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severed Achilles tendon in sheep: histological study
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de Gran Canaria, Arucas, Spain; dArtroscopia GC, Hospital Quirón, Barcelona, Spain

ABSTRACT
Tendon injuries are the most frequent musculoskeletal problems, constituting 30–50% of all sport-related
lesions. Efficient handling of early stage tendon injury and healing can accelerate tendon repair as well as
improve the quality of newly formed tendons. Plasma rich in growth factors (PRGF) is an autologous
biological therapy that has been proposed to treat tendon injuries. To elucidate the effect of this
treatment on the early stage of tendon healing, 14 sheep were used to perform the present study. The
right Achilles tendon was surgically severed and repaired with sutures. Seven animals were treated
with PRGF and the other seven with saline solution after surgical tendon reconstruction. Tendons were
ultrasound-guide infiltrated 1 week after the induced injury. Two weeks later, the sheep were
euthanized and histochemical and immunohistochemical analyses were performed. The tendons with
PRGF showed reduced infiltration of inflammatory cells compared to those treated with saline solution.
Analysis of the blood vessels, morphometric data of fibroblast nuclei, and collagen fibres in the
extracellular matrix did not show statistical differences between groups. These findings suggest the
important role that PRGF therapy plays in the modulation of inflammatory response in Achilles tendon
injuries, leading to acceleration of the tendon healing process, shortening the convalescence period.
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1. Introduction

Musculoskeletal injuries present a significant social issue
because of its substantial impact on quality of life, and sub-
sequent economic consequences (Anitua, Sanchez, Nurden,
Nurden, et al. 2006). Tendon injuries are the primary musculos-
keletal issues, constituting 30–50% of all sport-related lesions
(Jarvinen et al. 2005), and present a considerable challenge
due to slow tendon healing capacity and high re-injury rate
(Sharma & Maffulli 2006; Hope & Saxby 2007; James et al. 2008).

Plasma rich in growth factors (PRGF) is a type of platelet-rich
plasma (PRP), characterized by a moderate platelet concen-
tration (two- to threefold above peripheral blood), absence of
leukocytes and erythrocytes (Anitua et al. 2012), and apparently
innocuous nature (Vilar et al. 2017). PRGF is considered a useful
autologous therapy proposed to improve tendon repair
(Sanchez et al. 2007; Fernandez-Sarmiento et al. 2013; Seijas
et al. 2015; Lopez-Najera et al. 2016).

During the inflammatory phase of tendon healing, different
subtypes of inflammatory cells are sequentially attracted to the
damaged area (Marsolais et al. 2001). In addition, an angiogenic
stimulus is produced, and the synthesis of new capillaries allows
for the transport of oxygen and nutrients to the developing
tissue (Butler et al. 2004; Hope & Saxby 2007). Previous
studies have shown the importance of inflammation and angio-
genesis modulation in tendon injuries (Dakin et al. 2014;

Manning et al. 2014). The growth factors and other active pro-
teins secreted by platelets play an important role in the modu-
lation of inflammatory response and the induction of a rapid
increase in specific cell populations, including endothelial
cells, migrating fibroblasts, and resident cells of the tendon
(Andia et al. 2010; Zhang et al. 2013). Some in vitro and in
vivo PRP studies reported anti-inflammatory effects mainly
explained by the activity of Hepatocyte growth factor (HGF)
and transforming growth factor beta 1 (TGF-β1) (Bendinelli
et al. 2010; Fernandez-Sarmiento et al. 2013; Mazzocca et al.
2013; Zhang et al. 2013).

In tendon rupture, the extracellular matrix (ECM) is syn-
thesized in order to fill the gap in between the tendinous
stumps. At the molecular level, collagen type III synthesized
as the primary ECM protein is replaced by collagen type I,
which gives rise to natural tendon mechanical strength
(Sharma & Maffulli 2006; Wang 2006; Hope & Saxby 2007). Mor-
phometric parameters of fibroblast nuclei have been evaluated
as indicators of maturation of tendon tissue during the healing
process (Fernandez-Sarmiento et al. 2013). Additionally, the
packing and orientation of collagen fibres have been used as
a parameter to assess tendon ECM, as well as the proportion
of collagen types I and III in the newly formed tendon (Kaux
et al. 2012; Fernandez-Sarmiento et al. 2013; Lane et al. 2013).
Furthermore, several animal models have been designed with
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the aim of studying the influence of PRP on several tendo-liga-
mentous structures (Kaux et al. 2012; Lane et al. 2013; Yoshioka
et al. 2013). Histological results have varied depending on the
study. These differences may be attributed to measurements
at different time points of study and/or different methodologies
used to obtain PRP. Long-term effects of PRGF application on
Achilles tendon injury in human medicine have been studied
in the clinical setting (Sanchez et al. 2007).

To our knowledge, the effect of PRGF at the early stage of
Achilles tendon reparation has not been studied in acute
tendon injury. Previously, our group studied the effects of
PRGF at 4 and 8 weeks after a surgically induced Achilles
tendon injury in a sheep model. The aim of this study was to
evaluate the histological effect of PRGF on tendon healing at
2 weeks. Our hypothesis was that PRGF leads to tendons with
less inflammatory cell infiltration, therefore accelerating the
beginning of proliferative and remodelling phases of tendon
repair, thereby improving overall tendon healing.

2. Methods

2.1. Animals

Fourteen mature ewes weighing 50–55 kg and aged 24–30
months were included in the study. The animals belonged
to the Experimental Farm of the University of Córdoba. All
sheep used in this study were deemed healthy beforehand
and did not suffer from any orthopaedic or systemic con-
ditions. The animals were randomly placed into one of two
groups: PRGF group (n = 7) or Saline group (n = 7), depending
on receiving a subsequent treatment with PRGF or saline sol-
ution, respectively. The study was supervised and accepted
by the Bioethics Committee in animal research at our
institution.

2.2. Experimental model

The surgical procedure was performed following an animal
model previously reported (Fernandez-Sarmiento et al. 2013).
The animals were sedated intramuscularly with xylazine
0.1 mg/kg and morphine 0.3 mg/kg. Subsequently, anaesthesia
was induced using propofol, intubated via endotracheal tube,
and maintained under general anesthesia using isoflurane.

The right hindlimb was clipped and aseptically prepared. A
lateral incision across the Achilles tendon was performed in
order to completely severe it. The tendon and peritenon
were sutured as previously described elsewhere (Fernandez-
Sarmiento et al. 2013). In order to protect the repaired
tendon, the tarsal joint was immobilized using a medial
type I transarticular external fixator. Benzylpenicillin plus dihy-
drostreptomycin, at doses of 15,000 IU/kg and 15 mg/kg,
respectively (Shotapen LA™; Virbac Animal Health, Barcelona,
Spain), was administered intramuscularly at the time of
surgery and at 72 h post-surgery to prevent infections.
Analgesic buprenorphine 0.02 mg/kg/8h (Buprex™ 0.3 mg;
Schering-Plough, Madrid, Spain) was administered intramuscu-
larly for 5 days after surgery. No anti-inflammatory drug was
used. The sheep were kept under surveillance and post-oper-
ative care during hospitalization.

2.3. PRGF preparation and injection on repaired area

Twenty millilitres of blood was collected from the jugular vein of
each animal in four 5 mL sterile tubes containing 3.8% triso-
dium citrate as anticoagulant. The blood was centrifuged at
630 g for 8 min according to the method reported to obtain
PRGF in ovines (Anitua, Sanchez, Nurden, Zalduendo, et al.
2006). The fraction considered PRGF was selected with the
use of a pipette, obtaining a total volume of 2 mL per animal.

Surgically severed Achilles tendons in the PRGF group were
injected with activated PRGF before closing the peritendon.
Activation of PRGF was performed using 0.1 mL of 10%
calcium chloride. Afterwards 1 mL of PRGF was inoculated intra-
tendinously into each stump using a 23-gauge needle. In the
saline group, 1 mL of saline solution plus 0.05 mL of 10%
calcium chloride was injected into each side of the surgically
severed Achilles tendon. PRGF or saline solution infiltration
was repeated 1 week later by ultrasonographic guidance with
the animals under deep sedation. At both infiltrations, during
the surgery and 1 week later, the syringe was covered with
tape in order to double-blind the experiment. All the animals
were humanely euthanized at 2 weeks, 1 week after the
second infiltration, by using a standard protocol with T61™
(Intervet Schering-Plough Animal Health; Salamanca, Spain).

2.4. Histological study

After the animals were euthanized, both Achilles tendons were
fixed in 10% formalin. The intact tendon was used as a positive
control. Two paraffin blocks, proximal and distal stumps, were
obtained from each surgically treated tendon and one block
from the positive control. From each block, eight 4-µm-thick
non-consecutive paraffin sections were cut. The sections were
mounted on slides, and two were stained with haematoxylin
and eosin (HE), two with Masson trichrome (MT), two were
used for immunohistochemical (IHC) analysis of collagen type
I, and two for IHC analysis of collagen type III.

Histological images were obtained via a photomicroscope
(Axiophot; Carl-Zeiss, Oberkochen, Germany) with an attached
digital camera controller (DS-L1 camera control unit, Nikon).
Slide sampling was performed in a systematic randomized
manner by superimposing dotted transparent acetate gel
onto each slide. From MT-stained sections and IHC-stained sec-
tions for collagen types I and III, 10 histological images per slide
were obtained at 200× magnification. From HE-stained sections,
10 histological images per slide were obtained at 100× magni-
fication, 10 histological images per slide at 200× magnification,
and 10 histological images per slide at 630× magnification.
These histological images were analysed in a computer
equipped with image-analysis software (Image Pro Plus,
version 6.0; Media Cybernetics, Rockville, Maryland). In order
to not influence the histological evaluation, a number was ran-
domly assigned to each slide and assessed by two independent
pathologists. After the evaluation, the author determined which
group each slide belonged to.

The morphometric parameters of fibroblast nuclei were
evaluated by using the images captured at 630× magnifi-
cation from HE-stained sections. The following quantitative
parameters were calculated for each fibroblast nucleus: area
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(µm2), perimeter (µm), major axis (µm), minor axis (µm), and
roundness [(perimeter)2/4 × Pi × area]. Nuclear aspect ratio
(NAR) was also calculated as the fraction between the major
and minor axes, being used as an indicator of nuclear
shape, from spindle to circular shape, the latter corresponding
to a value of 1.00. Nuclear orientation angle (NOA) was defined
as the angle between the major axis of the fibroblast nuclei
and the longitudinal tendon axis.

Fibroblast density was calculated by the use of histological
images from HE-stained sections captured at 630× magnifi-
cation. Furthermore, vascular density and vascular diameter
were quantified with the use of histological images captured
at 100× magnification from HE-stained sections.

The grade of inflammation was evaluated by using histologi-
cal images from HE-stained sections captured at 200× magnifi-
cation. A semi-quantitative grading scale of 5 points was
designed considering the distribution and intensity of inflam-
matory cell infiltration, where 0 corresponded to the absence
of inflammation and 4 to severe inflammation (Table 1). The
scale was a modification of a previously reported model
(Manning et al. 2011).

Histochemical study of collagen fibres was performed on
images captured at 200× magnification from MT-stained
slides. A 5-point semi-quantitative grading scale reported in
previous studies (Fernandez-Sarmiento et al. 2013) was used
to evaluate both the packing and orientation of collagen
fibres along the longitudinal tendon axis (Tables 2 and 3).

IHC analysis was performed for collagen type I (Rabbit anti-
bovine collagen type I; Millipore; California, USA) and type III
(Rabbit anti-rat collagen type III; AbD Serotec; Kidlington, UK).
Positive reaction was detected by using chromogen 3,3-diami-
nobenzidine tetrahydrochloride (Sigma) before counterstaining
with Harris’s haematoxylin. A 5-point semi-quantitative grading
scale, previously reported (Crovace et al. 2008), was used to
evaluate both the extension and intensity of the positive reac-
tion against collagen types I and III (Table 4).

2.5. Statistical analysis

The data were statistically evaluated using SPSS 17.0 software
(SPSS Inc., Chicago, USA). All variables were analysed for nor-
mality of distribution by the Kolmogorov–Smirnov test. The
morphometric data of fibroblast nuclei, fibroblast density, vas-
cular density, and vascular diameter are expressed as mean ±
standard deviation. The quantitative parameters were analysed

with a non-paired t-test. Non-parametric variables (grade of
inflammation, packing and orientation of collagen fibres, and
IHC study of collagen types I and III) were analysed with the
Mann–Whitney test. Values are expressed as median ± range.
The significance level was standardized at P < 0.05.

3. Results

There were no preoperative or post-operative complications
and all animals remained healthy during the period of study.

The data on morphometric changes in fibroblast nuclei for
the PRGF and saline groups at 2 weeks are presented in
Table 5. Unoperated positive control tendons showed spindle-
shaped tenocyte nuclei. The NAR value increased significantly
in both PRGF- and saline-treated tendons, where fibroblast
nuclei exhibited an oval shape characterized by an NAR value
higher than in normal tendons. The tenocyte nuclei in normal
tendons were highly aligned with respect to the longitudinal
tendon axis. The NOA showed a significant increase for PRGF
and saline groups in comparison with normal control
tendons, which indicated that the fibroblast nuclei were not
aligned with respect to the longitudinal tendon axis. None of
the remaining morphometric variables of fibroblast nuclei eval-
uated (major axis, minor axis, roundness, area, or perimeter)
presented statistical differences between PRGF- and saline-
treated tendons.

Normal Achilles tendon is characterized by low cellular
density. After surgically severing the Achilles tendon, a signifi-
cant increase in fibroblast density was detected in all the
tendons injected with either PRGF or saline solution. Statistically
significant differences were not registered between PRGF and
saline groups (Table 5).

Blood supply was evaluated by quantifying the vascular
density and diameter of the capillaries. Normal tendons exhib-
ited a low vascular density with small diameter capillaries. Two
weeks after surgery, the vascular density and diameter in PRGF
and saline groups showed a significant increase compared
with normal tendons. No statistically significant differences
were observed between PRGF and saline groups (Table 5).

Inflammatory status 2 weeks after surgically severing Achilles
tendons was evaluated by using a semi-quantitative grading
scale (Table 6). Normal tendons exhibited the absence of

Table 2. Semi-quantitative 5-point grading scale to evaluate the packing of
collagen fibres.

Score Histological description

4 Homogeneous formation of tightly packed collagen bundles
3 Regular formation of densely packed collagen bundles
2 Regular formation of moderately packed collagen bundles
1 Irregular formation of loosely packed collagen bundles
0 Prevalence of amorphous extracellular substances

Table 3. Semi-quantitative 5-point grading scale to evaluate the orientation of
collagen fibres.

Score Histological description

4 Collagen fibres parallel to the longitudinal tendon axis
3 Collagen fibres slightly angled to the longitudinal tendon axis
2 Collagen fibres with a moderate angle to the tendon axis
1 Collagen fibres markedly angled to the longitudinal tendon axis
0 Collagen fibres without any specific orientation

Table 1. Semi-quantitative 5-point grading scale to evaluate the grade of
inflammation from inflammatory cell infiltration.

Score (0–4) Histological description

0 Absence of inflammatory cells
1 Slight: less than 10 isolated inflammatory cells per field, without the

formation of aggregation
2 Moderate: less than 10 isolated inflammatory cells per field, with 1–3

minor inflammatory cell aggregations of perivascular distribution
3 Strong: less than 10 isolated inflammatory cells per field, with 1–2

major inflammatory cell aggregations of perivascular distribution,
and with or without 1–3 minor inflammatory cell aggregations of
perivascular distribution

4 Severe: inflammatory cell infiltration homogeneously spread in the
entire field, with minor and major inflammatory cell aggregations
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inflammatory cell infiltration. Both PRGF-treated tendons and
those injected with saline solution showed a significant increase
in the amount of inflammatory cells infiltrated along the tendi-
nous tissue in comparison with healthy tendons. Lymphocytes
were the main inflammatory cells observed within the inflam-
matory infiltrate. PRGF-treated tendons exhibited significantly
lower inflammatory cells when compared to the saline group.
Histologically, tendons treated with PRGF did not exhibit
strong or severe inflammation (Figures 1(a,b) and 2).

Collagen fibre analysis was carried out using histological
images stained with MT (Table 7). The packing and orientation
of collagen fibres in the intact tendon presented as homo-
geneous collagen fibre bundles, tightly packed and parallel to
the longitudinal tendon axis. At 2 weeks post-injury, a disorgan-
ization of collagen fibres was observed in both groups of study,
showing a decrease in both packing and orientation variables.
The statistical comparison between the PRGF and saline
groups did not show a detectable difference (Figure 1(c,d)).
The IHC assessment revealed an increase in collagen type III
in both PRGF and saline groups in comparison to normal
tendons. However, no statistically significant differences were
observed between PRGF and saline groups. With regard to col-
lagen type I, a positive reaction was observed for both PRGF and
saline groups, although there was no statistical difference in the
extension of the positively stained area (Figure 3).

4. Discussion

Tendon healing with no appearance of recurrences is the objec-
tive of an effective therapeutic strategy.

PRGF is an autologous treatment that accelerates tissue
regeneration and the recovery period, improving the quality
of the tissue repaired to decrease relapse incidence (Anitua
2001; Sanchez et al. 2007; Fernandez-Sarmiento et al. 2013;
Anitua et al. 2015; Seijas et al. 2015). Few studies have been per-
formed to evaluate the effect of PRP on early stages of tendon
regeneration (Lyras, Kazakos, Verettas, Botaitis, et al. 2009; Lyras,
Kazakos, Verettas, Polychronidis, et al. 2009; Spang et al. 2011;

Kaux et al. 2012; Lane et al. 2013). To our knowledge, PRGF
has not been employed to evaluate its histological effect on
the early stage of Achilles tendon healing at 2 weeks after
surgery.

In our study, a significant increase in fibroblast density was
observed in the PRGF and saline groups compared to the
control group. Fernandez-Sarmiento et al. (2013) observed a
lower fibroblast density in tendons injected with PRGF than in
those treated with saline solution at both 4 and 8 weeks. This
difference can be explained by the more advanced healing
stage in PRGF-treated tendons. Therefore, PRGF induces notice-
able histological changes at the level of cellular components
more than 2 weeks after injection in surgically severed Achilles
tendons. The morphometric parameters of fibroblast nuclei
were also evaluated in the current study. The NAR value
increased in surgically severed tendons in both treatment
groups, indicating that injured tendons had ovoid-shaped
cells, in contrast to the spindle-shaped morphology seen in
intact tendons. This increase in the nuclear aspect is associated
with higher cellular activity, in order to produce the ECM, mainly
collagen, to fill and repair the discontinuity created by surgical
injury (Platt 2005; Sharma & Maffulli 2006; Wang 2006; Hope &
Saxby 2007). The NOA parameter of tenocytes in intact tendons
was aligned along the axis of tendon tension. At 2 weeks after
tendon division, disorganization in fibroblast nuclei was
observed in all the injured tendons. An increase in NOA value
was observed in both PRGF and saline groups. In concordance
with this finding, Spang et al. (2011) reported no histological
differences in surgically damaged patellar tendons in rats
treated with PRP compared with saline at 2 weeks. Fernan-
dez-Sarmiento et al. (2013) did not detect any statistical differ-
ences between PRGF- and saline-treated tendons in NAR or
NOA variables at 4 weeks after surgery. In contrast, significant
changes were observed in fibroblast nuclei of the PRGF-
treated group at 8 weeks, which had a more elongated shape
and were highly aligned with respect to the longitudinal
tendon axis than in tendons injected with saline solution.

Table 4. Semi-quantitative 5-point grading scale to evaluate both the extension
and intensity of the immunohistochemically positive reaction against collagen
types I and III.

Score Histological description

4 Intense: more than 80% with high intensity staining
3 Moderate: more than 80% with moderate intensity staining
2 Slight: 50–80% with mild intensity staining
1 Very slight: less than 50% with very mild intensity staining
0 Absent: without positive reaction

Table 5. Morphometric data from fibroblast nuclei, fibroblast density, vascular density, and vascular diameter in normal, saline, and PRGF groups.

Morphometric data Normal Saline group PRGF group P

NAR 0.06 ± 0.01 0.47 ± 0.04 0.47 ± 0.03 0.85
Nuclear orientation angle (deg) 2.64 ± 0.90 15.50 ± 2.51 15.63 ± 4.15 0.95
Major axis (µm) 31.11 ± 4.16 12.83 ± 0.46 12.72 ± 0.38 0.68
Minor axis (µm) 1.93 ± 0.28 5.66 ± 0.27 5.67 ± 0.23 0.93
Roundness 7.44 ± 0.84 1.44 ± 0.06 1.42 ± 0.04 0.60
Area (µm2) 44.80 ± 11.92 57.18 ± 1.93 56.71 ± 2.23 0.73
Perimeter (µm) 62.35 ± 7.64 31.65 ± 0.65 31.40 ± 0.64 0.56
Fibroblast density (fibroblasts/mm2) 227.78 ± 97.81 3125.46 ± 678.90 3641.90 ± 411.50 0.18
Vascular density (vessels/mm2) 0.47 ± 0.66 31.14 ± 9.68 21.63 ± 7.60 0.12
Vascular diameter (µm) 5.50 ± 1.13 24.82 ± 2.28 25.43 ± 1.90 0.66

Table 6. Inflammatory cell infiltration in normal, saline, and PRGF groups.

Percentage of specimens receiving
each score Normal

Saline
group

PRGF
group P

Severe (4 points) – 16.0% –
Strong (3 points) – 28.0% –
Moderate (2 points) – 56% 4.0%
Slight (1 point) – – 56.0%
Absent (0 point) 100% – 40.0%
Median score (points) 0 ± 0 2 ± 1 1 ± 0 0.004*

*Significant difference between PRGF and saline groups (P < 0.05).

474 D. AGUILAR-GARCÍA ET AL.



Thus, PRGF therapy induced a favourable effect at the level of
maturation in healing tissues at later stages (Fernandez-Sar-
miento et al. 2013).

After Achilles tendon damage, an initial inflammatory phase
occurs and vasoactive agents and a wide variety of cytokines

are released (Sharma & Maffulli 2006; Hope & Saxby 2007). In
this study, capillaries in the histological analysis of normal
intact Achilles tendons were nearly inexistent. However, a sig-
nificant increase in capillary density and diameter was observed
in both PRGF and saline groups. According to this finding, Fer-
nandez-Sarmiento et al. (2013) reported no differences in these
parameters at 4 weeks of injury. In contrast, at 8 weeks PRGF-
treated tendons showed faster vascular regression than saline
solution-treated tendons, with a significant decline in vascular-
ization in the PRGF group. This may be indicative of a more

Figure 1. Representative histological sections stained with HE (a and b) and MT (c and d), from surgically severed Achilles tendons in sheep, treated with PRGF (a and c) or
saline solution (b and d). Inflammatory cells infiltration was clearly higher in the saline group (arrow) than in the PRGF group.

Figure 2. Distribution of frequencies of grade of inflammation shown in histologi-
cal images captured from normal, saline-, and PRGF-treated tendons. The tendons
treated with PRGF did not exhibit strong or severe inflammation.

Table 7. Packing and orientation of collagen fibres in normal, saline, and PRGF
groups.

Packing of collagen fibres

Normal
Saline
group

PRGF
group P

Percentage of specimens receiving
each score

Grade 4 100% – –
Grade 3 – 10.5% 2%
Grade 2 – 80% 83.5%
Grade 1 – 9.5% 14.5%
Grade 0 – – –
Median grade 4 ± 0 2 ± 2 2 ± 2 1.00

Orientation of collagen fibres
Percentage of specimens receiving
each score

Grade 4 100% – –
Grade 3 – 9.5% 11.5%
Grade 2 – 63.5% 68.5%
Grade 1 – 24.5% 19.0%
Grade 0 – 2.5% 1.0%
Median grade 4 ± 0 2 ± 3 2 ± 3 1.00
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advanced tendon healing status in comparison with the saline
group (Fernandez-Sarmiento et al. 2013).

Inflammatory response is necessary in tendon repair,
although high levels of pro-inflammatory cytokines may result
in collateral tissue damage and impair tendon healing
(Manning et al. 2014). Thus, modulation of the inflammatory
phase is beneficial in the repair of a tendon injury. In our
study, normal Achilles tendons had no inflammatory cell infiltra-
tion at the histological level. Two weeks after surgically induced
injury, Achilles tendons treated with PRGF showed significantly
reduced inflammatory cell infiltration than those injected with
only saline solution. These data may suggest an anti-inflamma-
tory effect of PRGF on the early stage of Achilles tendon healing.
In addition, Fernandez-Sarmiento et al. (2013) described the
same tendency at the later stages of healing (4 and 8 weeks
after the surgery), with lower inflammatory cell infiltration in
Achilles tendons treated with PRGF. It may suggest a role of
PRGF on the modulation of the inflammatory phenomenon
during the early phase of tendon repair. HGF and TGF-β,
growth factors contained in PRGF, have been associated with
a significant role in the anti-inflammatory effect in human car-
tilage and tendon injuries in in vitro experiments (Bendinelli
et al. 2010; Zhang et al. 2013).

The balance between the positive and negative effects
which diminish or inhibit inflammation in tissue repair indicates
that fine modulation of the early inflammatory phase of healing
may be beneficial to tendon healing (Dakin et al. 2014; Manning
et al. 2014). Consequently, the anti-inflammatory effect of PRGF
on early stage Achilles tendon healing at 2 weeks may promote

the repair process of the tendon reported at 4 and 8 weeks (Fer-
nandez-Sarmiento et al. 2013). In this way, a moderate supra-
physiological concentration of growth factors might
accelerate the early healing process, as well as initiate a more
advanced stage of tissue repair maturation in surgically
severed Achilles tendons.

PRP, and particularly PRGF, has been studied in clinical set-
tings to stimulate patellar tendon healing on the donor site in
bone–tendon–bone anterior cruciate ligament reconstruction
(De Almeida et al. 2012; Seijas et al. 2015). De Almeida et al.
(2012) noted that there were less anterior knee pain and
shorter recovery times in patients treated with PRP with
respect to the control group. It is well known that tissue inflam-
mation is frequently associated with pain, which is of primary
concern in clinical practice (Ferreira et al. 1978). The anti-inflam-
matory effect induced by PRGF may promote local analgesia.

Tendons are rich in collagens, the most abundant being type
I, constituting 95% of the total collagen (Wang 2006). Intact
tendons in our study were formed by the homogeneous for-
mation of tightly packed collagen bundles, and collagen
fibres were oriented parallel to the longitudinal tendon axis.
Analysis of collagen fibres showed a loss in both packing and
orientation after 2 weeks in both the PRGF- and saline-treated
animals. In concordance with the present study, Spang et al.
(2011) showed no differences in collagen fibres of patellar
tendons treated with PRP or saline after 2 weeks of an acute
injury in rats. However, PRGF-treated tendons were reported
to have significantly more well-organized packing and orien-
tation of collagen fibres than in the saline group at both 4

Figure 3. Representative histological sections immunostained for collagen types I (a and b) and III (c and d), from surgically severed Achilles tendons in sheep treated with
PRGF (a and c) or saline solution (b and d).
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and 8 weeks (Fernandez-Sarmiento et al. 2013). In our study,
tendon healing evaluated at 2 weeks was too immature to per-
ceive remarkable changes in ECM collagen fibre organization
between the PRGF and saline groups.

An IHC analysis was performed to estimate the amount of
collagen types I III present in the healing tendon. Our results
showed no differences between the study groups for either col-
lagen type III or I estimation. These results are supported by
another study previously performed (Kaux et al. 2012). No differ-
ences between PRP and saline groups were detected in the
expression level of collagen types I and III measured by RT-
PCR at 2 weeks after the complete separation of Achilles
tendon in rats (Kaux et al. 2012). This result supports that in a
precocious stage of tendon healing, PRGF does not trigger a
detectable difference in collagen type I or III production.

Two limitations may be considered in the present study.
First, the study involves just one time-point analysis of the
tendon healing process, at 2 weeks after the surgically
induced injury. Our group performed this study as a continu-
ation of a previous similar experiment. The goal of the current
study was to clarify the role that PRGF plays in the early
tendon healing stage. Second, biomechanical testing was not
performed to check the functional effect of PRGF on injured
Achilles tendons. The fact that we observed no differences in
fibroblasts and collagen fibre evaluation between the PRGF
and placebo groups suggests that no differences should be
detected at the biomechanical level.

5. Conclusion

In conclusion, PRGF did not lead to remarkable differences
regarding the morphometric data of fibroblasts, fibroblast
density, vascular density and vascular diameter, as well as
ECM evaluation. However, the evaluation of the inflammatory
status showed reduced inflammatory cell infiltration in
severed Achilles tendons treated with PRGF, compared to the
tendons treated with saline solution. This may suggest the
active role of PRGF in the modulation of inflammatory response
in early stage tendon healing. Thus, the anti-inflammatory effect
of PRGF on early phase tendon regeneration may help acceler-
ate the early healing process and play a critical role in more
advanced stages of tissue repair.
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