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tended to an impaired migration potential and that actin fila-
ments are occasionally shorter and randomly distributed, the 
expression of proteins involved in focal adhesion formation 
is preserved.
Conclusion  Results of this study suggest that the structure 
of ageing tendons is preserved and that ageing tenocytes 
maintain their ability for ECM remodelling, supporting the 
hypothesis that ageing tendons maintain their biomechani-
cal properties. The biological reliability of aged tendons 
has a clinical relevance, supporting the use of tendon auto-
grafts also in the elderly patients. Since the common and 
successful orthopaedic procedure of anterior cruciate liga-
ment reconstruction using either autografts or allografts is 
becoming more common in older age groups, these findings 
suggest that the donor age would not significantly influence 
the clinical outcome.

Keywords  Tendon · Tenocytes · Ageing · Collagen 
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Introduction

Tendon mechanical properties are determined by the under-
lying composition and structure. Tendon dense regular con-
nective tissue is characterized by a large amount of extracel-
lular matrix (ECM) mainly containing interstitial collagen, 
proteoglycans (PGs), water and a relatively sparse popu-
lation of specialized fibroblasts, the tenocytes. Tenocytes 
are responsible for tendon tissue homoeostasis, repair and 
adaptation to mechanical loading. Collagen accounts for the 
60–85% of the dry mass and is predominantly represented 
by type I collagen (COL-I) fibrils and fibres, providing the 
major resistance to tensile mechanical forces. Type III col-
lagen (COL-III) represents approximately 3% of the total 

Abstract 
Purpose  Age-related modifications of tendons, such as 
reduced tenocyte proliferation and modified extracellular 
matrix (ECM) turnover, have been previously described, 
but results are often incomplete and discordant. The aim 
of this study was to investigate, using morphological and 
molecular methods, the effect of ageing on human tendons 
and tenocytes, especially focusing on the collagen turnover 
pathways, in order to understand how the ageing process 
could influence tendon biology and structure.
Methods  Morphological analysis was performed on frag-
ments from human semitendinosus and gracilis tendons 
harvested from 10 adult (mean age 41.8 ± 13.3 years) and 
6 aged healthy patients (mean age 72.7 ± 7.0 years) by hae-
matoxylin and eosin, Sirius red and Alcian blue staining. 
The expression of genes and proteins involved in collagen 
turnover and focal adhesions was assessed by real-time PCR, 
slot blot and zymography in cultured tenocytes. Cytoskel-
eton arrangement was studied by immunofluorescence and 
cell migration by wound healing assay.
Results  The structure and composition of ECM in ageing 
tendons are preserved as well as the expression of genes and 
proteins involved in collagen turnover pathways. Although 
morphological analysis revealed that ageing tenocytes 
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and in normal tendons is mostly restricted to the endotenon 
and epitenon [19, 20]. PGs are protein/glycosaminoglycan 
(GAG) complexes representing the noncollagenous compo-
nents in the ECM. These molecules, interacting with colla-
gen, play a pivotal role in affecting the viscoelastic proper-
ties of the tissue and allowing for the reciprocal gliding of 
collagen fibres [42].

A marked loss in skeletal muscle mass and strength has 
been evidenced in ageing, with a decrease in the mechanical 
properties of tendons. In the last few years, an increased inci-
dence of tendon injuries and pathology has been described 
[8, 16, 32, 35], suggesting that age-related changes in ten-
don may modify its structure and its mechanical properties. 
Some of these modifications are reduced tenocyte prolifera-
tion [23, 38, 43], imbalance between anabolic and catabolic 
pathways in ECM, decreased collagen cross-linking [1, 38] 
and variations in the GAG content [28, 31]. Since current 
data on this topic are incomplete and conflicting, in this 
study we were interested in characterizing the overall effect 
of ageing on tendon structure and tenocyte metabolism.

Due to low morbidity in the site of explant and to tendon 
properties, hamstring autografts are often used in tendon 
and ligament reconstructive procedures [10]. Proponents of 
allografts have encouraged the use of allografts harvested 
from younger donors, but recent studies on the biomechani-
cal properties of donor tissue used for reconstruction have 
reported that the structural properties of allograft are gener-
ally independent of age [5, 13, 14, 35] and donor age had 
no effect on post-operative improvement [15]. However, the 
use of allografts in surgical practice is currently discussed, 
with controversial results evidenced in the literature [9, 12, 
21, 29].

The aim of this study was to investigate the effect of age-
ing on human tendons and tenocytes, with particular atten-
tion to collagen turnover pathways, in order to understand 
how the ageing process could influence tendon biology and 
structure. For the first time, to our knowledge, the overall 
analysis of tendon structure and tenocyte collagen turnover 
pathways is provided. Results of this study will be helpful 
to highlight the safety of autograft tendon in some surgical 
procedures becoming more common in ageing population.

Materials and methods

Fragments from human semitendinosus and gracilis ten-
dons (fragment size 0.5–1 cm) were harvested from 10 
adult patients (mean age 41.8 ± 13.3 years) during ACL 
reconstruction and from 6 aged healthy patients (mean age 
72.7 ± 7.03 years) operated for total knee arthroplasty. For 
each sample, we analysed the mid-substance of the collected 
tendons, representing the region with the typical structure of 
the dense regular connective tissue.

Tendon fragments were immediately fixed in the operat-
ing theatre in 10% formalin in 0.1 M phosphate-buffered 
saline (PBS), pH 7.4, routinely dehydrated, paraffin-embed-
ded and serially cut (thickness 5 µm). Sections were stained 
with freshly made haematoxylin–eosin to evaluate the cell 
and tissue morphology. To obtain specific stain for fibril-
lary collagen, slides were deparaffinized and immersed for 
30 min in saturated aqueous picric acid containing 0.1% 
Sirius red F3BA (Sigma-Aldrich, Milan, Italy) [18]. Sec-
tions were stained with Alcian blue in sodium acetate buffer, 
pH 5.8 containing different MgCl2 concentration in order 
to selectively stain different mucopolysaccharides, such as 
GAGs and PGs. More in detail, in buffer containing 0.025 M 
MgCl2 all acid mucopolysaccharydes stain blue. Using 0.3 
and 0.65 M MgCl2, respectively, sulphated acid mucopoly-
saccharides and highly sulphated acid mucopolysaccharides 
can be observed. The slides were photographed by a digital 
camera connected to a Nikon Eclipse 80i microscope.

Sirius red- and Alcian blue-stained sections were ana-
lysed in blind by three different operators using a semi-
quantitative five point scoring system to assess the degree 
of staining: 0 corresponds to very faint staining, 0.5 faint 
staining, 1 moderate staining, 2 strong staining and 3 very 
strong staining.

Tenocytes were obtained from all tendon fragments of 
both experimental groups. Tendon fragments were rinsed 
with sterile PBS, plated in T25 flasks, incubated in Dulbec-
co’s modified Eagle medium (DMEM) supplemented with 
10% heat-inactivated foetal bovine serum (FBS), antibiotics 
(100 U/mL penicillin, 0.1 mg/mL streptomycin) and ascor-
bic acid (200 µM) at 37 °C in a humidified atmosphere con-
taining 5% CO2. When tenocytes grew out from the explant, 
they were trypsinized (0.025% trypsin-0.02% EDTA) for 
secondary cultures and plated in T75 flasks. Viability was 
assessed by the Trypan blue exclusion method. For evalu-
ations, confluent human tenocytes were used between the 
fourth and fifth passage in T25 flasks. For protein analysis, 
cells were cultured in serum-free DMEM. Tenocytes and 
cell supernatants were prepared in duplicate and were ana-
lysed after 24, 48 and 72 h.

Cell growth was assessed by growth curves. Tenocytes 
were plated in triplicate samples in 6-well multi-well plates 
at the same cell density. Cell number was determined after 
24, 48 and 72 h in tenocytes in the proliferative phase.

For fluorescence microscopy, tenocytes were cultured 
on 12-mm-diameter round coverslips put into 24-well 
culture plates for 48  h, as previously described [25]. 
Briefly, for actin cytoskeleton analysis, cells were incu-
bated with 50 µM rhodamine–phalloidin (Sigma-Aldrich), 
and for vimentin, tubulin and vinculin detection, cells 
were incubated for 1 h at room temperature, respectively, 
with the monoclonal primary antibodies anti-vimentin 
(1:100 in PBS, Novocastra), anti-tubulin (1:2000 in PBS, 
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Sigma-Aldrich) or anti-vinculin (1:600 in PBS, Sigma-
Aldrich). The cells were photographed by a digital camera 
connected to a Nikon Eclipse 80i microscope.

Gene expression was analysed by real-time RT-PCR 
as previously reported in samples run in triplicate [25]. 
GAPDH was used as endogenous control to normalize 
the differences in the amount of total RNA in each sam-
ple. The primers sequences were the following: GAPDH: 
sense CCC​TTC​ATT​GAC​CTC​AAC​TAC​ATG​, antisense 
TGG​GAT​TTC​CAT​TGA​TGA​CAAGC; LH2b: sense CCG​
GAA​ACA​TTC​CAA​ATG​CTCAG, antisense GCC​AGA​
GGT​CAT​TGT​TAT​AAT​GGG​; TIMP-1: sense GGC​TTC​
TGG​CAT​CCT​GTT​GTTG, antisense AAG​GTG​GTC​TGG​
TTG​ACT​TCTGG; vinculin: sense GGA​GGT​GAT​TAA​
CCA​GCC​AAT, antisense AAT​GAT​GTC​ATT​GCC​CTT​
GC; FAK: sense GTC​TGC​CTT​CGC​TTC​ACG​, antisense 
GAA​TTT​GTA​ACT​GGA​AGA​TGC​AAG​. Each sample was 
analysed in triplicate in a Bioer LineGene 9600 thermal 
cycler (Bioer, China) after 40 cycles. The cycle threshold 
(Ct) was determined, and gene expression levels relative 
to that of GAPDH were calculated.

Collagen type I and III (COL-I, COL-III), matrix met-
alloproteinase (MMP)-1 protein levels secreted by teno-
cytes were assessed in duplicate samples by slot blot in 
serum-free cell culture medium, as previously detailed 
[25]. Membranes were incubated for 1 h at room tempera-
ture in monoclonal antibody to COL-I (1:1000 in TBST) 
(Sigma-Aldrich, Italy), COL-III (1:2000 in TBST) (Sigma-
Aldrich, Italy), MMP-1 (1 µg/mL in TBST) (Millipore, 
Italy). Immunoreactive bands, revealed by the Amplified 
Opti-4CN substrate (Amplified Opti-4CN, Bio-Rad, Italy), 
were scanned densitometrically (UVBand, Eppendorf, 
Italy).

SDS-zymography was used to analyse MMP-2 activ-
ity, as previously described [25]. MMP gelatinolytic activ-
ity, detected after staining the gels with Coomassie bril-
liant blue R250 as clear bands on a blue background, was 

quantified by densitometric scanning (UVBand, Eppen-
dorf, Italy).

Cell migration in adult and ageing tenocytes was analysed 
by wound healing assay in 6-well multi-well plates [24]. 
The “scratch” was created in confluent tenocytes using a 
p200 pipet tip. Cell debris were removed by DMEM washing 
and multi-well plates were incubated at 37 °C and observed 
under an inverted microscope at different time points. Digital 
images were captured by a digital camera after 4, 8, 12 and 
16 h, and the size of the “scratch” was measured to obtain 
the migration potential.

The protocol study was approved by the local ethics com-
mittee (San Raffaele Hospital Ethical Committee, Milan) of 
the coordinating institution (IRCCS Policlinico San Donato) 
(protocol Tendon Ageing—June 13, 2013), and patients 
signed an informed consent. Inclusion and exclusion criteria 
are listed in Table 1.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 
version 6.0 software (GraphPad Software Inc.). Data were 
typical results from two replicate experiments for each of 
the patients-derived cell lines cultured in duplicate and were 
expressed as mean ± standard error (SEM). Comparison of 
groups was made using independent samples two-tailed t 
test. Differences associated with P values lower than 5%, at 
a confidence level of 95%, were considered to be significant.

Results

Tendon structure

Light microscopy analysis revealed that tendon struc-
ture was maintained and collagen fibrils were parallel and 
tightly aligned, with a slightly wavy appearance in both 

Table 1   Eligibility criteria

Inclusion criteria Exclusion criteria

Age ranging 18–80 years Patients diagnosed of hamstring tendinopathy
Indication for total knee arthroplasty or ACL reconstruction  

with semitendinosus tendon and gracilis tendon autografts
Patients diagnosed of enthesitis with involvement of the affected knee

Patients able to understand the study conditions and willing  
to participate for its entire duration

Patients affected by psoriatic arthropathy

Patients who signed written informed consent Drug-addicted
Alcohol-addicted
Psychiatric disorders
Clinical conditions which could compromise the results of the surgi-

cal procedure or of the follow-up
Informed consent not accepted
Pregnant or breastfeeding women
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experimental groups, with tenocytes in between (Fig. 1). 
Sirius red (Fig. 2a, b)- and Alcian blue (Fig. 3a, b)-stained 
specimens revealed that collagen, GAG and PG content were 
not modified by the ageing process.

Cell growth

Cell proliferation evaluated by growth curves showed that 
ageing tenocytes exhibited a slower proliferation rate com-
pared to adult tenocytes, but the difference was not statisti-
cally significant (Table 2).

Expression of genes and proteins related to collagen 
turnover

Slot blot analysis revealed that COL-I and COL-III protein 
levels were similar in cell culture supernatants of adult and 
ageing tenocytes, suggesting a comparable synthesis rate 
(Fig. 4a, b). The expression of LH2b, involved in colla-
gen cross-linking, was not significantly affected by ageing 
(Fig. 4c).

The analysis of collagen degradation pathways revealed 
that MMP-1 levels (Fig. 5a, b), and MMP-2 (Fig. 5c, d) 
and TIMP-1 gene expression (Fig. 5e) resulted similarly 
expressed in adult and ageing tenocytes.

Cytoskeleton arrangement

Microtubule network and vimentin intermediate filaments 
were similarly expressed and distributed in adult and age-
ing tenocytes (Fig. 6a). Fluorescent microscopy analysis for 
F-actin (Fig. 6a, b) revealed that, interestingly, in ageing 
tenocytes actin filaments were occasionally shorter and ran-
domly oriented in the cytoplasm (see arrows in Fig. 6a, b). 
Furthermore, in some ageing tenocytes actin filaments were 
not detectable in some parts of the cytoplasm, likely accord-
ing to actin depolymerization (see asterisks in Fig. 6a, b).

Wound healing assay

In order to understand whether ageing tenocytes maintain 
their motility potential, we analysed cell migration in adult 
and ageing tenocytes by wound healing assay by measuring 
the “scratch” size at different intervals. The comparison of 
the scratch size revealed that the migration potential is not 
modified in ageing tenocytes (Fig. 7).

Expression of focal adhesion proteins

In order to investigate whether ageing tenocytes retain their 
ability to form focal adhesions needed for cell migration, 
the expression of some key proteins forming the adhesion 
plaque was analysed. The focal adhesion kinase (FAK) and 
vinculin gene expression was unchanged in ageing compared 
to adult tenocytes (Fig. 8a–c).

Discussion

The main findings of this study, aimed at characterizing the 
effect of the ageing process on tendon and tenocytes, reveal 
that ageing tendons maintain their morphological and bio-
logical properties.

The process of ageing is commonly associated with 
increased prevalence of tendinopathy and tendon injuries 

Fig. 1   Haematoxylin–eosin-stained longitudinal sections of the mid-
region of adult and ageing tendons. Collagen fibres are arranged in 
parallel bundles having an undulating distribution and containing flat-
tened tenocytes. Tenocytes were thin and arranged in rows between 
collagen fibres. Some rounded nuclei were evident, suggesting the 
presence of tenoblasts. Structure alterations related to tendon pathol-
ogy, such as loss of collagen fibre alignment, lipoid degeneration or 
increased vascularization, were not observed. Original magnification 
×20

Fig. 2   Sirius red-stained adult and ageing tendons (a) and bar graphs 
showing the assessment by semiquantitative score of the intensity of 
Sirius red staining (b). Original magnification ×20
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[4, 7, 11], with a prevalence of 30% in a population older 
than 70 years [26, 35]. The mechanisms underlying ten-
don degeneration and rupture during ageing are unknown 
but may arise because of age-associated changes in tendon 
structure and mechanical properties, influenced by ECM 
components arranged to withstand tensile and compressive 
mechanical forces.

Fig. 3   a Microphotographs 
showing adult and ageing 
tendons stained using Alcian 
blue containing different 
molarities of MgCl2 and allow-
ing the detection of differently 
sulphated GAGs. Original 
magnification ×20. b Bar 
graphs showing the assessment 
by semiquantitative score of the 
intensity of Alcian blue staining 
of adult and ageing tendons

Table 2   Growth of adult and ageing tenocytes after 24, 48 and 
72 h. Data are expressed as percentages vs the time point T0 and are 
mean ± SEM

T0 24 h 48 h 72 h

Adult 100 123.1 ± 22.0 135.3 ± 21.9 171.8 ± 33.9
Ageing 100 106.6 ± 19.0 112.1 ± 14.0 119.8 ± 15.3

Fig. 4   Bar graphs displaying COL-I (a) and COL-III (b) protein 
levels analysed by slot blot in culture medium of adult and ageing 
tenocytes. Data are expressed as mean ± SEM. c Bar graphs show-
ing mRNA levels for LH2b in adult and ageing tenocytes assessed by 

real-time PCR. Data were normalized on GAPDH gene expression 
and are expressed as mean ± SEM for at least two independent exper-
iments for samples run in duplicate
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Some age-related modifications of tendons were previ-
ously described, such as decreased tenocyte proliferation 
[23, 32, 38, 42], imbalance in collagen turnover pathways, 
decreased collagen cross-linking [38] and variations in the 
GAG content [30, 34], suggesting that increased incidence 
of tendon injuries and pathology in the elderly could be a 
consequence of changes in tendon structure [8, 16, 35, 36].

Morphological analysis revealed that tendon structure is 
maintained in adult and ageing healthy tendons, and cel-
lularity was similar, as previously reported [37, 41], as well 
as collagen and GAG/PG content, suggesting that tendon 
structure is maintained in ageing healthy tendons.

Tenocytes are specialized fibroblasts able to synthe-
size and degrade tendon ECM, playing a key role in the 

Fig. 5   Representative slot blot for MMP-1 levels in tenocyte serum-
free cell culture medium (a) and bar graphs showing MMP-1 pro-
tein levels after densitometric analysis of immunoreactive. Data are 
expressed as densitometric units  ±  SEM. b Representative SDS-
zymography showing MMP-2 activity in serum-free cell supernatants 

of adult and ageing tenocytes and bar graphs showing MMP-2 lev-
els after densitometric analysis of lytic bands (c). Data are expressed 
as densitometric units ± SEM. d Bar graphs showing TIMP-1 gene 
expression after normalization on GAPDH mRNA levels. Data are 
expressed as mean ± SEM

Fig. 6   a Fluorescence microscopy analysis of the actin, tubulin and 
vimentin cytoskeleton in adult and ageing tenocytes. Microtubule net-
work displayed a normal arrangement and organization, originating 
from a brightly stained organizing centre located in the perinuclear 
area. Vimentin intermediate filaments were similarly expressed and 
distributed in adult and ageing tenocytes: they were dispersed in the 
cytoplasm, forming a typical network around the nucleus, from which 

they irradiated out into the cell periphery in fine lace-like threads. 
Original magnification ×40. b Photomicrographs of microfilament 
distribution in ageing tenocytes evidenced by rhodamine–phalloidin 
labelling and showing actin filaments arrangement. Original magnifi-
cation ×60. Arrows point to shorter and randomly oriented actin fila-
ments and asterisks indicate parts of the cytoplasm where actin fila-
ments were not detectable
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maintenance of tendon ECM homoeostasis and, therefore, 
determining the tendon ability to resist mechanical forces 
and repair in response to injury [20]. An imbalance in the 
synthesis and degradation of ECM components was sug-
gested responsible for structure alterations and degeneration 
of the tendon [17]. Therefore, we were interested in char-
acterizing the effect of ageing on the overall expression of 
genes and proteins involved in collagen turnover and ECM 
remodelling in human cultured tenocytes.

Collagen content is the result of a finely regulated 
dynamic balance between its synthesis and degradation. 
Collagen breakdown is driven by MMPs, a large family 
of proteases playing a major role in ECM turnover during 
adaptation of tendon to mechanical loading and repair, thus 
determining tendon strength. An inverse correlation between 

MMP-1 gene/protein expression and the amplitude of tensile 
mechanical load was demonstrated, suggesting that low lev-
els of MMP-1 are related to a more stable tendon structure 
and therefore less susceptible to damage [3].

The first step in collagen degradation is driven by MMP-1 
exerting a collagenolytic activity and able to cleave the intact 
collagen triple helix, followed by other proteases [33, 40]. 
MMP activation and activity are regulated at the post-trans-
lational level by TIMPs [6, 27] and able to inhibit all MMP 
members to varying degrees, although functional differences 
have been identified, and TIMP-1 is the main inhibitor of 
MMP-1.

In this study, COL-I and COL-III levels secreted by adult 
and ageing tenocytes are similar, as well as the expression 
of MMP-1, MMP-2 and TIMP-1. These results suggest that 

Fig. 7   a Representative micrographs showing wound healing assay in adult and ageing tenocytes at 0 and 16 h after the scratch. Original magni-
fication ×4. b Bar graphs showing the area of wound closure, expressed as a %, in adult and ageing tenocytes at the indicated intervals

Fig. 8   Bar graphs showing 
FAK (a) and vinculin (b) gene 
expression in adult and ageing 
tenocytes. c Immunofluores-
cence analysis for vinculin 
(green) in adult and ageing 
tenocytes. Actin filaments are 
stained using rhodamine–phal-
loidin labelling. Original magni-
fication ×60
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collagen turnover-related mechanisms are maintained in age-
ing tenocytes.

Since there is no evident overall decline in tenocyte 
synthetic or degradative pathways during ageing, different 
mechanisms could be responsible for age-related modifica-
tions of tendons, possibly related to an impaired collagen 
maturation by LH2b, one of the isoforms of LH2 generally 
overexpressed in fibrotic processes, responsible for colla-
gen cross-linking of the newly synthesized collagen [39]. 
Collagen cross-linking is an important requirement for col-
lagen maturation in relation to the development of tendon 
elastic properties, providing collagen fibril stabilization and 
strength [34]. Age-induced down-regulation of LH2b might 
be responsible for a less stable tendon, more susceptible to 
collagen degradation and, finally, more susceptible to dam-
age. Our results suggest that LH2b mRNA levels are simi-
lar in adult and ageing tenocytes, suggesting a comparable 
collagen maturation, although a tendency to decrease was 
observed in ageing cells.

Mechanical loads acting on a connective tissue are 
perceived by resident cells as stimuli that are transmit-
ted through constituents of the ECM, ECM receptors and 
intracellular structures. Tenocyte activity in ECM remodel-
ling is regulated by cell–ECM interactions mediated by a 
mechanotransduction mechanisms based on integrins that, 
together with actin cytoskeleton and tendon cell primary 
cilium [3, 22], provide a bridge through which forces can be 
transmitted between inside and outside of the cells. It was 
observed that in some ageing tenocytes actin filaments were 
shorter, randomly oriented and occasionally undetectable, 
thus suggesting they underwent some depolymerization. 
Since tenocytes are able to sense and respond to changes in 
their mechanical environment using a mechanotransduction 
system based on the actin cytoskeleton [3], we can hypoth-
esize that ageing tenocytes could experience a decreased 
mechanoresponsiveness and, therefore, could be less effi-
cient in maintaining ECM homoeostasis in response to dif-
ferent mechanical load. Furthermore, the organization of the 
actin cytoskeleton is a good indicator of the motile capacity. 
Cell migration, playing a key role during tissue repair and 
regeneration, is allowed by cell protrusions driven by actin 
polymerization and stabilized by ECM adhesion. Cells that 
migrate poorly exhibit a more disorganized actin cytoskel-
eton and have shorter actin filaments as compared to robust 
migrators [30]. A wound healing assay was used to under-
stand whether tenocyte motility is affected by ageing, and 
no significant differences were found. Interestingly, it was 
suggested that a less organized actin cytoskeleton is related 
to a reduced ability to form focal adhesions [2]. Since focal 
adhesions are needed for a cell to generate the traction nec-
essary to migrate [30], and tenocyte motility is required for 
tendon repair, we analysed the expression of some key pro-
teins of the adhesion plaque in order to understand whether 

ageing tenocytes could be less efficient in tissue healing and, 
therefore, responsible for a slow recovery rate of aged indi-
viduals after tendon injury and for long-term alterations in 
tendon ECM. FAK and vinculin resulted similarly expressed 
in adult and ageing tenocytes, supporting the hypothesis of a 
similar ability to form focal adhesions and to migrate.

Results of this study suggest that the structure of age-
ing tendons is preserved and that ageing tenocytes maintain 
their ability for ECM remodelling, supporting the hypothesis 
that ageing tendons maintain their biomechanical properties. 
These findings allow to formulate new clinical hypothesis 
stimulating further research in a larger number of subjects 
and provide new information useful to plan surgery requiring 
the use of tendon autograft, suggesting that tendon auto-
grafts can be used in the elderly patients.

Conclusion

Results of this study, suggesting that ageing process does not 
modify tendon structure tenocyte biological activity, support 
the use of tendon autografts also in older patients.
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