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Spinal sarcopenia is a complex and multifactorial disorder associated with loss of strength, increased frailty, and

increased risk of fractures and falls. In addition, spinal sarcopenia has been associated with lumbar spine disorders and

osteoporosis, which renders making decisions on treatment modalities difficult. Patients with spinal sarcopenia typically

exhibit lower cumulative survival, a higher risk of in-hospital complications, prolonged hospital stays, higher

postoperative  costs, and higher rates of blood transfusion after thoracolumbar spine surgery. Several studies have

focused on the relationships between spinal sarcopenia, appendicular muscle mass, and bone-related problems—such as

osteoporotic fractures and low bone mineral density—and malnutrition and vitamin D deficiency. Although several

techniques are available for measuring sarcopenia, each of them has its advantages and shortcomings. For treating

spinal sarcopenia, nutrition, physical therapy, and medication have been proven to be effective; regenerative therapeutic

options seem to be promising owing to their repair and regeneration potential. Therefore, in this narrative review,  we

summarize the characteristics, detection methodologies, and treatment options for spinal sarcopenia, as well as its role in

spinal disorders.
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1. Introduction

Spinal sarcopenia—the loss of skeletal muscle mass and function—is of crucial concern, owing to its high rate of adverse

outcomes among older adults . Skeletal muscle strength declines by 40 years in both sexes . Muscle power declines

approximately 10% more than muscle strength in men, whereas no significant differences are observed in women . In

some articles, it has been reported that handgrip strength declines faster in older women compared with older men . A

study from Korea revealed that in addition to advanced age, crucial factors associated with sarcopenia in all age groups

were physical activity, blood pressure, waist circumference, triglyceride and vitamin D levels . Notably, overall energy

intake was related to sarcopenia among young adults, whereas fasting glucose, suicidal ideation, and sex were factors

related to sarcopenia among the elderly. In addition, Brzeszczyńska J. et al. found that increased cellular stress, with

impaired oxidative stress and misfolded protein response, were associated with the development of sarcopenia based on

the in vitro system of myogenesis .

Notably, the prevalence of spinal sarcopenia varies in different regions worldwide . For one systemic review, a

meta-analysis was conducted, and the overall prevalence was estimated to be 10% (95%, confidence interval (CI): 8–

12%) in men and 10% in women (95%, CI: 8–13%) . Moreover, the results demonstrated that the prevalence was

higher among non-Asian individuals than in Asian individuals of both sexes . Other studies have indicated that

estimates of sarcopenia prevalence vary widely because of the definitions used (e.g., those of the European Working

Group on Sarcopenia, the Asian Working Group on Sarcopenia, the International Working Group on Sarcopenia) and

appendicular lean mass or weight definitions . Sarcopenia is often associated with various pathologic conditions, such

as Alzheimer’s disease and rheumatoid arthritis in women, both of which increase the need for institutional care as well as

the mortality rate of hospitalized older adults . A cohort study for estimating mortality risk revealed that

muscle strength is a better marker of muscle quality than muscle quantity, and grip strength provides risk estimates similar

to those of quadricep strength . Furthermore, researchers from several studies have recognized sarcopenia as an

independent predictor of overall survival among patients undergoing surgeries such as radical cystectomy for bladder

cancer and the resection of pancreatic adenocarcinoma .

While the pathophysiology of spinal sarcopenia is complex, several studies have discussed the mechanism which leads to

skeletal muscle atrophy, including insulin resistance, myostatin activation, mitochondrial function, and glucocorticoid

response . Regarding the relationship between sarcopenia and obesity, elevated insulin resistance—which

results in obesity and metabolic syndrome—was found in patients with sarcopenia, probably because of their reduced

available insulin-response muscle . Besides this, increased fat mass accompanied with obesity provoked the production

of tumor necrosis factor-α, interleukin-6, and other adipokines which further promote insulin resistance and have a
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catabolic effect on muscle . In the end, a vicious cycle is created. Myostatin, which is growth differentiation factor 8, is

considered to be another contributor to sarcopenia-related obesity in the transforming growth factor-β superfamily. It is

found in abundance in skeletal muscle and less in adipose tissue as well as cardiac muscle . In the study performed

by Yarasheski KE et al., their results found that serum myostatin increased with aging, which suggested that human

serum myostatin might be a biomarker of age-related sarcopenia . The Baltimore Longitudinal Study suggested that

skeletal muscle ex vivo mitochondrial respiration parallels decline in vivo oxidative capacity, cardiorespiratory fitness, and

muscle strength . This finding was consistent with many human studies, which have shown that mitochondrial function

declines with age, perhaps due to the exaggerated apoptotic sensitivity found in the elderly that hence leads to age-

related sarcopenia . Glucocorticoids also provide an important influence on muscle atrophy. Glucocorticoid-

induced muscle atrophy is based on the activation of the ubiquitin proteasome and the lysosomal systems, which leads to

muscle proteolysis. In addition, these two systems were confirmed to be mediated by the increased expression of several

atrophy-related genes, such as FOXO and Atrogin-1 .

2. Development

Studies have demonstrated the role of sex in spinal sarcopenia . Sylvia Kirchengast et al. conducted a population-

based study to analyze gender differences in the prevalence of sarcopenia among elderly . The results showed that

sarcopenia was found more frequently among women in the youngest age group (<70 years), while the opposite was true

in the oldest age group (>80 years) . L. Tay et al. also demonstrated sex-specific pathophysiological mechanisms for

sarcopenia, which may be applied to clinical intervention in patients with sarcopenia in both sexes . The results showed

that malnutrition and higher triglyceride levels appear to be risk factors for sarcopenia in women and men, respectively

. On the other hand, therapies that block myostatin signaling may be relevant in male elderly patients, while the role of

IGF-1 agonists may hold greater promise in female elderly patients . Despite numerous studies having confirmed the

benefits of testosterone in treating sarcopenia, including increased muscle mass and grip strength, the potential risks

cannot be neglected . Risks of testosterone supplementing include sleep apnea, thrombotic complications, and

prostate cancer . Associated with a decline in estrogen levels, the menopause also leads to decreased muscle mass

and muscle strength .

In recent years, several original articles have discussed how spinal sarcopenia influences spinal parameters in individuals,

including cervical lordosis, thoracic kyphosis, and lumbar lordosis . Notably, these spinal changes often lead to

pathologic conditions such as degenerative scoliosis and compression fractures which are associated with poor quality of

life compared to their normal counterpart . However, only a few studies have examined spinal sarcopenia and its

pathogenesis comprehensively. 

Spinal alignment may be influenced by an imbalance between the extensor and flexor back muscles and provides an

objective measurement to evaluate the severity of spinal sarcopenia. Image detection methodologies have evidenced that

L3 is recognized as the most ideal site for CT-based sarcopenia measurements. Spinal sarcopenia patients usually have

inferior outcomes after different surgeries. Although nutrition supplementing, physical therapy, and medications have been

proven to be effective, regenerative therapeutic options seem to be promising owing to their repair and regeneration

potentials. Therefore, further research should focus on providing a clear understanding of the pathogenic mechanism of

spinal sarcopenia and its relationship with other spinal disorders to develop therapeutic modalities in conjunction with

surgical and regenerative approaches. 

References

1. E. Jeffrey Metter; Robin Conwit; Jordan Tobin; James L. Fozard; Age-associated loss of power and strength in the uppe
r extremities in women and men.. The Journals of Gerontology: Series A 1997, 52, B267-B276, 10.1093/gerona/52A.5.
B267.

2. Gordon L Klein; The effect of glucocorticoids on bone and muscle. Osteoporosis and Sarcopenia 2015, 1, 39-45, 10.10
16/j.afos.2015.07.008.

3. Alexandra McPherron; Ann M. Lawler; Se-Jin Lee; Regulation of skeletal muscle mass in mice by a new TGF-p superfa
mily member. Nature 1997, 387, 83-90, 10.1038/387083a0.

4. Eun-Jung Bae; Yun-Hee Kim; Factors Affecting Sarcopenia in Korean Adults by Age Groups. Osong Public Health and
Research Perspectives 2017, 8, 169-178, 10.24171/j.phrp.2017.8.3.03.

5. Kevin Yarasheski; Shalender Bhasin; I Sinha-Hikim; J Pak-Loduca; N F Gonzalez-Cadavid; Serum myostatin-immunor
eactive protein is increased in 60-92 year old women and men with muscle wasting.. The journal of nutrition, health & a

[26]

[27][28]

[29]

[30]

[31][32][33][34]

[35]

[36][37]

[25]

[25]

[24]

[24]

[24]

[38][39][40]

[41]

[42]

[43][44][45][46]

[33]



ging 2002, 6, 343–348, .

6. Marta Gonzalez-Freire; Paul Scalzo; Jarod D'agostino; Zenobia A. Moore; Alberto Diaz-Ruiz; Elisa Fabbri; Ariel Zane; B
rian Chen; Kevin G. Becker; Elin Lehrmann; et al. Skeletal muscle ex vivo mitochondrial respiration parallels decline in
vivo oxidative capacity, cardiorespiratory fitness, and muscle strength: The Baltimore Longitudinal Study of Aging. Agin
g Cell 2018, 17, e12725, 10.1111/acel.12725.

7. N. C. Htun; Kazuko Ishikawa-Takata; A. Kuroda; T. Tanaka; T. Kikutani; S. P. Obuchi; H. Hirano; K. Iijima; Screening for
malnutrition in community dwelling older Japanese: Preliminary development and evaluation of the Japanese Nutritiona
l Risk Screening Tool (NRST). The journal of nutrition, health & aging 2015, 20, 114-120, 10.1007/s12603-015-0555-3.

8. Roman Mayr; Michael Gierth; Florian Zeman; Marieke Reiffen; Philipp Seeger; Felix Wezel; Armin Pycha; Evi Comploj;
Matteo Bonatti; Manuel Ritter; et al. Sarcopenia as a comorbidity‐independent predictor of survival following radical cys
tectomy for bladder cancer. Journal of Cachexia, Sarcopenia and Muscle 2018, 9, 505-513, 10.1002/jcsm.12279.

9. Gilles Gouspillou; Nicolas Sgarioto; Sophia Kapchinsky; Fennigje Purves‐Smith; Brandon Norris; Charlotte H. Pion; Se
bastien Barbat‐Artigas; Francois Lemieux; Tanja Taivassalo; José A. Morais; et al. Increased sensitivity to mitochondrial
permeability transition and myonuclear translocation of endonuclease G in atrophied muscle of physically active older h
umans. The FASEB Journal 2013, 28, 1621-1633, 10.1096/fj.13-242750.

10. Ian Trounce; Edward Byrne; Sangkot Marzuki; DECLINE IN SKELETAL MUSCLE MITOCHONDRIAL RESPIRATORY
CHAIN FUNCTION: POSSIBLE FACTOR IN AGEING. The Lancet 1989, 333, 637-639, 10.1016/s0140-6736(89)92143
-0.

11. Michail Tonkonogi; Maria Fernström; Brandon Walsh; Li Li Ji; Olav Rooyackers; Folke Hammarqvist; Jan Wernerman;
Kent Sahlin; Reduced oxidative power but unchanged antioxidative capacity in skeletal muscle from aged humans. Pflü
gers Archiv - European Journal of Physiology 2003, 446, 261-269, 10.1007/s00424-003-1044-9.

12. So-Hyeon Hong; Kyung Mook Choi; Sarcopenic Obesity, Insulin Resistance, and Their Implications in Cardiovascular a
nd Metabolic Consequences. International Journal of Molecular Sciences 2020, 21, 494, 10.3390/ijms21020494.

13. Simiao Tian; Yang Xu; Fang Han; Prevalence of sarcopenia in the community-dwelling, elderly Chinese population: a s
ystematic review and meta-analysis. The Lancet 2017, 390, S35, 10.1016/s0140-6736(17)33173-2.

14. Gita Shafiee; AbbasAli Keshtkar; Akbar Soltani; Zeinab Ahadi; Bagher Larijani; Ramin Heshmat; Prevalence of sarcope
nia in the world: a systematic review and meta- analysis of general population studies. Journal of Diabetes & Metabolic
Disorders 2017, 16, 21, 10.1186/s40200-017-0302-x.

15. O. Schakman; S. Kalista; C. Barbe; A. Loumaye; J.P. Thissen; Glucocorticoid-induced skeletal muscle atrophy. The Inte
rnational Journal of Biochemistry & Cell Biology 2013, 45, 2163-2172, 10.1016/j.biocel.2013.05.036.

16. Laura Tay; Y. Y. Ding; Bernard Leung; N. H. Ismail; A. Yeo; S. Yew; K. S. Tay; C. H. Tan; M. S. Chong; Sex-specific diffe
rences in risk factors for sarcopenia amongst community-dwelling older adults. AGE 2015, 37, 121–121, 10.1007/s113
57-015-9860-3.

17. Sylvia Kirchengast; Johannes Huber; Gender and age differences in lean soft tissue mass and sarcopenia among healt
hy elderly. Anthropologischer Anzeiger 2009, 67, 139-151, 10.1127/0003-5548/2009/0018.

18. Peter J. Snyder; Helen Peachey; Peter Hannoush; Jesse A. Berlin; Louise Loh; David A. Lenrow; John H. Holmes; Abd
allah Dlewati; Jill Santanna; Clifford J. Rosen; et al. Effect of Testosterone Treatment on Body Composition and Muscle
Strength in Men Over 65 Years of Age1. The Journal of Clinical Endocrinology & Metabolism 1999, 84, 2647-2653, 10.
1210/jcem.84.8.5885.

19. Virat Bakhshi; Marjorie Elliott; Angela Gentili; Michael Godschalk; Thomas Mulligan; Testosterone improves rehabilitatio
n outcomes in ill older men.. Journal of the American Geriatrics Society 2000, 48, 550-553, 10.1111/j.1532-5415.2000.t
b05002.x.

20. Virginie Messier; Rémi Rabasa-Lhoret; Sébastien Barbat-Artigas; Belinda Elisha; Antony D. Karelis; Mylène Aubertin-L
eheudre; Menopause and sarcopenia: A potential role for sex hormones. Maturitas 2011, 68, 331-336, 10.1016/j.maturi
tas.2011.01.014.

21. Hiromitsu Toyoda; Masatoshi Hoshino; Shoichiro Ohyama; Hidetomi Terai; Akinobu Suzuki; Kentaro Yamada; Shinji Tak
ahashi; Kazunori Hayashi; Koji Tamai; Yusuke Hori; et al. The association of back muscle strength and sarcopenia-relat
ed parameters in the patients with spinal disorders. European Spine Journal 2018, 28, 241-249, 10.1007/s00586-018-5
858-8.

22. Yawara Eguchi; Munetaka Suzuki; Hajime Yamanaka; Hiroshi Tamai; Tatsuya Kobayashi; Sumihisa Orita; Kazuyo Yam
auchi; Miyako Suzuki; Kazuhide Inage; Kazuki Fujimoto; et al. Associations between sarcopenia and degenerative lum
bar scoliosis in older women.. Scoliosis and Spinal Disorders 2017, 12, 9, 10.1186/s13013-017-0116-0.



23. Akihiko Hiyama; Hiroyuki Katoh; Daisuke Sakai; Masato Sato; Masahiro Tanaka; Tadashi Nukaga; Masahiko Watanab
e; Correlation analysis of sagittal alignment and skeletal muscle mass in patients with spinal degenerative disease.. Sci
entific Reports 2018, 8, 15492-8, 10.1038/s41598-018-33867-0.

24. Yawara Eguchi; Toru Toyoguchi; Kazuhide Inage; Kazuki Fujimoto; Sumihisa Orita; Miyako Suzuki; Hirohito Kanamoto;
Koki Abe; Masaki Norimoto; Tomotaka Umimura; et al. Analysis of skeletal muscle mass in women over 40 with degene
rative lumbar scoliosis. European Spine Journal 2018, 28, 1618-1625, 10.1007/s00586-018-5845-0.

25. Michail Tonkonogi; Maria Fernström; Brandon Walsh; Li Li Ji; Olav Rooyackers; Folke Hammarqvist; Jan Wernerman;
Kent Sahlin; Reduced oxidative power but unchanged antioxidative capacity in skeletal muscle from aged humans. Pflü
gers Archiv - European Journal of Physiology 2003, 446, 261-269, 10.1007/s00424-003-1044-9.

26. O. Schakman; S. Kalista; C. Barbe; A. Loumaye; J.P. Thissen; Glucocorticoid-induced skeletal muscle atrophy. The Inte
rnational Journal of Biochemistry & Cell Biology 2013, 45, 2163-2172, 10.1016/j.biocel.2013.05.036.

27. Sylvia Kirchengast; Johannes Huber; Gender and age differences in lean soft tissue mass and sarcopenia among healt
hy elderly. Anthropologischer Anzeiger 2009, 67, 139-151, 10.1127/0003-5548/2009/0018.

28. Peter J. Snyder; Helen Peachey; Peter Hannoush; Jesse A. Berlin; Louise Loh; David A. Lenrow; John H. Holmes; Abd
allah Dlewati; Jill Santanna; Clifford J. Rosen; et al. Effect of Testosterone Treatment on Body Composition and Muscle
Strength in Men Over 65 Years of Age1. The Journal of Clinical Endocrinology & Metabolism 1999, 84, 2647-2653, 10.
1210/jcem.84.8.5885.

29. Arny A. Ferrando; Melinda Sheffield-Moore; Catherine W. Yeckel; Charles Gilkison; Jie Jiang; Alison Achacosa; Steven
A. Lieberman; Kevin Tipton; Robert R. Wolfe; Randall J. Urban; et al. Testosterone administration to older men improve
s muscle function: molecular and physiological mechanisms. American Journal of Physiology-Endocrinology and Metab
olism 2002, 282, E601-E607, 10.1152/ajpendo.00362.2001.

30. Virat Bakhshi; Marjorie Elliott; Angela Gentili; Michael Godschalk; Thomas Mulligan; Testosterone improves rehabilitatio
n outcomes in ill older men.. Journal of the American Geriatrics Society 2000, 48, 550-553, 10.1111/j.1532-5415.2000.t
b05002.x.

31. Shiyama Mudali; Adrian S Dobs; Effects of testosterone on body composition of the aging male. Mechanisms of Ageing
and Development 2004, 125, 297-304, 10.1016/j.mad.2004.01.004.

32. Virginie Messier; Rémi Rabasa-Lhoret; Sébastien Barbat-Artigas; Belinda Elisha; Antony D. Karelis; Mylène Aubertin-L
eheudre; Menopause and sarcopenia: A potential role for sex hormones. Maturitas 2011, 68, 331-336, 10.1016/j.maturi
tas.2011.01.014.

33. Hiromitsu Toyoda; Masatoshi Hoshino; Shoichiro Ohyama; Hidetomi Terai; Akinobu Suzuki; Kentaro Yamada; Shinji Tak
ahashi; Kazunori Hayashi; Koji Tamai; Yusuke Hori; et al. The association of back muscle strength and sarcopenia-relat
ed parameters in the patients with spinal disorders. European Spine Journal 2018, 28, 241-249, 10.1007/s00586-018-5
858-8.

34. Yawara Eguchi; Munetaka Suzuki; Hajime Yamanaka; Hiroshi Tamai; Tatsuya Kobayashi; Sumihisa Orita; Kazuyo Yam
auchi; Miyako Suzuki; Kazuhide Inage; Kazuki Fujimoto; et al. Associations between sarcopenia and degenerative lum
bar scoliosis in older women.. Scoliosis and Spinal Disorders 2017, 12, 9, 10.1186/s13013-017-0116-0.

35. Akihiko Hiyama; Hiroyuki Katoh; Daisuke Sakai; Masato Sato; Masahiro Tanaka; Tadashi Nukaga; Masahiko Watanab
e; Correlation analysis of sagittal alignment and skeletal muscle mass in patients with spinal degenerative disease.. Sci
entific Reports 2018, 8, 15492-8, 10.1038/s41598-018-33867-0.

36. Yawara Eguchi; Toru Toyoguchi; Kazuhide Inage; Kazuki Fujimoto; Sumihisa Orita; Miyako Suzuki; Hirohito Kanamoto;
Koki Abe; Masaki Norimoto; Tomotaka Umimura; et al. Analysis of skeletal muscle mass in women over 40 with degene
rative lumbar scoliosis. European Spine Journal 2018, 28, 1618-1625, 10.1007/s00586-018-5845-0.

37. Sylvia Kirchengast; Johannes Huber; Gender and age differences in lean soft tissue mass and sarcopenia among healt
hy elderly. Anthropologischer Anzeiger 2009, 67, 139-151, 10.1127/0003-5548/2009/0018.

38. Peter J. Snyder; Helen Peachey; Peter Hannoush; Jesse A. Berlin; Louise Loh; David A. Lenrow; John H. Holmes; Abd
allah Dlewati; Jill Santanna; Clifford J. Rosen; et al. Effect of Testosterone Treatment on Body Composition and Muscle
Strength in Men Over 65 Years of Age1. The Journal of Clinical Endocrinology & Metabolism 1999, 84, 2647-2653, 10.
1210/jcem.84.8.5885.

39. Arny A. Ferrando; Melinda Sheffield-Moore; Catherine W. Yeckel; Charles Gilkison; Jie Jiang; Alison Achacosa; Steven
A. Lieberman; Kevin Tipton; Robert R. Wolfe; Randall J. Urban; et al. Testosterone administration to older men improve
s muscle function: molecular and physiological mechanisms. American Journal of Physiology-Endocrinology and Metab
olism 2002, 282, E601-E607, 10.1152/ajpendo.00362.2001.

40. Virat Bakhshi; Marjorie Elliott; Angela Gentili; Michael Godschalk; Thomas Mulligan; Testosterone improves rehabilitatio
n outcomes in ill older men.. Journal of the American Geriatrics Society 2000, 48, 550-553, 10.1111/j.1532-5415.2000.t



b05002.x.

41. Shiyama Mudali; Adrian S Dobs; Effects of testosterone on body composition of the aging male. Mechanisms of Ageing
and Development 2004, 125, 297-304, 10.1016/j.mad.2004.01.004.

42. Virginie Messier; Rémi Rabasa-Lhoret; Sébastien Barbat-Artigas; Belinda Elisha; Antony D. Karelis; Mylène Aubertin-L
eheudre; Menopause and sarcopenia: A potential role for sex hormones. Maturitas 2011, 68, 331-336, 10.1016/j.maturi
tas.2011.01.014.

43. Hiromitsu Toyoda; Masatoshi Hoshino; Shoichiro Ohyama; Hidetomi Terai; Akinobu Suzuki; Kentaro Yamada; Shinji Tak
ahashi; Kazunori Hayashi; Koji Tamai; Yusuke Hori; et al. The association of back muscle strength and sarcopenia-relat
ed parameters in the patients with spinal disorders. European Spine Journal 2018, 28, 241-249, 10.1007/s00586-018-5
858-8.

44. Yawara Eguchi; Munetaka Suzuki; Hajime Yamanaka; Hiroshi Tamai; Tatsuya Kobayashi; Sumihisa Orita; Kazuyo Yam
auchi; Miyako Suzuki; Kazuhide Inage; Kazuki Fujimoto; et al. Associations between sarcopenia and degenerative lum
bar scoliosis in older women.. Scoliosis and Spinal Disorders 2017, 12, 9, 10.1186/s13013-017-0116-0.

45. Akihiko Hiyama; Hiroyuki Katoh; Daisuke Sakai; Masato Sato; Masahiro Tanaka; Tadashi Nukaga; Masahiko Watanab
e; Correlation analysis of sagittal alignment and skeletal muscle mass in patients with spinal degenerative disease.. Sci
entific Reports 2018, 8, 15492-8, 10.1038/s41598-018-33867-0.

46. Yawara Eguchi; Toru Toyoguchi; Kazuhide Inage; Kazuki Fujimoto; Sumihisa Orita; Miyako Suzuki; Hirohito Kanamoto;
Koki Abe; Masaki Norimoto; Tomotaka Umimura; et al. Analysis of skeletal muscle mass in women over 40 with degene
rative lumbar scoliosis. European Spine Journal 2018, 28, 1618-1625, 10.1007/s00586-018-5845-0.

47. Akihiko Hiyama; Hiroyuki Katoh; Daisuke Sakai; Masato Sato; Masahiro Tanaka; Tadashi Nukaga; Masahiko Watanab
e; Correlation analysis of sagittal alignment and skeletal muscle mass in patients with spinal degenerative disease.. Sci
entific Reports 2018, 8, 15492-8, 10.1038/s41598-018-33867-0.

48. Yawara Eguchi; Toru Toyoguchi; Kazuhide Inage; Kazuki Fujimoto; Sumihisa Orita; Miyako Suzuki; Hirohito Kanamoto;
Koki Abe; Masaki Norimoto; Tomotaka Umimura; et al. Analysis of skeletal muscle mass in women over 40 with degene
rative lumbar scoliosis. European Spine Journal 2018, 28, 1618-1625, 10.1007/s00586-018-5845-0.

49. Sylvia Kirchengast; Johannes Huber; Gender and age differences in lean soft tissue mass and sarcopenia among healt
hy elderly. Anthropologischer Anzeiger 2009, 67, 139-151, 10.1127/0003-5548/2009/0018.

50. Laura Tay; Y. Y. Ding; Bernard Leung; N. H. Ismail; A. Yeo; S. Yew; K. S. Tay; C. H. Tan; M. S. Chong; Sex-specific diffe
rences in risk factors for sarcopenia amongst community-dwelling older adults. AGE 2015, 37, 121-121, 10.1007/s1135
7-015-9860-3.

51. Peter J. Snyder; Helen Peachey; Peter Hannoush; Jesse A. Berlin; Louise Loh; David A. Lenrow; John H. Holmes; Abd
allah Dlewati; Jill Santanna; Clifford J. Rosen; et al. Effect of Testosterone Treatment on Body Composition and Muscle
Strength in Men Over 65 Years of Age1. The Journal of Clinical Endocrinology & Metabolism 1999, 84, 2647-2653, 10.
1210/jcem.84.8.5885.

52. Arny A. Ferrando; Melinda Sheffield-Moore; Catherine W. Yeckel; Charles Gilkison; Jie Jiang; Alison Achacosa; Steven
A. Lieberman; Kevin Tipton; Robert R. Wolfe; Randall J. Urban; et al. Testosterone administration to older men improve
s muscle function: molecular and physiological mechanisms. American Journal of Physiology-Endocrinology and Metab
olism 2002, 282, E601-E607, 10.1152/ajpendo.00362.2001.

53. Virat Bakhshi; Marjorie Elliott; Angela Gentili; Michael Godschalk; Thomas Mulligan; Testosterone improves rehabilitatio
n outcomes in ill older men.. Journal of the American Geriatrics Society 2000, 48, 550-553, 10.1111/j.1532-5415.2000.t
b05002.x.

54. Shiyama Mudali; Adrian S Dobs; Effects of testosterone on body composition of the aging male. Mechanisms of Ageing
and Development 2004, 125, 297-304, 10.1016/j.mad.2004.01.004.

55. Virginie Messier; Rémi Rabasa-Lhoret; Sébastien Barbat-Artigas; Belinda Elisha; Antony D. Karelis; Mylène Aubertin-L
eheudre; Menopause and sarcopenia: A potential role for sex hormones. Maturitas 2011, 68, 331-336, 10.1016/j.maturi
tas.2011.01.014.

56. Hiromitsu Toyoda; Masatoshi Hoshino; Shoichiro Ohyama; Hidetomi Terai; Akinobu Suzuki; Kentaro Yamada; Shinji Tak
ahashi; Kazunori Hayashi; Koji Tamai; Yusuke Hori; et al. The association of back muscle strength and sarcopenia-relat
ed parameters in the patients with spinal disorders. European Spine Journal 2018, 28, 241-249, 10.1007/s00586-018-5
858-8.

57. Yawara Eguchi; Munetaka Suzuki; Hajime Yamanaka; Hiroshi Tamai; Tatsuya Kobayashi; Sumihisa Orita; Kazuyo Yam
auchi; Miyako Suzuki; Kazuhide Inage; Kazuki Fujimoto; et al. Associations between sarcopenia and degenerative lum
bar scoliosis in older women.. Scoliosis and Spinal Disorders 2017, 12, 9, 10.1186/s13013-017-0116-0.



58. Akihiko Hiyama; Hiroyuki Katoh; Daisuke Sakai; Masato Sato; Masahiro Tanaka; Tadashi Nukaga; Masahiko Watanab
e; Correlation analysis of sagittal alignment and skeletal muscle mass in patients with spinal degenerative disease.. Sci
entific Reports 2018, 8, 15492-8, 10.1038/s41598-018-33867-0.

59. Yawara Eguchi; Toru Toyoguchi; Kazuhide Inage; Kazuki Fujimoto; Sumihisa Orita; Miyako Suzuki; Hirohito Kanamoto;
Koki Abe; Masaki Norimoto; Tomotaka Umimura; et al. Analysis of skeletal muscle mass in women over 40 with degene
rative lumbar scoliosis. European Spine Journal 2018, 28, 1618-1625, 10.1007/s00586-018-5845-0.

Retrieved from https://encyclopedia.pub/entry/history/show/7817


