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INTRODUCTION
Rupture of the Achilles tendon has become the most common type of sports related tendon rupture with an
estimated incidence of 12 ruptures / 100,000 people annually1. Recovery times are still long and re-rupture
rates substantial2. Improvement of Achilles tendon rupture healing requires intervention at the cellular level
of the healing process. Studies have documented beneficial effects of individual growth factors on tendon
healing3. It appears that optimal healing requires a delicate balance of a variety of growth factors; injections
of platelet concentrates that release a mix of growth factors into the hematoma of severed Achilles tendons
increases tendon callus strength and stiffness. No such improvement was apparent when single growth fac-
tors TGF!1 or FGF2 were injected4. By exposing whole blood to glass spheres Meijer et al. obtained serum
enriched in anti-inflammatory cytokines7 and elevated concentrations of growth factors. When injected lo-
cally, autologous conditioned serum (irap-ACS) was found to be beneficial in the treatment of osteoarthri-
tis, rheumatoid arthritis, spinal disorders and muscle injuries6-9. Aim was to evaluate whether ACS may im-
prove the healing of ruptured Achilles tendons.

MATERIALS AND METHODS
Achilles tendon healing Animals
Eighty adult male Sprague-Dawley rats, 400-425 g were used. Animals were randomly assigned to an ex-
perimental and a control group of 40 rats each. The irap group received ACS injections 24, 48 and 72 hours
postoperatively, while the control group did not receive injections. At weeks 1, 2, 4 and 8, ten animals from
both groups were sacrificed and Achilles tendons were removed for testing (7 for biomechanical testing, 3
for histology).

Surgery
A 3 cm incision was made above the right Achilles tendon, the superficial tendon was exposed and the peri-
tendineum opened. The tendon was transected perpendicular to the collagen fibers, creating a gap 5 mm
proximal to the calcaneal insertion of the tendons. The plantar tendon was transected to prevent internal
splinting. After transsection, the Achilles tendon was sutured with PDS II 0/2 with a Kessler–Kirchmeyer
stitch. The subcutaneous layer and skin were closed by a continuous suture with Prolene 0/4. The rats re-
ceived twice daily buprenorphine (0.06 mg/kg) for two days.

Conditioned Serum (ACS)
Serum was conditioned by incubating pooled rat blood for 9 hours at 37°C in Orthokine® (irap) syringes
containing glass beads. After incubation, samples were centrifuged, conditioned serum collected and frozen
in 0.2 ml aliquots at -20°C for later injection under the skin in the area of the Achilles tendon suture. Cy-
tokine levels were determined with ELISA (R&D Systems): mouse/rat PDGF-BB; rat VEGF; and TGF!.

Real Time Quantitative PCR
Twenty Achilles tendons of the left leg were collected at week 8 for real time quantitative PCR experiments.
Tendons were placed into 6 well plates with irap ACS and without ACS for 7 days. RNA was extracted from
tissue specimens. RNA was reverse-transcribed. Single-strand complementary DNA (cDNA) was amplified for
detection. Relative gene expression was calculated and normalized to GAPDH, utilizing instrument software.

Histology
Tendons were fixed in 4% buffered formalin (pH 7.4) for 24 hours, dehydrated and embedded in paraffin
wax. Tendons were stained with hematoxylin/eosin. COL I and III were detected and ratios quantitated by
Collagen stain / Col III antibody stain.
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Biomechanical testing
The tendons were not preconditioned or cyclically stretched prior to tensile testing. Force–displacement
curves were recorded and transferred to PC for subsequent data analysis. Load to failure (N) (peak of curve)
and stiffness (N/mm) were measured.
Statistical analysis Data were analyzed for normal distribution by the method of Kolmogerov-Smirnov. Sig-
nificance between groups was determined with the one-tailed Student T test. The level of significance was
set to p <0.05.

RESULTS
Effect of conditioned serum on collagen mRNA expression
Incubation of Achilles tendons in ACS for 7 days caused substantial increases in collagen I and collagen III
mRNA over levels in untreated tendons. The expression of collagen I mRNA was more than 5 times high-
er than that of collagen III.

COL deposition in healing tendons
Sirius red staining did not reveal differences in collagen deposition at week 2, but a distinctly increased col-
lagen I content was apparent at week 8 in tendons from ACS-treated animals. This is supported by quanti-
tative immunohistochemical analysis with a COL III specific antibody. In ACS-treated animals, COL III
content at weeks 1, 2 and 8 was 1/3 that of control rats.

Effect of ACS on Achilles tendon histology
In tendons of ACS-treated rats, collagen fibers were apparent as early as week 1 (vs 2) postoperatively. These
collagen fibers were visibly thicker and more bundled than in tendons of control animals. This trend to-
wards better organized collagen continued in week 2 at which time bundled collagen became apparent. Nu-
merous fibrocytes but also some fibroblasts were found between the collagen fibrils. Four weeks postopera-
tively, there was a distinct overall tendon-like appearance with thick collagen bundles and cells oriented
along the tension fibers. At 8 weeks postoperatively, tendons had a smooth appearance resembling normal
tendons with small fibro cartilaginous areas in the center of the stress areas.

Effect of ACS on biomechanical properties
ACS treatment increased tendon thickness at the site of healing. However, tendon treated with ACS,
reached stiffness values at week 4 (ACS: 52.24±14.73 vs C: 39.22±10.05; p=0.038) seen only after 8
weeks in controls (ACS: 54.09±16.78 vs C: 52,89±20.53), not showing differences in failure between
groups.

CONCLUSION
Achilles tendon healing requires the interplay of various growth factors. Stimulation of cell proliferation,
chemotaxis, angiogenesis, cell differentiation and specific gene expression are necessary. High expression
of COL I appears to be induced by ACS. ACS supplementation of cultured tendon explants increased
expression of COL I and III mRNA. Wright-Carpenter und Meijer report increased growth factors
(FGF2, TGF!1) in ACS5,7,8. Our analysis of COL type content in tendons from ACS treated animals
showed marked increase of COL I and decrease of COL III. Differences between control vs treatment
group were apparent. Wright and Aspenberg document an effect of ACS or platelet concentrate admin-
istration on the histology of the healing tendon and muscle4,7. No differences in failure load or stiffness
between treatment and control group were detected. Only significant improvement of tendon stiffness at
4 weeks postoperatively was detected. Lack of biomechanical differences at all time points may reflect
the choice of suture used. In view of a possible clinical application of ACS in ruptured tendon healing,
studies on the dose-response relationship and use of conditioned sera with differing growth factor con-
tent are indicated.
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