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Summary

Both hyperlipidemia and metabolic syndrome have ad-
verse effect on tendon structure. Atorvastatin is most 
widely used antihyperlipidemic drug. Statins have ad-
verse effects on the tendon. Many studies have ana-
lyzed the relationship between atorvastatin and skeletal 
muscles. Atorvastatin administered after the surgical 
repair of a ruptured tendon appears to affect revascu-
larization, collagenization, inflammatory cell infiltration, 
and collagen construction. Therefore, further investiga-
tions on the effects of atorvastatin on tendon healing 
are needed.
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Introduction

The current increase in obesity in the population is paral-
leled by increased blood lipid levels, which have direct af-
fects on coronary heart disease. Antihyperlipidemic drugs 
should be used to decrease blood lipid levels. Atorvastatin 
is one of the most widely used antihyperlipidemic drugs (1).
The side effects of atorvastatin on the musculoskeletal sys-
tem include myalgia, muscle weakness, myositis, rhabdo-
myolysis, tendinopathy, and spontaneous tendon rupture 
(2, 3). Statins have adverse affects on the tendon unit (4). 
Do these affects manifest only as tendon rupture? Does the 
tendon healing process require the integrity of the tendon? 
How does atorvastatin influence the tendon healing pro-
cess?

Statins and tendons

Muscle effects are the most common reported adverse 
effects of statins. Statin users were more likely to report 
musculoskeletal pain (5). Hypolipidemic therapy leads 
to diminution in the size of Achilles tendon xanthomas in 
patients with heterozygous familial hypercholesterolemia. 

Statin treatment reduces Achilles tendon thickness in hy-
percholesterolemia patients with normal Achilles tendon 
echostructure (6).  Hypolipidemic therapy is associated with 
mobilization of tissue stores of cholesterol in these patients 
(7). Physiological repair of an injured tendon requires deg-
radation and remodeling of the extracellular matrix through 
matrix metalloproteinases. Statins may increase the risk of 
tendon rupture by altering matrix metalloproteinases activity 
(8). Adverse effects of statins mainly occurred during the 
first year of treatment and appeared to be more frequent in 
patients with diabetes, hyperuricaemia or a history of ten-
don disorders, and in persons engaging in strenuous sports 
(9). The therapeutic effect of mixed loading exercises for the 
Achilles tendon may not be adequate to overcome the pre-
disposition to rupture caused by hyperlipidaemia and statin 
medication (10).

Hyperlipidemia and tendons

High cholesterol could increase the likelihood of tendon 
tears. Tendon tears are indicative of high cholesterol could 
provide orthopedic clinicians with an additional preventive 
treatment opportunity for patients with undiagnosed hyper-
cholesterolemia (11). Hyperlipidemia showed an abnormal 
stippled signal pattern on MRI with or without enlargement 
or abnormal configuration of the tendon (12). The presence 
of tendon xanthomas in hypercholesterolaemia patients is 
associated with genetic variation in the verse cholesterol 
transport and low-density lipoprotein oxidation pathways. 
Xanthomas and atherosclerosis share pathophysiological 
mechanisms (13). It may become worthwhile to consider 
the presentation of tendinopathy as a trigger to measure 
serum cholesterol (14). Tendon xanthomas are characteris-
tic of familial hypercholesterolemia. Tendon xanthomas and 
cardiovascular disease may share etiology. Xanthomas are 
associated with a 3 times higher risk of cardiovascular dis-
ease among hypercholesterolemia patients (15). 

Metabolic syndrome and skeletal muscle

Hyperlipidemia with insulin resistance is common in the 
metabolic syndrome. Tendinopathy has been associated 
with greater waist circumference, as has the metabolic 
syndrome and insulin resistance has been associated with 
intracellular fat deposition in muscle (16). Metabolic syn-
drome contribute to a loss of skeletal muscle microvessels, 
leading to impaired muscle perfusion with elevated meta-
bolic demand (17).

Statins and skeletal muscle

Many studies have analyzed the relationship between ator-
vastatin and skeletal muscles (18-25). The use of atorvas-
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tatin may give rise to muscle pain, tenderness or weakness, 
and elevated creatine kinase levels with myopathy. If the 
myopathy is missed and the statin use not stopped, rhab-
domyolysis, myoglobinuria, and acute renal necrosis can 
develop. Myopathy can develop in patients who have com-
plex medical diseases or in patients who use many drugs, 
especially elderly patients (1-4, 18-26).

Tendon healing

Tendon healing after acute injury begins with inflammation. 
The second stage is the formation of granulation tissue 
(proliferative or repair stage), and the last stage is the re-
modeling of the matrix (Tab. 1) (24, 27).

Statins and tendon rupture

Statin myotoxicity involves a series of complex phenomena 
and various mechanisms. Impaired cell membranes and 
cell functions attributable to mitochondrial dysfunction and 
damage to myocyte duplication have been reported (28). 
Statins affect the synthesis of membrane glycoproteins, 
decrease Cl2 channel activation in the muscle membrane, 
and increase intracellular Ca concentrations, leading to im-
paired membrane function. All of these actions can result in 
myocyte injury (25).

What should the question be?

“Do statins influence tendon healing?” This question does 
not really set out the issue fully. The real question should be, 
“Although statins have adverse effects on the muscle belly 
and tendon strength, do they have any adverse effects on 
tendon healing?”
Hypercholesterolemia may be the cause of the tendinopa-
thy (21, 29). Statins, hypercholesterolemia, and tendinopa-
thy constitute a controversial triad. Therefore, the relation-
ship between the tendon and the mechanism of hypercho-
lesterolemia should be investigated. Do the statins or the 
hypercholesterolemia influence tendon healing?

The possible relationship between statins and tendon 
healing

Myoblasts and fibroblasts play important roles in the heal-
ing of skeletal muscle (20). Statins alter the segmentation 
of myocytes, which stimulates myotoxicity. Normally, mem-
brane and plasma lipids are in balance, and there is a re-
lationship between decreased intracellular cholesterol and 
decreased plasma cholesterol. Consequently, decreased 
membrane viscosity and reduced cell proliferation have 
been reported with statin use (22).
Statins have adverse effects on angiogenesis. The anti-
angiogenic effects of statins at high concentrations are 
associated with decreased endothelial release of vascular 
endothelial growth factor and increased endothelial apop-
tosis (30).
Atorvastatin administered after the surgical repair of a 
ruptured tendon appears to affect revascularization, colla-
genization, inflammatory cell infiltration, and collagen con-
struction (4). Therefore, further investigations on the effects 
of atorvastatin on tendon healing are needed. Nevertheless, 
atorvastatin may not be completely without negative impact 
in terms of the skeletal muscles.
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Table 1: The stages of tendon healing 

Repair stage Days Histology
Tensile 

strength 
Comments 

Inflammation 0-5 Cell proliferation None Neoangiogenesis

Fibroblastic 5-28
Fibroblastic proliferation, 

non-organized collagen 
Increased 

Fibronectin

knockdown

fibroblasts

Remodeling >28
Linear collagen 

organization 

Controlled

active motion
Collagen cross-linking

Table 1. The stages of tendon healing.



Tendon, tendon healing, hyperlipidemia and statins

171Muscles, Ligaments and Tendons Journal 2011; 1 (4): 169-171

don biomechanics in a mouse model. J Orthop Res. 
2011;29:380-383.

12. Dussault RG, Kaplan PA, Roederer G. MR imaging of 
Achilles tendon in patients with familial hyperlipidemia: 
comparison with plain films, physical examination, and 
patients with traumatic tendon lesions. AJR Am J Roent-
genol. 1995;164:403-407.

13. Oosterveer DM, Versmissen J, Yazdanpanah M, Defe-
sche JC, Kastelein JJ, Sijbrands EJ. The risk of tendon 
xanthomas in familial hypercholesterolaemia is influenced 
by variation in genes of the reverse cholesterol transport 
pathway and the low-density lipoprotein oxidation pathway. 
Eur Heart J. 2010;31:1007-1012.

14. Abboud JA, Beason DP, Soslowsky LJ. Emerging ideas: 
the effect of hypercholesterolemia on tendons. Clin Orthop 
Relat Res. 2012;470:317-320.

15. Oosterveer DM, Versmissen J, Yazdanpanah M, Hamza 
TH, Sijbrands EJ. Differences in characteristics and risk 
of cardiovascular disease in familial hypercholesterolemia 
patients with and without tendon xanthomas: a systematic 
review and meta-analysis. Atherosclerosis. 2009;207:311-
317.

16. Gaida JE, Alfredson L, Kiss ZS, Wilson AM, Alfredson H, 
Cook JL. Dyslipidemia in Achilles tendinopathy is char-
acteristic of insulin resistance. Med Sci Sports Exerc. 
2009;41:1194-1197.

17. Frisbee JC. Reduced nitric oxide bioavailability contributes 
to skeletal muscle microvessel rarefaction in the meta-
bolic syndrome. Am J Physiol Regul Integr Comp Physiol. 
2005;289:307-316.

18. Bogers RP, Bemelmans WJ, Hoogenveen RT, et al. Asso-
ciation of overweight with increased risk of coronary heart 
disease partly independent of blood pressure and choles-
terol levels: a meta-analysis of 21 cohort studies includ-
ing more than 300.000 persons. Arch Intern Med. 2007; 
167:1720-1728.

19. Fenwick SA, Hazleman BL, Ritey GP. The vasculature and 
its role in the damaged and healing tendon. Arthrıtis Res. 
2002; 4:252-260.  

20. Grounds MD, White JD, Rosenthal N, Bogoyevitch MA. 
The role of stem cells in skeletal and cardiac muscle repair. 
J Histochem Cytochem. 2002;50:589-610.  

21. Mathiak G, Wening JV, Mathiak M, Nevilte LF, Jungbluth K. 
Serum cholesterol is elevated in patients with Achilles ten-
don ruptures. Arch Orthop Trauma Surg. 1999; 119:280-
284.

22. Movahed MR, Samsamsharaiat SA. Reproducible tendini-
tis-like symptoms related to statin therapy. J CIin Rheuma-
tol. 2006;12:320-321.

23. Nakagawa H, Mutoh T, Kumano T, Kuriyama M. Tyrosine 
phosphorylation of the catalytic subunit pl10 of phosphati-
dylinositol-3 kinase induced by HMG-CoA reductase inhibi-
tor inhibits its kinase activity in LG myoblasts. FEBS Lett. 
2001;508:53-56.

24. Sharma P, Maffulli N. Tendon injury and tendinopathy: heal-
ing and repair. J Bone Joint Surg Am. 2005; 87:187-202.

25. Yan L, Lan F, Wang ZG, Li YP. Statins and myotoxicity. 
Trends Pharmacol Sci. 2003; 24:113-114.

26. Katzung BG. Basic and Clinical Pharmacology. Ninth edi-
tion 2004; 568-570.

27. Lin TW, Cardenas L, Soslowsky JL. Biomechanics of ten-
don injury and repair. J Biomech 2004;37:865-877.

28. Kauftnann P, Török M, Zahno A, Waldhauser KM, Brecfıt 
K, Krahenbühl S. Toxicity of statins on rat skeletal muscle 
mitochondria. Cell MoI Life Sci. 2006;63:2415-2425.

29. Ozgurtas T, Yildiz C, Serdar M, Atesalp S, Kutluay T. ls 
high concentration of serum lipids a risk factor for Achilles 
tendon rupture? Clin Chim Acta. 2003;331:25-28.

30. Weis M, Heeschen C, Glassford AJ, Cooke JP. Statins 
have biphasic effects on angiogenesis. Circulation. 
2002;105:739-745.




