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Abstract Since tendons are subjected to repeated motion
and degeneration over time, they are prone to both acute
and chronic injuries. In addition, the blood supply to the
tendon is generally poor; as a result, healing often
progresses slowly. Autogenic, allogenic and xenogenic
tendon transplantations have been performed in reconstruc-
tive tendon surgery. There is no report on ostrich
(xenograft) tendon transplantation to other species. The
aim of this study was to evaluate ostrich flexor tendon
transplantation in a rabbit model. Seven male New Zealand
white rabbits 1 year old and weighing 4.0±0.5 kg were
used in this study. Approximately 3 cm of the superficial
flexor tendon was resected, and created defects were filled
in all rabbits with 3-cm harvested ostrich chick tendon and
sutured with 2/0 polypropylene in a single Modified
Kessler suture pattern. The main histopathological and
gross evaluation showed graft necrosis and sequestration.
Our results showed that ostrich tendon displays severe
antigenicity and elicits a vigorous inflammatory reaction
and is, therefore, not recommended for use as a xenogenic
tendon graft for the replacement of tendons or ligaments.
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Introduction

Tendons are soft connective tissues consisting of parallel
collagen fibres embedded within an extra-cellular matrix
(Lin et al. 2004). Tendons connect muscle to bone and
transmit tensile force generated by muscles to move and
stabilise joints. They must be capable of resisting high
tensile forces with limited elongation (Best et al. 1989;
Buckwalter and Hunziker 1996). However, as tendons are
subjected to repeated motion and degeneration over time,
they are prone to both acute and chronic injuries (Lin et al.
2004). Barfred (1973) suggested that Achilles tendon
ruptures can occur in a normal tendon if an excessive load
is applied (Barfred 1973). Blood supply to the tendons is
reported to be poor; therefore, healing often progresses
slowly (Clancy 1983; Harner et al. 1995; Kuo et al. 2003).
The healing process in tendons results in the formation of a
fibrotic scar. The structural, organisational and mechanical
properties of this healed tissue are inferior to normal tendon
(Frank et al. 1999). Although these properties improve over
time, they do not return to normal levels, even after long
periods (Frank 1996; Frank et al. 1999). Rogers et al.
(1995) proposed that xenografts are highly attractive as
they carry small risk of infectious disease, do not
compromise the patient’s remaining tissues and may have
the same structure as the component being replaced (Rogers
et al. 1995). Autogenic, allogenic and xenogenic tendon
transplantations have been done previously (McMaster
1985; Rodeo 1993; Strickland et al. 2003). Also, artificial
tendon has been used in man (Dong and Sheng 1988).
Autogenic and allogenic transplantation of tendons have
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been performed with varying degrees of success (Taniguchi
and Tamaki 2000). Hamstring tendon graft has been used
for anterior cruciate ligament reconstruction (Gordia and
Grana 2001). Transplantation of bovine foetal tendon in a
rabbit model has been performed successfully (Dehghani et
al. 2005). Repair of tendon gap by bovine foetal tendon
transplant in the horse has been also done before (Dehghani
and Varzandian 2007). Karakurum et al. (2003) previously
showed that the ostrich tendon has excellent strength during
biomechanical evaluations (Karakurum et al. 2003). They
showed that flexor tendons of the ostrich are an excellent
source of tendons of good quality and have adequate
length. There is no report on ostrich (xenograft) tendon
transplantation in other species. Therefore, the purpose of
this study was to evaluate ostrich flexor tendon transplan-
tation in a rabbit model.

Materials and methods

Preparation of ostrich tendon

One-week-old ostrich chick cadavers were referred to the
Department of Poultry Science for diagnosis of nutritional
deficiency. Digital flexor tendons were retrieved aseptically
through a paratendinous incision of approximately 5 cm,
transferred to a sterile container, cut and shaped immedi-
ately and preserved in sterile saline solution at −20 . Prior
to transplantation, the preserved tendons were thawed at
room temperature for about 1 h (Scottish National Blood
Transfusion Service (SNBTS) Tissue Service 2005).

Animals

Seven male New Zealand white rabbits, 1 year old and
weighing 4.0±0.5 kg were used in this study. The research
protocol for this experiment was approved by the University
Research Committee.

Surgical technique

Animals were anaesthetised with ketamine (40 mg/kg, IM)
and xylazine (5 mg/kg, IM). The left or right hind leg
(randomly selected) was shaved and prepared aseptically
with povidon iodine and the limb draped with sterile
drapes. The skin was incised on the lateral part of distal
third of the tibia over the tendons; the fascia and tendon
sheath were incised. About 3 cm of the superficial flexor
tendon was resected, and the created defect was filled with
3 cm harvested ostrich chick tendon and sutured with 2/0
polypropylene in a single Modified Kessler suture pattern
(Fig. 1). The tendon sheath was sutured over the trans-
planted tendon completely in all groups.

Post-operative evaluation

The operated leg was bandaged after the operation and
post-recovery; the rabbits were individually housed in a
restricted area to limit their movement. Clinical parameters
including appetite, activity, infection, bleeding and wound
dehiscence were evaluated daily.

Histopathological evaluation

Fifteen weeks after the operation, the rabbits were euthanised
pharmacologically for histopathological evaluation. For all
rabbits, the graft-tendon unit was resected, fixed in 10%
formalin and processed to wax. Two 5-µm sections were cut
from the centre of each specimen and were stained with
haematoxylin and eosin. The sections were individually
evaluated by a pathologist blinded to the treatment.

Results

Clinical evaluation

All rabbits showed normal activity and appetite, and there
was no evidence of clinical complications such as local
infection or wound dehiscence. In all rabbits, the skin was
freely movable across the implant site.

Gross evaluation

The transplanted tendon was difficult to determine as the
transplant area lacked any continuity or solid integration
and had a yellowish colour in appearance, with evidence of
graft contraction and degeneration (Fig. 2).

Fig. 1 Ostrich tendon transplantation in a rabbit
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Histopathological finding

The main histopathological findings observed in all animals
with the xenograft consisted of graft necrosis and seques-
tration (Fig. 3). A large number of macrophages or
epithelioid cells, eosinophils and foreign body-type giant
cells were seen around the necrotic debris (Fig. 4). These
structures were surrounded with collagenous connective
tissue infiltrated by lymphocytes and plasma cells.

Discussion

In this study, a superficial digital flexor tendon defect
model was created to evaluate ostrich tendon transplanta-
tion as a new xenograft in a rabbit model. The Achilles
tendon or common calcaneal tendon has its origin in five
muscles that give rise to three tendinous components: the
gastrocnemius, superficial digital flexor, biceps femoris,
gracilis and semitendinosus (Dyce et al. 1996). Complete

rupture of the Achilles tendon is rare in domesticated
animals. Rupture of the gastrocnemius tendon and the
superficial and deep flexor tendons are more common in
small animals and large animal practice (Bertone 1995).

The main objective of the study was to determine
whether an ostrich tendon graft could provide a grafting
structure that enhanced the surgical repair of tendon
defects. The results showed that the transplanted tendon
was rejected and showed signs of degeneration in the
transplanted area. The gross and microscopic observations
almost 3 months after surgical transplantation indicated that
all of the seven tendon xenografts were rejected by the
recipient rabbits. There was microscopic evidence of
significant tissue reaction in the rabbits with grafts. A
vigorous inflammatory response was observed toward the
xenogenic ostrich tendon, the degree of increased cellular-
ity and the presence of extensive polymorphonuclear and
monocyte cell infiltrates indicate that ostrich tendon is
highly antigenic. This finding is supported by several
studies that have shown inflammatory infiltrates composed
of lymphocytes, plasma cells, histiocytes and polymorpho-
nuclear leukocytes and a response characteristic of a giant
cell foreign body reaction (Allen et al. 1987; Tauro et al.
1991; Milthorpe 1994).

In our study, degeneration and resorption of the grafted
material were observed in gross evaluation. Milthorpe (1994)
showed that xenogenic graft materials were resorbed rapidly
and replaced with amorphous scar tissues by 3 weeks post-
transplantation. However, a study by Dehghani et al (2005)
showed successful transplantation of bovine foetal tendon in
a rabbit model.

It has been reported that the processes of fresh-freezing,
freeze-drying or cryo-preserving allograft tissue significantly
reduces the immunogenicity of the tissue by killing

Fig. 2 Note yellowish degenerated xenogenic (ostrich tendon) tendon
graft (white arrow)

Fig. 3 Xenograft necrosis and sequestration (haematoxylin and eosin,
×100)

Fig. 4 Note the accumulation of macrophages or epithelioid cells and
a few eosinophils around necrotic debris of the xenogenic graft
(haematoxylin and eosin, ×1,000)
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fibroblasts within (Arnoczky et al. 1986). Although we
stored the ostrich tendon at −20ºC before transplantation, we
still observed vigorous inflammatory reactions and signs of
graft rejection in the histopathological evaluation.

Conclusion

Overall, our results showed that ostrich tendon exhibits
severe anti-genicity and elicits vigorous inflammatory
reaction as such its use is not recommended as a xenogenic
tendon graft for the replacement of tendons or ligaments.
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