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Introduction: Aging
The process of aging is a universal, decremental, and
intrinsic process which should be considered innate to
our genetic design—not pathological [1]. The rate of
aging is highly individual and depends on many factors,
including genetics, lifestyle, and former disease processes
[2].
Overuse tendinopathies are common in primary care.
These tendon problems are not restricted to competitive
athletes but affect recreational sports participants and
many working people. The pathology underlying these
conditions is usually tendinosis or collagen degeneration [3]. Kannus and coworkers [4] showed in a 3-year
prospective controlled study that sports injuries in elderly
athletes are more frequently overuse-related than acute
and commonly have a degenerative basis.
The degenerative changes associated with increasing
age may be detected as early as the third decade, when
a progressive decline becomes apparent in cellular function in many tissues [5]. With aging, various functions
of the body gradually deteriorate. This also includes
the musculoskeletal system, even if not so extensively as
the cardiovascular system [6]. The tendon is subjected to
early degenerative changes, since both the collagen and
noncollagenous matrix components of tendons show
qualitative and quantitative changes. There are also
many cellular and vascular changes within the aging
tendon. However, in adults, studies have not found a
clear correlation between macroscopic tendon characteristics, such as thickness and surface area, and age
[7,8].
As a result of all these physiological age-related
changes, an aged tendon is weaker than its younger counterpart, and is more likely to tear or suffer from overuse
injury [9,10]. This is especially true if the aging tendon

also suffers from pathological degenerative changes
[11].

Cellular Changes
Many changes occur at the cellular level in an aging
tendon. The tenoblasts transform into tenocytes (and
occasionally vice versa) [11]. The volume density of
tendon cells as well as the number of tendon cells per unit
of surface area decrease. There is also a decrease in
the plasmalemmal surface density. The tendon cells
become longer, more slender, and more uniform in shape
[12,13]. With age, the nucleus-to-cytoplasm ratio
increases, and ﬁnally the main body of the cell is almost
completely occupied by a long, thin nucleus [1] (see
Figure 4-1).
The overall metabolic activity of tenoblasts decreases
with age, most likely slowing the reparative ability of a
tendon. There is a decline in the organelles participating
in protein synthesis, particularly the rough endoplasmic
retinaculum. Therefore, the ability to synthesize protein
and amino acids decreases [12,14]. However, the rough
endoplasmic retinaculum and Golgi apparatus can be
still recognized at electron microscopy. The cytoplasm
has high quantities of free ribosomes and the number
of mitochondria is decreased, but they still have welldeﬁned cristae. Lysosomes can be identiﬁed in varying
numbers. With increasing age, and especially in pathologic conditions, tenocytes show increasing numbers and
amounts of glycogen particles, lipid droplets, lipofuscin,
and lysosomes [11]. Also, the metabolic pathways used to
produce energy shift from aerobic to more anaerobic, and
eventually some metabolic pathways such as the Krebs
cycle completely shut down [11,15]. Reduced metabolic
activity of the aged tendon has been recently shown in an
in vitro model of a rat patellar tendon [16].
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charide contributes to the age-dependent changes of stiffness of tendons and a reduction in their gliding properties [1,12].

Collagen
Within the tendon, the most remarkable age-dependent
changes are those that involve collagen (see Figure 4-2).
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Figure 4-1. (A) A tenoblast with a well-developed, rough
endoplasmic reticulum (arrows). N = nucleus. An intact Achilles
tendon from a young adult cadaver (Transmission electron
micrograph, TEM ¥ 6600). (B) A tenocyte with a large nucleus
(N) and high nucleus-to-cytoplasm ratio. An intact Achilles
tendon from a traumatically amputed limb of an older adult
(TEM ¥ 6000).

Extracellular Changes
With development and aging, both the collagen and
noncollagenous matrix components of tendons show
qualitative and quantitative changes. The collagen content remains unchanged or decreases slightly to 75%,
while the amount of proteoglycans and glycoproteins
declines more intensely. The elastic components increase
into early adulthood to decrease into old age. The extracellular water content of a tendon declines from about
80% to 85% at birth to approximately 30% to 70% in old
age [11,15,17]. The decrease in water and mucopolysac-

B
Figure 4-2. (A) Normal collagen bundles of an Achilles tendon
of a young adult cadaver (Scanning electron microscope, SEM
¥ 1700). (B) Disintegrated and frayed collagen bundles of an
Achilles tendon of an older adult cadaver (scanning electron
microscope, SEM ¥ 1300).
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With age, the absolute collagen content changes little,
while the relative amount of collagen and the collagen
volume density of the tendon increase due to decrease in
the proteoglycan-water content. The type II collagencontaining region spreads signiﬁcantly from the attachment zone of the tendon into the tendon substance
[1,12,18,19]. The mean collagen ﬁbril diameter shows a
marked increase during development, while a decrease in
the proportion of thick ﬁbrils and in the mean area of the
ﬁbrils occurs with senescence [13]. Collagen turnover,
which is relatively low to begin with, declines with age as
collagen synthesis diminish [11,18]. Due to the agedependent reduction of tendon cells and enzymes that
are essential for collagen synthesis, repair of the soft
tissues, such as tendon, is delayed in old age.
During senescence, the mechanical properties of collagen decrease [20]. This is due to changes in collagen
crosslinking proﬁle, as there is an increase in the
crosslinking of the tropocollagen molecules decreasing
the solubility of collagen [9,10]. The conversion to nonreducible crosslinks is a spontaneous age-related process,
although mechanical stress and hormones may have an
additional effect [1,21]. The increase in crosslinks has
been observed to have an effect on several laboratorydetected phenomena: an increased resistance to degradative enzymes [22]; reduced solubility of collagen [2,19,23];
increased stability to thermal denaturation [2,23]; and
increased mechanical stiffness [23,24]. The crosslinking of
collagen is considered one of the best biomarkers of
aging [25].

Elastin and Contractile Proteins
With increasing age, a decrease in the number of elastic
ﬁbers as well as many morphological changes have
been observed [11,12,18]. These could be related to an
increase in the synthesis of ﬁbrillar glycoproteins associated with partial degeneration of elastin by tissue elastases [21].
The presence of the contractile proteins actin and
myosin has been demonstrated in tendon cells, and these
remained unchanged with age [12,17]. Anderson [26],
however, found an increased actin content in old chick
ﬁbroblasts.

Other Noncollagenous Matrix Components
The extracellular water content and mucopolysaccharide content decrease with aging [2,9,12,19]. Total glycosaminoglycan and glycosaminoglycan fractions show a
pronounced decrease during the maturation period. This
trend continues, albeit to a lesser degree, during the rest
of the life span [1]. Also, the composition of the glycosaminoglycans changes during aging, as the amount of
dermatan sulfate (major component of glycosaminoglycans in tendons of newborns) decreases and chondroitin
sulfate becomes prominent [27].
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Blood Vessels
Tendon blood ﬂow and the number of capillaries per unit
of surface area decrease with increasing age [11]. The
decreased arterial blood ﬂow and thus decreased nutrition and oxygen transport have been suggested to be the
main etiological factors behind the age-related tendon
degeneration [28,29]. There are also numerous agerelated pathological changes in the blood vessels of the
tendon and its paratenon. (See section on age-related
pathological changes below.)

Biomechanical Changes
The most drastic biomechanical change of tendon aging
is decreased tensile strength [30]. The increase in collagen crosslinking widely alters the mechanical properties
of the tendon as there can be found a decrease in ultimate strain, ultimate load, modulus of elasticity, and
tensile strength, and an increase in mechanical stiffness
[9,23,31]. The increased rigidity of collagen ﬁbers results
in a decrease in the tensile strength of a tendon [9]. It
appears that there is an ideal amount of stabilized
crosslinks beyond which more crosslinking stabilization
becomes a maladaptive adjustment [9,23]. Other biomechanical tendon variables altered by aging are those associated with tissue viscosity, namely stress relaxation,
mechanical recovery, and creep [31].
With age, the relative collagen content of a tendon
increases, but the elastin and proteoglycan matrix
decrease, suggesting less elasticity [11]. However, the
pattern of change of the modulus of elasticity of tendon
follows that of total collagen content and not of elastin
[1].
Altogether, the above-noted changes make the tendon
weaker than its younger counterpart and more likely to
tear or suffer from overuse injury when subjected to
increasing stress and strain [1].

Age-Related Pathological Changes
The most characteristic age-related microscopic and biochemical pathological changes are degeneration of the
tenocytes and collagen ﬁbers, and accumulation of lipids,
ground substance (glycosaminoglycans), and calcium
deposits [18]. These may occur separately or in combination, and very often these changes occur with changes in
the blood vessels of the tendon or its paratenon. The vascular changes include narrowing of the lumina of the
arteries and arterioles, usually due to hypertrophy of the
intima and media of the vessel walls. Sometimes they are
associated with deposition of ﬁbrin, formation of thrombus, and evidence of proliferative arteritis, arteriolitis, and
periarteritis [11] (see Figure 4-3). The decreased arterial
blood ﬂow and thus decreased nutrition and oxygen
transport have been suggested as the main etiological and
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sition is to disrupt the ﬁber bundles and thus diminish
tendon strength.
Areas of reduced blood ﬂow and maximal lipid deposition correlate with the classical sites of tendon rupture,
particularly those of the Achilles and posterior tibial
tendons [28,34]. Tendon rupture is usually preceded
by histopathological degenerative changes, including
hypoxic degenerative tendinopathy, mucoid degeneration (Figure 4-4), tendolipomatosis (Figure 4-5), and calcifying tendinopathy, either alone or in combination, and

A

B
Figure 4-3. (A) Obliterative arteriopathy of a ruptured
Achilles tendon. The vessel walls are thickened and the lumina
narrowed (Hematoxylin-eosin, HE ¥ 150). (B) Proliferative
arteritis (middle) and phlebitis (above) of a ruptured Achilles
tendon. The vessel walls are thickened and the arterial lumen
almost obliterated (Hematoxylin-eosin, HE ¥ 150).

pathogenetic factors behind age-related tendon degeneration [28,29], but direct evidence is still lacking.
Focal lipid deposits can be seen already at the age of
15 [32], but the process does not accelerate until the
fourth decade of life [18]. The Achilles, biceps brachii,
anterior tibial, and especially the quadriceps and patellar
tendons are the most severely affected anatomic sites
[32,33].
The most frequent form of lipid accumulation during
aging is extracellular accumulation in which lipids with a
high content of esteriﬁed cholesterol are spread along the
axis of collagen ﬁbers.These ﬁne droplets are plasma lowdensity lipoprotein ﬁltrates [11]. The effect of lipid depo-
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Figure 4-4. (A) Mucoid degeneration of a ruptured Achilles
tendon. The collagen ﬁber structure is loose and disintegrated
(Masson trichrome staining ¥ 150). (B) Mucoid degeneration of
a ruptured Achilles tendon. The collagen ﬁbrils vary in diameter and run in various directions. Among the ﬁbrils, large
amounts of mucus-like ﬁne granular material (glycosaminoglycans, G) is visible (TEM ¥ 8300).
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assumed to arise through one of two mechanisms: inﬂammation or separation of collagen ﬁbers [37,38]. However,
neither of these classical hypotheses holds up under scientiﬁc scrutiny [37–39]. As an alternative explanation for
the origin of pain in chronic tendon disorders, it has been
recently presented that as yet unidentiﬁed biochemical
noxious compounds could irritate the pain receptors in
the diseased tendon tissue [37,38]. Candidates include
matrix substances, such as chondroitin sulfate or nociceptive neurotransmitters, such as substance P. However,
before any extended conclusions, much future research is
needed to clarify the possible cause-and-effect relationships between these candidate substances and the tendon
pain.
A

Factors Inﬂuencing the Rate of Aging and
Prevention of Age-Related Tendon
Degeneration

B
Figure 4-5. (A) Tendolipomatosis of a ruptured Quadriceps
tendon. Lipid cells (black) have accumulated between the collagen ﬁbers forming long chains (Sudan Black staining ¥ 100).
(B) Tendolipomatosis of a ruptured Quadriceps tendon. Lipid
cells (L) have accumulated between the collagen ﬁbers (SEM
¥ 870).

the incidence of these degenerative changes tends to
increase with age [18,35]. In patients with Achilles tendon
rupture, aging has been shown to be associated with many
complications after surgical and nonsurgical treatment
[35]. In shoulders, in turn, rotator cuff lesions, detected by
ultrasonography, are suggested as a natural correlate of
aging, with a statistically signiﬁcant linear increase in
asymptomatic partial- or full-thickness tears after the
ﬁfth decade [36].
In clinical practice, the most disconcerting and irritating problem of tendinopathies is pain rather than the agerelated pathological changes of tendon. Traditionally, the
pain associated with chronic tendinopathy has been

The rate of aging is highly individual and can be inﬂuenced by many factors, including genetics, lifestyle,
hormonal changes, and disease processes [9]. Thyroxine
is necessary for normal development: hypothyroidism
causes an accumulation of glycosaminoglycans in the
connective tissue throughout the body [1]. Corticosteroids are catabolic and, especially at moderate to high
pharmacological levels, they inhibit the production of
new collagen. Insulin, estrogen, and testosterone increase
the production of collagen to varying degrees by preventing excessive collagen breakdown [10]. Hamlin et al.
[40], for example, showed that collagen from 40-year-old
diabetics corresponds to that of normal individuals at 100
years of age. Nutritional deﬁciencies can also be associated with tendon degeneration. Adequate food supply of
proteins is needed for the necessary amino acids of collagen and other proteins, and of carbohydrates for the
maintenance of the ground substance.
Tendons are altered structurally and chemically by
activity, and even more so by inactivity. Exercise appears
to have a beneﬁcial effect on aging tendons [11,41]. Longterm exercise increases the mass, collagen content, crosssectional area, ultimate tensile strength, weight-to-length
ratio, and load-to-failure of tendon tissue [11,24,42–44].
Although these positive effects of exercise on tendon
properties are relatively small, the rate of degeneration
with age can probably be reduced by regular activity.
Sedentary lifestyle, in turn, is probably one of the main
reasons for poor circulation in tendons [18]. On the
other hand, some elderly athletes suffer from overuserelated and degenerative sports injuries, including
tendinopathies.
In clinical practice, to prevent age-related tendon
degeneration and related symptoms, maintenance of ﬂexibility and neuromuscular coordination through daily
stretching and calisthenics is recommended. Long warm-
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up and cooling-down periods should be the rule. The
advice about slow increase in the intensity, duration, and
frequency of training is especially suitable for elderly
people. Finally, special attention and caution should be
paid to sports in which the lower extremities are fully
weight-bearing with strong impacts and quick acceleration and deceleration movements, such as running and
fast ball games with repeated jumping. Thus, particularly
in elderly athletes, participation in sports like swimming,
cycling, and walking, in which the whole body weight is
not on the lower extremities or the impact effects and
muscle forces are lower, is recommended.

Summary
The changes associated with increasing age result in a
decline in the structure and function of human tendons.
Age correlates with decrease in the number of tenoblasts
and overall tenoblastic activity. Structurally, collagen
ﬁbers increase in diameter, vary in thickness, lose tensile
strength, and become tougher with increasing age and so
the ultimate tensile strength of a human tendon declines.
Age also affects tendon blood ﬂow and the number of
capillaries per unit of surface area. The most characteristic age-related microscopic and biochemical pathological
changes are degeneration of the tenocytes and collagen
ﬁbers, and accumulation of lipids, ground substance (glycosaminoglycans), and calcium deposits.
Careful control and treatment of nutritional deﬁcits
and altered hormone levels, whether due to disease or
pharmacological intervention, may reduce the harmful
aging effects on tendon tissue. Also, participation in a
well-structured, long-term exercise program may minimize or retard the effects of aging on tendons.

References
1. Tuite DJ, Renström PAFH, O’Brien M. (1997) The aging
tendon. Scand J Med Sci Sports. 7:72–77.
2. Menard D, Stanish WD. (1989) The aging athlete. Am J
Sports Med. 17:187–196.
3. Khan KM, Cook JL, Taunton JE, Bonar F. (2000) Overuse
tendinosis, not tendonitis, part 1: a new paradigm for a difﬁcult clinical problem. Phys Sports Med. 28:38–48.
4. Kannus P, Niittymäki S, Järvinen M, Lehto M. (1989) Sports
injuries in elderly athletes: A three-year prospective, controlled study. Age Aging. 18:263–270.
5. Bosco C, Komi PV. (1980) Inﬂuence of aging on the
mechanical behavior of leg extensor muscles. Eur J Appl
Physiol. 45:209–219.
6. Kuroda Y. (1988) Sport and physical activities in older
people: maintenance of physical ﬁtness. In: Ditrix A,
Knuttgen HG, Tittel K, eds. The Olympic Book of
Sports Medicine. Oxford, England: Blackwell Scientiﬁc
Publications; 331–339.

P. Kannus et al.
7. Becker W, Krahl H. (1978) Die Tendinopathien. Stuttgart,
Germany: G. Thieme.
8. Lehtonen A, Mäkelä P, Viikari J, Virtama P. (1981) Achilles
tendon thickness in hypercholesterolemia. Ann Clin Res.
13:39–44.
9. Best TM, Garrett WE. (1994) Basic science of soft tissue:
muscle and tendon. In: DeLee JC, Drez D, eds. Orthopaedic
Sports Medicine. Philadelphia: W.B. Saunders; 1–45.
10. O’Brien M. (1992) Functional anatomy and physiology of
tendons. Clin Sports Med. 11:505–520.
11. Jozsa L, Kannus P. (1997) Human Tendons: Anatomy,
Physiology, and Pathology. Champaign, IL: Human Kinetics.
12. Ippolito E, Natali PG, Postacchini F, Accinni L, De Martino
L. (1980) Morphological, immunochemical, and biochemical study of rabbit Achilles tendon at various ages. J Bone
Joint Surg. 62A:583–598.
13. Nakagawa Y, Majima T, Nagashima K. (1994) Effect of
aging on ultrastructure of slow and fast skeletal muscle
tendon in rabbit Achilles tendons. Acta Physiol Scand.
152:307–313.
14. Hayﬂick L. (1980) Cell aging. Ann Rev Gerontol Geriatr.
1:26–67.
15. Hess GP, Capiello WL, Poole RM, Hunter SC. (1989)
Prevention and treatment of overuse tendon injuries. Sports
Med. 8:371–384.
16. Almekinders LC, Deol G. (1999) The effect of aging, antiinﬂammatory drugs and ultrasound on the in vitro response
of tendon tissue. Am J Sports Med. 27:417–421.
17. Ippolito E. (1986) Biochemistry and metabolism. In:
Perugia L, Postacchini F, Ippolito E, eds. The Tendons.
Milan: Editrice Curtis; 37–46.
18. Kannus P, Jozsa L. (1991) Histopathological changes preceding spontaneous rupture of a tendon. a controlled study
of 891 patients. J Bone Joint Surg. 73A:1507–1525.
19. Shadwick RE. (1990) Elastic energy storage in tendons:
mechanical differences related to function and age. J Appl
Physiol. 68:1022–1040.
20. Nordin M, Frankel VH. (1989) Basic Biomechanics of the
Musculoskeletal System. 2nd ed. Philadelphia: Lea and
Febiger publications.
21. Robert L, Moczar M, Robert M. (1974) Biogenesis, maturation and aging of elastic tissue (abstract). Experientia. 30:
211–212.
22. Alnaqeep MA, Al Zaid NS, Goldspink G. (1984)
Connective tissue changes and physical properties of developing and aging skeletal muscle. J Anat. 139:677–689.
23. Viidik A. (1979) Connective tissue—possible implications
of the temporal changes for the aging process. Mech Aging
Dev. 9:267–285.
24. Carlstedt CA. (1987) Mechanical and chemical factors in
tendon healing. Acta Orthop Scand. 58(Suppl):224.
25. Holliday R. (1995) The evolution of longevity. In: Holliday
R, ed. Understanding Aging. Cambridge: Cambridge
University Press; 99–121.
26. Anderson PJ. (1978) Actin in young and senescent ﬁbroblasts. Biochem J. 169:169–172.
27. Honda T, Katagiri K, Kuroda A, Matsunaga E, Shinkai H.
(1987) Age related changes of the dermatan sulfate containing small proteoglycans in bovine tendon. Coll Rel Res.
7:171–184.

4. Aging and Degeneration of Tendons
28. Håstad K, Larsson L-G, Lindholm Å. (1958–1959) Clearance of radiosodium after local deposit in the Achilles
tendon. Acta Chir Scand. 116:251–255.
29. Jozsa L, Kvist M, Balint JB, Reffy A, Järvinen M, Lehto M,
Barzo M. (1989) The role of recreational sport activity in
Achilles tendon rupture: A clinical, pathoanatomical and
sociological study of 292 cases. Am J Sports Med. 17:
338–343.
30. Kannus P, Jozsa L, Renström P, Järvinen M, Kvist M, Lehto
M, Oja P, Vuori I. (1992) The effects of training, immobilization and remobilization on musculoskeletal tissue. 1.
Training and immobilization. Scand J Med Sci Sports. 2:
100–118.
31. Vogel HG. (1978) Inﬂuence of maturation and age on
mechanical and biomechanical parameters of connective
tissue of various organs in the rat. Connect Tissue Res. 6:
161–166.
32. Adams CMW, Bayliss OB, Baker RWR, Abdulla YH,
Huntercraig CJ. (1974) Lipid deposits in aging human arteries, tendons and fascia. Atherosclerosis. 19:429–440.
33. Jozsa L, Reffy A, Balint BJ. (1984) Polarization and electron microscopic studies on the collagen of intact and ruptured human tendons. Acta Histochem. 74:209–215.
34. Frey C, Shereff M, Greenidge N. (1990) Vascularity of the
posterior tibial tendon. J Bone Joint Surg. 72A:884–888.
35. Nestorson J, Movin T, Möller M, Karlsson J. (2000)
Function after Achilles tendon rupture in the elderly.
Acta Orthop Scand. 71:64–68.
36. Milgrom C, Schafﬂer M, Golbert S, Van Holsbeeck M.
(1995) Rotator-cuff changes in asymptomatic adults. J Bone
Joint Surg. 77B:296–298.

31
37. Khan KM, Cook JL. (2000) Overuse tendon injuries: Where
does the pain come from? Sports Med Arthrosc Rev. 8:
17–31.
38. Khan KM, Cook JL, Maffulli N, Kannus P. (2000) Where is
the pain coming from in tendinopathy? It may be biochemical, not only structural, in origin. Br J Sports Med.
34:81–83.
39. Alfredson H, Thorsen K, Lorenzon R. (1999) In situ microdialysis in tendon tissue: high levels of glutamate, but not
prostaglandin E2 in chronic Achilles tendon pain. Knee Surg
Sports Traumatol Arthrosc. 7:378–381.
40. Hamlin CR, Kohn RR, Luschin JH. (1975) Apparent accelerated aging of human collagen in diabetes mellitus.
Diabetes. 24:902.
41. Vailas AC, Vailas JC. (1994) Physical activity and connective tissue. In: Bouchard C, Shepard RJ, Stephens T, eds.
Physical Activity, Fitness, and Health. Champaign, IL:
Human Kinetics; 369–382.
42. Woo SL-Y, Gomez MA, Woo YIL. (1982) Mechanical properties of tendons and ligaments. III. the relationship of
immobilization and exercise on tissue remodeling.
Biorheology. 19:397–408.
43. Wood TO, Cooke PH, Goodship AE. (1988) The effect of
exercise and anabolic steroids on the mechanical properties
and crimp morphology of the rat tendon. Am J Sports Med.
16:153–158.
44. Kjaer M, Langberg H, Magnusson P. (2003) Overuse
injuries in tendon tissue: insight into adaptation mechanisms (Danish). Ugeskr Laeger. 165:1438–1443.

