

Another novel therapeutic target is the prevention of fat 

infiltration, which is a common feature observed in osteopo-

rosis and sarcopenia.38 A decrease in marrow and intrafiber 

fat in bone and muscle, respectively, would be expected to 

have a beneficial effect on their mass and function.53

4.2.  Pharmacological intervention

The treatment of osteosarcopenia with pharmacological 

agents is a new area of investigation. Although the benefits 

of anti-osteoporosis medications are well established in 

older adults with osteoporosis, appropriate medication 

for sarcopenia is under development and not available to 

patients.53,54 No agents for treatment of sarcopenia have 

yet been approved by any food and drug administration, 

which may reflect the novelty of sarcopenia.38

Pharmacological treatment for osteoporosis, including 

bisphosphonates (alendronate, risedronate and zoledronic 

acid), RANKL antagonists (denosumab) and bone anabol-

ics (teriparatide), have shown their efficacy in improving 

bone density.10 The therapeutic effects of some compounds 

on osteoporosis may have an effect on muscle and bone 

mass and, therefore, could be useful in the treatment of 

osteosarcopenia. Denosumb, testosterone, GH and an-

timyostatin bodies may also be useful for patients with 

osteosarcopenia. Future research should be directed toward 

pharmacological agents, investigating their effects on both 

muscles and bones.38

5. CONCLUSIONS

Osteosarcopenia, the presence of osteopenia/osteo-

porosis and sarcopenia, is an emerging geriatric giant, 

which poses a serious global health burden.30 Treat-

ment approaches include exercise, improved nutrition 

and pharmacotherapy. Collaboration among health au-

thorities, clinicians and researchers will bring progress 

in understanding the pathophysiology, and in devising 

therapeutic interventions for osteosarcopenia. Future high 

quality studies are required, to bring benefits to millions 

of patients worldwide. 



756 M. TSEKOURA et al

References

1. HIRSCHFELD HP, KINSELLA R, DUQUE G. Osteosarcopenia: Where 

bone, muscle, and fat collide. Osteoporos Int 2017, 28:2781–

2790

2. KIRK B, AL SAEDI A, DUQUE G. Osteosarcopenia: A case of gerosci-

ence. Aging Med (Milton) 2019, 2:147–156

3. DREY M, SIEBER CC, BERTSCH T, BAUER JM, SCHMINDMAIER R; FiAT IN-

TERVENTION GROUP. Osteosarcopenia is more than sarcopenia 

and osteopenia alone. Aging Clin Exp Res 2016, 28:895–899

4. ZANKER J, DUQUE G. Osteosarcopenia: The path beyond contro-

versy. Cur Osteoporos Rep 2020, 18:81–84

5. PAINTIN J, COOPER C, DENNISON E. Osteosarcopenia. Br J Hosp 

Med (Lond) 2018, 79:253–258

6. YOO JI, KIM H, HA YC, KWON HB, KOO KH. Osteosarcopenia in pa-

tients with hip fracture is related with high mortality. J Kore-

an Med Sci 2018, 33:e27

7. CEDENO-VELOZ B, LÓPEZ-DÓRIGA BONNARDEUXA P, DUQUE G. Os-

teosarcopenia: Una revisión narrativa [Osteosarcopenia: A 

narrative review]. Rev Esp Geriatr Gerontol 2019, 54:103–108

8. ANONYMOUS. Consensus development conference: diagno-

sis, prophylaxis, and treatment of osteoporosis. Am J Med 

1993, 94:646–650

9. ANONYMOUS. Assessment of fracture risk and its application to 

screening for postmenopausal osteoporosis. Report of a WHO 

Study Group. World Health Organ Tech Rep Ser 1994, 843:1–129

10. TU KN, LIE JD, WAN CKV, CAMERON M, AUSTEL AG, NGUYEN JK ET 

AL. Osteoporosis: A review of treatment options. P T 2018, 

43:92–104

11. ANONYMOUS. Management of osteoporosis in postmenopau-

sal women: 2010 position statement of The North American 

Menopause Society. Menopause 2010, 17:25–54

12. WORD HEALTH ORGANIZATION. Assessment of osteoporosis at 

the primary health care level. WHO, Geneva, 2002

13. FORD N, NORRIS SL, HILL SR. Clarifying WHO’s position on the 

FRAX® tool for fracture prediction. Bull World Health Organ 

2016, 94:862

14. UNIVERSITY OF SHEFFIELD. Fracture risk assessment tool (FRAX®). 

Available at: http//www.sheffield.ac.uk/FRAX

15. CRUZ-JENTOFT AJ, BAHAT G, BAUER J, BOIRIE Y, BRUYÈRE O, CEDER-

HOLM T ET AL. Sarcopenia: Revised European consensus on 

definition and diagnosis. Age Ageing 2019, 48:16–31

16. VELLAS B, FIELDING RA, BENS C, BERNABEI R, CAWTHON PM, CEDER-

HOLM T ET AL. Implications of ICD-10 for sarcopenia clinical 

practice and clinical trials: Report by the International Con-

ference on Frailty and Sarcopenia Research Task Force. J Frail-

ty Aging 2018, 7:2–9

17. ANKER SD, MORLEY JE, VON HAEHLING S. Welcome to the ICD-

10 code for sarcopenia. J Cachexia Sarcopenia Muscle 2016, 

7:512–514

18. CRUZ-JENTOFT AJ, BAEYENS JP, BAUER JM, BOIRIE Y, CEDERHOLM T, 

LANDI F ET AL. European Working Group on Sarcopenia in Old-

er People. Sarcopenia: European consensus on definition and 

diagnosis: Report of the European Working Group on Sarco-

penia in Older People. Age Ageing 2010, 39:412–423

19. FIELDING RA, VELLAS B, EVANS WJ, BHASIN S, MORLEY JE, NEWMAN AB 

ET AL. Sarcopenia: An undiagnosed condition in older adults. 

Current consensus definition: Prevalence, etiology, and con-

sequences. International working group on sarcopenia. J Am 

Med Dir Assoc 2011, 12:249–256

20. CHEN LK, LIU LK, WOO J, ASSANTACHAI P, AUYEUNG TW, BAHYAH KS 

ET AL. Sarcopenia in Asia: Consensus report of the Asian Work-

ing Group for Sarcopenia. J Am Med Dir Assoc 2014, 15:95–101

21. STUDENSKI SA, PETERS KW, ALLEY DE, CAWTHON PM, McLEAN RR, 

HARRIS TB ET AL. The FNIH sarcopenia project: Rationale, study 

description, conference recommendations, and final estimates. 

J Gerontol A Biol Sci Med Sci 2014, 69:547–558

22. REGINSTER JY, COOPER C, RIZZOLI R, KANIS JA, APPELBOOM G, BAUT-

MANS I ET AL. Recommendations for the conduct of clinical 

trials for drugs to treat or prevent sarcopenia. Aging Clin Exp 

Res 2016, 28:47–58

23. MIJNARENDS DM, MEIJERS JMM, HALFENS RJG, TER BORG S, LUIKING 

YC, VERLAAN S ET AL. Validity and reliability of tools to measure 

muscle mass, strength, and physical performance in commu-

nity-dwelling older people: A systematic review. J Am Med Dir 

Assoc 2013, 14:170–178

24. BINKLEY N, BUEHRING B. Beyond FRAX: It’s time to consider “sar-

co-osteopenia”. J Clin Densitom 2009, 12:413–416

25. TSEKOURA M, BILLIS E, GLIATIS J, MATZAROGLOU C, KOUTSOGIANNIS 

C, TSEPIS E ET AL. Assessment of muscle mass in the elderly in 

clinical practice. Arch Hellen Med 2017, 34:745–753

26. BUCKINX F, LANDI F, CESARI M, FIELDING RA, VISSER M, ENGELKE K 

ET AL. Pitfalls in the measurement of muscle mass: A need 

for a reference standard. J Cachexia Sarcopenia Muscle 2018, 

9:269–278

27. MALMSTROM TK, MILLER DK, SIMONSICK EM, FERRUCCI L, MORLEY 

JE. SARC-F: A symptom score to predict persons with sarco-

penia at risk for poor functional outcomes. J Cachexia Sarco-

Οι ιατροί πρέπει να αξιολογούν την οστεοσαρκοπενία με απεικονιστικά μέσα (π.χ. με απορροφησιομετρία ακτίνων 

Χ διπλής ενέργειας) για την ποσοτικοποίηση της μυϊκής και της οστικής μάζας, αλλά πρέπει επίσης να αξιολογούν τη 

μυϊκή δύναμη (π.χ. με δυναμόμετρο λαβής) και τη λειτουργικότητα (π.χ. με ταχύτητα βάδισης). Οι αλλαγές στον τρό-

πο ζωής, η άσκηση και οι διατροφικές παρεμβάσεις έχουν θεραπευτικά οφέλη στην πρόληψη και στη θεραπεία της 

οστεοπόρωσης και της σαρκοπενίας. Μελλοντικές μελέτες απαιτούνται για τη σχεδίαση κατευθυντήριων θεραπευ-

τικών οδηγιών για τους ασθενείς με οστεοσαρκοπενία.

Λέξεις ευρετηρίου: Θεραπεία, Οστεοπόρωση, Οστεοσαρκοπενία, Πρόληψη, Σαρκοπενία 



OSTEOSARCOPENIA 757

...................................................................................................................................................

penia Muscle 2016, 7:28–36

28. MALMSTROM TK, MORLEY JE. SARC-F: A simple questionnaire 

to rapidly diagnose sarcopenia. J Am Med Dir Assoc 2013, 

14:531–532

29. GIRGIS CM, MOKBEL N, DIGIROLAMO DJ. Therapies for musculo-

skeletal disease: Can we treat two birds with one stone? Curr 

Osteoporos Rep 2014, 12:142–153

30. KIRK B, MOONEY K, COUSINS R, ANGELL P, JACKSON M, PUGH JN ET 

AL. Effects of exercise and whey protein on muscle mass, fat 

mass, myoelectrical muscle fatigue and health-related qual-

ity of life in older adults: A secondary analysis of the Liver-

pool Hoe University-Sarcopenia Ageing Trial (LHU-SAT). Eur 

J Appl Physiol 2020, 120:493–503

31. KAJI H. Interaction between muscle and bone. J Bone Metab 

2014, 21:29–40

32. YOO JI, HA YC. Review of epidemiology, diagnosis, and treat-

ment of osteosarcopenia in Korea. J Bone Metab 2018, 25:1–7

33. BRUYÈRE O, CAVALIER E, REGINSTER JY. Vitamin D and osteosar-

copenia: An update from epidemiological studies. Curr Opin 

Clin Nutr Metab Care 2017, 20:498–503

34. FROST HM. Bone’s mechanostat: A 2003 update. Anat Rec A 

Discov Mol Cell Evol Biol 2003, 275:1081–1101

35. COLNOT C, ZHANG X, KNOTHE TATE ML. Current insights on the 

regenerative potential of the periosteum: Molecular, cellu-

lar, and endogenous engineering approaches. J Orthop Res 

2012, 30:1869–1878

36. EVANS SF, PARENT JB, LASKO CE, ZHEN X, KNOTHE UR, LEMAIRE T ET 

AL. Periosteum, bone’s “smart” bounding membrane, exhib-

its direction-dependent permeability. J Bone Miner Res 2013, 

28:608–617

37. DAS S, CROCKET JC. Osteoporosis – a current view of phar-

macological prevention and treatment. Drug Des Devel Ther 

2013, 7:435–448

38. TOSTESON ANA, BURGE RT, MARSHALL DA, LINDSAY R. Therapies 

for treatment of osteoporosis in US women: Cost-effective-

ness and budget impact considerations. Am J Manag Care 

2008, 14:605–615

39. FATIMA M, BRENNAN-OLSEN SL, DUQUE G. Therapeutic approach-

es to osteosarcopenia: Insights for the clinician. Ther Adv Mus-

culoskelet Dis 2019, 11:1759720X19867009

40. PILI FG, DUTTO F, D’AMELIO P. Osteosarcopenia: A geriatric syn-

drome. EC Orthopaedics 2018, 741–754

41. KORPELAINEN R, KEINÄNEN-KIUKAANNIEMI S, HEIKKINEN J, VÄÄNÄNEN 

K, KORPELAINEN J. Effect of impact exercise on bone mineral 

density in elderly women with low BMD: A population-based 

randomized controlled 30-month intervention. Osteoporos 

Int 2006, 17:109–118

42. MARTYN-ST JAMES M, CARROLL S. Meta-analysis of walking for 

preservation of bone mineral density in postmenopausal 

women. Bone 2008, 43:521–531

43. DALY RM, GIANOUDIS J, KERSH ME, BAILEY CA, EBELING PR, KRUG R ET 

AL. Effects of a 12-month supervised, community-based, mul-

timodal exercise program followed by a 6-month research-

to-practice transition on bone mineral density, trabecular 

microarchitecture, and physical function in older adults: A 

randomized controlled trial. J Bone Miner Res 2020, 35:419–429

44. KIRK B, MOONEY K, AMIRABDOLLAHIAN F, KHAIYAT O. Exercise and 

dietary-protein as a countermeasure to skeletal muscle weak-

ness: Liverpool Hope University-Sarcopenia Aging Trial (LHU-

SAT). Front Physiol 2019, 10:445

45. TSEKOURA M, BILLIS E, TSEPIS E, DIMITRIADIS Z, MATZAROGLOU C, 

TYLLIANAKIS M ET AL. The effects of group and home-based 

exercise programs in elderly with sarcopenia: A randomized 

controlled trial. J Clin Med 2018, 7:480

46. ARAZI H, EGHBALI E. Osteosarcopenia and physical activity. Ann 

Sports Med Res 2018, 5:1130

47. XU J, LOMBARDI G, JIAO W, BANFI G. Effects of exercise on bone 

status in female subjects, from young girls to postmenopau-

sal women: An overview of systematic reviews and meta-anal-

yses. Sports Med 2016, 46:1165–1182

48. LIU CJ, LATHAM NK. Progressive resistance strength training for 

improving physical function in older adults. Cochrane Data-

base Syst Rev 2009, 2009:CD002759

49. MARQUES EA, MOTA J, CARVALHO J. Exercise effects on bone min-

eral density in older adults: A meta-analysis of randomized 

controlled trials. Age (Dordr) 2012, 34:1493–1515

50. ENDO M. Calcium-induced calcium release in skeletal muscle. 

Physiol Rev 2009, 89:1153–1176

51. MORTON RW, MURPHY KT, McKELLAR SR, SCHOENFELD BJ, 

HENSELMANS M, HELMS E ET AL. A systematic review, meta-analy-

sis and meta-regression of the effect of protein supplementa-

tion on resistance training-induced gains in muscle mass and 

strength in healthy adults. Br J Sports Med 2018, 52:376–384

52. JOINT WHO/FAO/UNU EXPERT CONSULTATION. Protein and ami-

no acid requirements in human nutrition. World Health Or-

gan Tech Rep Ser 2007, 935:1–265

53. BERMEO S, GUNARATNAM K, DUQUE G. Fat and bone interactions. 

Curr Osteoporos Rep 2014, 12:235–242

54. HASSAN EB, DUQUE G. Osteosarcopenia: A new geriatric syn-

drome. Aust Fam Physician 2017, 46:849–853

Corresponding author: 

  M. Tsekoura, 6 Psaron street, 251 00 Aigio, Greece

  e-mail:  mariatsekoura@hotmail.com;  

mariatsekour@upatras.gr


