
 

 

Introduction 
 
Tendinopathy is the clinical term frequently 
used to designate all tendons injuries, leaving 
the terms tendinitis, tendinosis and/or 
paratendinitis more for histological diagnosis 
[1]. This divergence reinforces that more stud-
ies are required to clarify, elucidate and unify 
nomenclature of tendon lesions. Nevertheless, 
it is well known that acute lesions with reactive 
inflammatory infiltrate behave differently than 
chronic degenerative lesions in terms of disease 
evolution and pathology.  
 
Tendinosis afflicts almost 14% of the elite ath-
letes [2]. Considering the high incidence and 
the fact that non-surgical treatment is usually 
long [3], a more precise description of the tendi-
nosis` pathogenesis is necessary [4, 5]. To bet-
ter accomplish that, animal inducting models 
should be systemized. 
 
Repetitive microtraumas due to overuse and 

mechanical overload have been proposed as 
etiologic factors in tendinosis. Clinically, there is 
tenderness to palpation, pain on resisted move-
ments and decreased activity [6]. Diagnostic 
imaging shows alterations in Ultra-Sound and 
Magnetic Nuclear Resonance imaging. Macro-
scopically tendinosis usually presents mucoid 
degeneration, with a friable and non-structured 
pattern with a light brown color. Microscopically 
collagen fibres are disorganized and show mi-
crotearing [6-10]. Although many studies have 
focused on tendinosis, no one has attempted to 
evaluate morphometrically the events in patho-
genesis. 
 
Experimental models are frequently used and 
have great value in the scientific scenario, be-
cause they allow biochemical, histological, cellu-
lar and temporal analyses [11]. Further, the 
success of the physical and/or pharmacological 
treatments may be assessed directly and indi-
rectly using these animal models. An ideal ani-
mal model should include as criteria: (1) appro-
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priate tissue type modelled, (2) accurate simula-
tion of the injury conditions, (3) reproduction in 
animal tissues of lesions similar to human dis-
eased tissues and finally (4) ease of application 
[6, 12].  
 
This study’s goal was to evaluate Achilles tendi-
nosis pathogenesis, using a rat overuse induc-
tion model with active muscle contraction 
through repetitive running. This is the first at-
tempt to evaluate morphometrically the progres-
sion of cellularity, collagen, glycosaminoglycans 
and microtearing in tendinosis. 
 
Materials and methods  
 
Thirty male Wistar rats, 11-12 weeks of age 
(adults), weighting 220-250 grams, were ran-
domly split in an experimental (n=15) and a 
control groups (n=15). Five animals from each 
group were euthanized by inhaling CO2 after 
four, eight and sixteen weeks (approved by The 
Experimental Animal Ethic Committee of Univer-
sidade Federal de Minas Gerais – Certificate 
189/06).  
 
The experimental group was subjected to a run-
ning scheme [7] which included 80 minutes 
daily, at 26.8 m/min (10º incline), with the first 
10 minutes in a gradually increasing speed 
(warm-up) and last 10 minutes in a decreasing 
speed (to allow basal metabolism gradual re-
turn). The rats ran on a specially adapted tread-
mill (Weslo, Cadence 840), with capacity to 
eight animals. They ran inside a glass box within 
individual compartments, with a metallic mate-
rial in the posterior part. An electrical-
stimulation (IBRAMED, Neurodyn) was con-
nected to this metallic part, using a low intensity 
charge, to encourage the rats to keep on run-
ning. Before the beginning of the experiment, a 
two-weeks training period was used with the 
same protocol, except that the velocity was 
13.4 m/min, to allowed animals to be familiar 
with the equipment.  
 
The control group did normal cage activities, 
such as walking, feeding and sleeping. Cages 
had no gadgets to allow animal exercise. Both 
groups had free access to water and commer-
cial food (Nuvilab, Nuvital®).  
 
After the euthanasia, the gastrocnemius and 
soleus muscles were dissected and both right 
and left Achilles tendons were isolated proxi-

mally at the muscle tendon junction; and distally 
at the calcaneus insertion. The tendons sam-
ples were then fixed in 10% neutral buffered 
formalin for 48-72 hours and manually proc-
essed. Tendons were embedded longitudinally 
in paraffin and several 5μm sections were ob-
tained from each tendon after trimmed. Hema-
toxilyn-eosin (HE), Picrosirius Red, Alcian Blue, 
AgNOR and TUNEL staining were used on sec-
tions from each tendon. 
 
Parameters and morphometric strategy 
 
Microscopic images were obtained with a digital 
camera (Sony DSC-W7 / 7.2 Mega Pixels) con-
nected to a light microscope (Olympus BX41) 
using 10x and 40x plan achromatic objectives. 
Images were transferred to a computer for mor-
phometry. Densitometric quantification of the 
microtearing, percentual of reticular fibers and 
glycosaminoglycans content was accomplished 
with an image analyzer (Kontron KS300 version 
2.0, Karl Zeiss). Cellularity was obtained by soft-
ware Media Cybernetics Image Pro-Plus (Version 
4.5029). All densitometric analyses were per-
formed by the same examiner, initially, in a 
blind assay; however, during the evaluations the 
injury presence itself accused the experimental 
group.  
 
Digitalized 10x images of HE stained longitudi-
nal axis of the central region were analysed to 
cellularity and microtearing through densitomet-
ric quantification. The same criteria were used 
on both control and experimental specimens, 
excluding enthuses and muscle tendon junc-
tions. Cellularity was quantified in each micro-
scopical field, considering the total number of 
cells within the area occupied by the tendon, 
excluded the microtearing areas, according to 
the Formula 1: 

The percentual of microtearing was obtained by 
the sum of the areas of interstitial gaps be-
tween collagen fibers divided by the area occu-
pied by the tendon, according to the Formula 2:  

 
 

Formula 1 

 
 
 

Formula 2 
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Picrosirius Red, an anionic composite that dis-
tinguishes the thickness and density of collagen 
fibers through coloration emitted under polar-
ized light, was used to estimate the percentual 
of reticular fibers within the extra cellular ma-
trix. While the thin dissociated fibers typical of 
type III collagen are greenish, the thickest and 
strong associated fibers of type I collagen emit 
colors with bigger length wave as red and yellow 
[13, 14]. Digitalized 10x images of Picrosirius 
Red stained longitudinal axis of central region 
were analysed using polarized light filters. Den-
sitometric quantification of reticular fibers (most 
likely type III collagen) was achieved by image 
binarization so that areas with the same pixel 
density could be processed and summed. The 
following formula was used to quantify the ar-
eas: 

Alcian Blue staining on pH 2.5 with nuclear red 
counterstain was used to quantify the glycosa-
minoglycans content within the extra cellular 
matrix of the tendon [5]. Digitalized 10x images 
of Alcian Blue stained longitudinal axis of cen-
tral region were obtained and morphometry was 
achieved as described above to reticular fibers. 
The following formula was used to quantify ar-
eas of glycosaminoglycans:  

 
Silver stained Nucleolar Organizing Regions 
(AgNOR) staining was used to quantify the cellu-
lar activation and DNA transcription within the 
tendon. In this technique, brownish granules 
within the nuclei indicate the presence of ar-
gyrophilic proteins (AgNORs) that can be consid-
ered as an active unit of DNA transcription [15]. 
Quantification of these units was achieved 
through digitalized images obtained with a 40x 
plan achromatic objective. The transcription 
activity was obtained as the arithmetic mean of 
the AgNORs in 100 selected fibroblasts in mi-
croscopical fields of the three considered inter-
vals, in both the experimental and control speci-
mens: 

 
TUNEL reaction was used to detect apoptotic 
cells. This reaction identifies the in situ genome 
fragmentation, through the insertion of peroxi-
dase labelled nucleotides by the terminal de-
oxynucleotidyl transferase. Labelled nucleotides 
are later identified as brownish clusters after 
revelation with diaminobenzidine [16]. A com-
mercial kit was used (Cat # QIA33, Oncogene 
Research Products, Cambridge, MA, USA). Apop-
totic cells were counted considering morphologi-
cal characteristics of apoptosis in HE sections 
and TUNEL labelling.  
 
Statistical analysis 
 
Results are expressed either as mean ± stan-
dard error or median, as they have a normal 
distribution or not, according to the Kolmogorov-
Smirnov test. Results obtained from data with a 
normal distribution were analysed by a t test of 
Student to compare two groups of the same 
time interval and by the analysis of variance 
(ANOVA) with a Newman Keuls post-test to com-
pare the three intervals in experimental or con-
trol groups. Results obtained from data with a 
non-normal distribution were analysed by a t 
test non-parametric to compare two groups in 
the same time interval and by Mann Whitney 
test with a Multiple Comparison Dunn post-test 
to compare the three intervals in experimental 
or control group. Values of P<0.05 were consid-
ered significant. 
 
Results 
 
Cellularity decreased slightly along the time but 
was always higher in the experimental group 
than in controls after four weeks (4 weeks: 0.92 
± 0.06 vs 0.61 ± 0.05 – P<0.01; 8 weeks: 0.85 
± 0.04 vs 0.58 ± 0.06 – P<0.05; 16 weeks: 
0.82 ± 0.04 vs 0.53 ± 0.06 – P<0.01). How-
ever, time interval (protocol evolution) did not 
affect significantly neither experimental nor con-
trol groups (Figure 1). 
 
Microtearing increased slightly along the time 
and was already more evident in experimental 
group at 4 weeks. It was more intense in the 
experimental group in all time intervals (4 
weeks: 9.93 ± 1.55 vs 3.7 ± 0.79 – P<0.01; 8 
weeks: 11.6 ± 2.59 vs 3.81 ± 0.87 – P<0.01; 
16 weeks: 12.13 ± 1.03 vs 4.44 ± 0.56 – 
P<0.001). Once again, time interval (protocol 
evolution) did not affect significantly neither 
experimental nor control groups (Figure 2). 

 
 

Formula 3 

 
Formula 4 

 
 

Formula 5 
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Reticular fibers were more frequent in experi-
mental than in control group (Figure 3) in all 
time intervals (4 weeks: 43.4 ± 3.84 vs 6.57 ± 
3.06 – P<0.001; 8 weeks: 50.45 ± 4.2 vs 6.71 
± 2.84 – P<0.0001; 16 weeks: 59.6 ± 2.41 vs 
4.96 ± 1.32 – P<0.0001). Thin dissociated 
greenish reticular fibers, most likely type III col-
lagen as seen by Picrosirius staining and polar-
ized light microscopy, also increased in experi-
mental group from the 4th to 16th weeks. How-
ever such increase was significant only between 
4th and 16th weeks (P<0.05), and not between 
4th and 8th or between 8th and 16th weeks. Time 
interval (protocol evolution) did not have a sig-
nificant effect in controls. Figure 4 shows mor-
phological evidence of increased reticular fibers 
percentual in experimental animals, detected as 
greenish, thin dissociated fibers in oposition to 
the red and yellow thickest and strong associ-
ated fibers as the protocol was executed (from 

Figure 1. Cellularity evolution in experimental and 
control groups, in 3 time intervals. Cellularity was 
always higher in the experimental group than in con-
trols after four weeks and decreased slightly along 
the time. The symbols (†, ‡) represent significant 
statistical difference. 

Figure 2. Percentual of microtearing in experimental 
and control groups, in 3 time intervals. Microtearing 
was more intense in the experimental group in all 
time intervals, increased slightly along the time and 
was already more evident in experimental group at 4 
weeks. The symbols (†, ‡) represent significant statis-
tical difference. 

Figure 3. Percentual of Reticular Fibers (collagen 
deposition) in experimental and control groups, in 3 
time intervals. Reticular fibers were more frequent in 
experimental than in control group in all time inter-
vals. Time interval did have a significant effect only 
in between 4 and 16 weeks in experimental group. 
The symbols (†, ‡,*) represent significant statistical 
difference. 

Figure 4. Representative histological sections (5 mm, 
picrossirius red under polarized light, 10x objective) 
of the longitudinal axis of the central region of the 
tendon. Experimental group. Increased reticular fi-
bers as evidenced by greenish areas in two different 
time intervals– 4th (A) and 16th (B) weeks.  
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4th to 16th weeks).  
 
Glycosaminoglycans were detected as bluish 
areas in Alcian Blue stained sections. These 
strongly acidic sulfated mucosubstances were 
quantified by densitometry and showed signifi-
cantly increased in all experimental animals 
(Figure 5) as compared to the controls, in all 
time intervals (4 weeks: 8.33 ± 1.17 vs 3.97 ± 
0.71 – P<0.01; 8 weeks: 9.12 ± 1.17 vs 4.19 ± 
0.75 – P<0.01; 16 weeks: 12.53 ± 1.56 vs 
3.84 ± 0.66 – P<0.01). Experimental animals 
also showed a higher glycosaminoglycans con-
tents at the 16th week than in the 4th and 8th 
weeks (P<0.05). Controls did not show a signifi-
cant effect of time interval (protocol evolution).  
 
Silver stained nucleolar organizing regions 
(AgNOR) increased within fibroblasts of the ex-
perimental group (median = 4 granules/
nucleus) at all time intervals in relation to con-
trol group (median = 2 granules/nucleus) 
(P<0.0001). Again, time interval (protocol evolu-
tion) did not have an effect on experimental nor 
control groups. Figure 6 show dark brownish 
clusters of AgNORs within the nuclei in experi-
mental specimens, more easily identified than 
within nuclei of the control group at 16th week.  
 
Apoptotic cells seemed to be more frequent and 
diffusely distributed in tendinosis samples than 
in control groups. However, in most of the 
TUNEL reactions, significant parts of the sam-
ples detached even from silanized slides, dis-
abling morphometry and statistical analysis, 
due to the smaller number of representative 
images.  

Discussion 
 
The microscopical results of our study, involving 
cellularity, microtearing, reticular fibers and gly-
cosaminoglycans, obtained at three different 
intervals (four, eight and sixteen weeks after 
protocol start) are in concordance with the his-
tological patterns of tendinosis as described in 
humans [8, 9, 17, 18] and in other similar mod-
els [6, 7, 19].  
 
Microscopically, collagen fibres were progres-
sively disorganized and showed increased mi-
crotearing, besides hipercellularity with more 
rounded nuclei, similar to described by others 
[7-10]. Neovascularisation as described by 
Khan et al. [3] and Szomor et al. [20] was not 
addressed in our study, but no evidence of in-

Figure 5. Percentual of glycosaminoglycans deposi-
tion in experimental and control groups, in 3 time 
intervals. GAGs were higher in all experimental ani-
mals than in controls, in all time intervals. The sym-
bols (†, ‡,*) represent significant statistical differ-
ence. 

Figure 6. Representative histological sections (5 mm, 
AgNOR, 100x objective) of the longitudinal axis of 
the central region of the tendon. Increased AgNORs 
expression seen as brownish nuclear granules in 
experimental (B) as compared to control (A) group at 
16th week. 
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creased angiogenesis could be detected. It is 
important to confirm the absence of inflamma-
tory cells within our samples, as described by 
other authors [5, 6]. Similarly, no adipous and 
fibrocartilaginous metaplasia were evident in 
opposition to described by Riley et al. [21].  
 
Cellularity was significantly higher in the experi-
mental compared to the control group, in all 
time intervals. Increased cellular density was 
discussed by several authors [6-10, 22]. How-
ever, in our study time interval (4, 8 and 16 
weeks) did not have a significant effect on ex-
perimental nor control groups. It demonstrates 
that even early in the pathogenesis of a tendino-
sis (at 4 weeks) an increased cellular density 
may be present and does not change with the 
continued exposure to the aggressive factor.  
 
Interstitials gaps representing microtearing 
were more intense in tendinosis than in control 
groups, at all studied time intervals. Microtear-
ing among the collagen fibres is described by 
several authors [6-10, 19, 22]. However, our 
morphometrical approach showed a higher het-
erogeneity at 4th and 8th weeks in experimental 
group, which did not happens in control group. 
Therefore time interval did have a significant 
effect only in experimental group. These find-
ings corroborate with the inference that proc-
essing artefacts are not involved in generating 
microtearing. Nevertheless, if both control and 
experimental samples were processed at the 
same time and conditions, and if an artefact 
may play a role, we should expect similar micro-
tearing intensity in both groups. It is clear that 
microtearing was significantly higher in experi-
mental animals than in controls and increased 
as time intervals increased only in that group.  
 
Intense microtearing among the fibres may be 
associated with the greater percentual of reticu-
lar fibers found in the experimental group at all-
time intervals. At the sixteenth week, reticular 
fibers (most likely type III collagen) were pre-
dominant, accounting for almost 60% of all the 
tendon’s fibers in our study. This is consistent 
with the reported by Maffulli et al. [23] that fi-
broblasts harvested from a torn Achilles tendon 
produce more type III collagen than from a 
healthy tendon. Ireland et al. [24] and Jones et 
al. [25] also demonstrated a higher gene ex-
pression to type III collagen in tendinosis. That 
may help explain why tendinosis usually show a 
tendency to reduce the resistance to stress, 

becoming more predisposed to a partial or a 
total rupture.  
 
Glycosaminoglycans increased in the experi-
mental animals when compared to the controls, 
at all time intervals in our study. That was also 
reported by other authors [6, 7, 18]. Biochemi-
cal analyses suggest significant increased glyco-
saminoglycans content [5, 18]. Our morphomet-
rical approach innovate showing that glycosami-
noglycans content was increased at the 16th 
week compared to the 4th and 8th week. That 
may play a role in keepin hydration and interfi-
brillar spacing beyond contribute of tendon’s 
viscoelastic properties.  
 
Silver stained nucleolar organizing regions in-
creased within fibroblasts in animals with tendi-
nosis at all-time intervals in comparison to con-
trol groups. Counting of the nucleolar organizing 
regions within nuclei provides a cellular activity 
status since it correlates with active DNA tran-
scription [15]. Scott et al. [5] also demonstrated 
an increased tenocytes activity by assessing 
proliferation (mitosis). The AgNORs counting is 
consistent with the above, as increased cellular-
ity and extracellular matrix (increased reticular 
fibres and glycosaminoglycans) were also found 
in this study.  
 
Apoptotic cells appeared to be increased and 
more diffusely distributed in tendinosis samples 
than in control group, as described by others 
[17, 26]. However, only few images were avail-
able to analysis, because in most of the TUNEL 
reactions, significant parts of the samples de-
tached from the silanized slides. Different proto-
cols were attempted, but results were not con-
sidered to be adequate to carry out morphome-
try and statistical analysis, due to the small 
number of representative images. Therefore, in 
terms of apoptosis, there is only a qualitative 
description as results. Problems in immunohis-
tochemistry processing are also reported in ten-
don samples by Glazebrook et al. [6]. Anyway, 
evidence of more frequent and diffuse apop-
tosis taken together with AgNORs results appar-
ently support an increased cell turn over in ex-
perimental group. 
 
Results obtained in this study support the hy-
pothesis that the tendon is attempting to adapt 
to the persistent overuse. Cell numbers are in-
creased (mitosis), showing higher nucleolar or-
ganizing regions (active transcription). Also cells 
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are differentiating to produce more cellular ma-
trix components (collagen and glycosaminogly-
cans) in an attempt to increase turn over and 
repair the tissue. Further it seems that the pre-
dominant synthesis and deposition of reticular 
fibers (most likely type III collagen), as an initial 
and faster step to substitute degenerated colla-
gen, is associated with mechanical and bio-
chemical deterioration, as suggested by Scott et 
al. [27]. 
 
Another interesting approach to explain the 
pathogenesis of tendinosis should consider the 
mecanotransduction concept, which is the ca-
pacity of answering to loads in order to keep 
tissue homeostasis [28, 29]. According to 
Provenzano et al. [30], fibroblasts show surface 
invaginations with collagen fibrils that can trans-
mit force. This cellular mechanism implies that 
the load is capable to deform extracellular ma-
trix and be transmitted to the cellular mem-
branes and/or cytoskeletons. In response to 
this mechano-sensorial system (tensegrity), an 
adaptive metabolic reply is induced [31, 32]. 
Therefore, overuse can induce gene expression 
with consequent morphological alterations that 
may be implicated in a degenerative status, 
without classic necrosis and inflammation. As a 
suitable period of rest is not available for ten-
don complete repair, it is reasonable to infer 
that gene expression leads the tissue to degen-
erative alterations [33], such as the ones pre-
sented here.  
 
Tendon injury can occur either in the midsub-
stance of the tendon, as in its muscular origin or 
at its enthuses - insertion to the bones. En-
thuses show a complex architecture with obliq-
uity of collagen fibers, tissular transitions with 
condrocytes and glycosaminoglycans rich re-
gions [5]. Due to this complex conformation, in 
this study focus was directed only to the central 
region of the longitudinal axis of the tendon, 
easier to deal with. Also that was useful to pre-
vent false inferences such as chondroid meta-
plasias and variations in glycosaminoglycans 
content. 
 
Biomechanics of the quadrupeds’ gait is based 
on propeller posterior members and on deceler-
ated anterior members [34]. In our protocol, a 
10º uphill treadmill and a high speed were 
used. The uphill inclination optimized the con-
traction of the muscles of the posterior mem-
bers in the impulse phase during running. Re-

cently, Glazebrook et al. [6] also demonstrated 
that a 10º uphill treadmill was useful in induc-
ing Achilles tendinosis in rats. In our experi-
ment, the higher speed amplified the overload-
ing the Achilles tendon, since the relation tri-
ceps surae/tendon is greater than the supraspi-
natus/tendon, according to Magnusson and 
Kjaer [35]. By the other hand, Huang et al. [36] 
used a 10º downhill treadmill, which did not 
generate the eccentric contraction of triceps 
surae. Thus the biomechanics of this gait did 
not reproduce the desired effect. Moreover, 
gravity worked in favour of the propulsion of the 
animals. 
 
In conclusion our results showed that Achilles 
tendinosis can be induced, with little or no evi-
dence of inflammatory reaction, by using an 
overuse uphill animal running model. This ap-
proach has provided new information suggest-
ing that as mechanical overload is becoming 
chronic, cellular turnover and matrix deposition 
increases leading to tendinosis. The combina-
tion of staining techniques and morphometry 
used here to describe the evolution of lesions 
occurring in a rat model system has proved to 
be suited for the study of induced Achilles tendi-
nosis.  
 
Future research should be directed at using this 
model to investigate the molecular and bio-
chemical mechanisms involved in the patho-
genesis, as well as the effect of several physical 
and pharmacological therapies in the Achilles 
tendinosis.  
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