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Summary
Carpal chip fractures are common causes of lameness in racehorses. Due to disadvantages in surgical management, adjuvant
treatment modalities are usually necessary. Adipose-derived stem cells (ADSCs) have the potential to differentiate into other cell
types including bone and cartilage cells. Adipose-derived stromal vascular fraction (SVF) is produced during ADSCs isolation from
adipose tissue. The purpose of this report was to present the successful management of a grade III chip fracture in the right carpus of
a 5-year-old Thoroughbred gelding by intra-articularly injected autologous SVF one month after the arthroscopic removal of the
fracture. This treatment resulted in lameness improvement and short rehabilitation period to previous racing activities. High
performance levels and no recurrent injuries were recorded during a twenty month follow-up period.
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Introduction
Carpal chip fractures, a common cause of poor
performance in racehorses, are presented with synovial
effusion and various degrees of lameness. Pain is
considered to be associated with their close attachment to
synovial membrane, the release of debris into the joint
cavity and injuries of the apposing articular surface. The
pathogenesis of chip fractures can be summarized in the
following mechanisms:
i) Sclerosis of subchondral bone due to biomechanical
stress during training or racing that leads to ischemic
necrosis and fragmentation of the original tissue
ii) Fracturing of periarticular osteophytes formed in case
of osteoarthritis (McIlWraith and Bramlage, 1996)
Chip fractures can be classified by arthroscopy into
the following grades according to McIlWraith’s criteria
for articular damage:
Grade Ι: Characterized by minimal articular cartilage
fibrillation or fragmentation at the edge of the defect left
by the fragment, extending no more than 5 mm from the
fracture line
Grade ΙΙ: Characterized by articular cartilage
degeneration over 5 mm from the defect and including
up to 30% of the articular surface
Grade ΙIΙ: Characterized by loss of 50% of the articular

cartilage
Grade ΙV: Characterized by severe bone loss associated
with the fracture (McIlwraith et al., 1987)
Arhtroscopic removal of chip fractures has been
indicated in order to alleviate clinical signs and prevent
development of osteoarthritis (McIlwraith et al., 1991).
Although arthroscopic surgical techniques have been
well developed, they have limitations and thus the use of
autologous biological mediators that improve tissue
regeneration has recently been under investigation in
both human and veterinary medicine (Monteiro et al.,
2015). Adipose-derived stem cells (ADSCs), among
other mesenchymal stem cells, have the potential to selfrenew and differentiate in other cell types including bone
and cartilage cells (Erickson et al., 2002; Zheng et al.,
2006; Mehlhorn et al., 2009). Adipose-derived stromal
vascular fraction (SVF) is produced during the isolation
of ADSCs from adipose tissue (Gimble et al., 2007; Zuk,
2013) and has been suggested as a promising alternative
for cartilage regeneration (Jurgens et al., 2009).
The purpose of this report was to present the
successful clinical outcome of a grade III carpal chip
fracture in a racehorse managed by intra-articular
injection of autologous adipose-derived SVF that was
performed one month after the arthroscopic removal of
the fracture.
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Case presentation
A 5-year-old Thoroughbred gelding in training was
presented with severe 2-month lameness of the right
forelimb, grade 3 according to the American Association
of Equine Practitioners (AAEP) grading system
(Anonymous, 1991). It had undergone arthroscopic
removal of a chip fracture from the right intercarpal joint
6 months prior to presentation. Clinical examination
revealed a slightly distended right intercarpal joint and a
positive carpal flexion test. A thorough radiographic
examination revealed a chip fracture in the distal ridge of
the intermediate carpal bone and osteophytes formation
(Fig. 1).
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and washing with phosphate-buffered saline solution
(PBS), was treated in equal volume of PBS containing
100 U/ml type I collagenase (Biochrom, Berlin,
Germany) for 1 h and under constant agitation. The
digested tissue was then centrifuged at 300 g for 30 min
in order to separate the SVF pellet, which was then resuspended in PBS and washed twice. The final pellet was
re-suspended in a mixture of 10% horse’s autologous
serum, 10% dimethyl sulfoxide (DMSO) and 2%
hydroxyethylstarch (Haes-Steril 200®) in PBS. The mean
total of viable nucleated cells, counted using a Newbauer
plate and trypan blue, was 20 × 106 cells. The cell
suspension was placed in a cryovial, gradually cooled at
a rate of 1°C per min up to -80°C and stored in liquid
nitrogen until use. On the day of application, the cell
suspension was rapidly defrozen at 40°C, washed with
PBS and re-suspended in autologous horse serum, so as
to obtain a total volume of 4 ml of SVF. The right carpal
area was prepared aseptically and SVF was injected in
the intercarpal joint. Thereafter, the horse continued to
be confined in a box for another month, followed by
increasing levels of hand-walking exercise. Lameness
evaluation according to the AAEP grading system was
performed every month until the horse was discharged.

Results
The horse returned to racing 4 months after the
arthroscopic removal of the chip fracture, achieving
excellent success rates. During the twenty month followup period, it sustained no injuries or recurrent lameness
and maintained high performance levels.

Discussion

Fig. 1: Lateromedial view of the right carpal joint in a
racehorse. Note a chip fracture in the distal ridge of the
intermediate carpal bone and osteophytes formation in the
dorsal aspect of this bone

After an initial box rest and non-steroidal antiinflammatory drugs (NSAIDs) therapy for 5 days, the
horse underwent arthroscopic excision of the chip
fracture in a routine manner (McIlwraith, 2005). The
fracture was diagnosed during arthroscopy as grade III,
whereas radiographic examination revealed its successful
removal. NSAIDs and antibiotics were administered for
5 days post-operatively, the carpal region was bandaged
and the horse was confined to box rest.
One month after the chip fracture removal, however,
it was decided to enhance healing by injecting intraarticularly autologous adipose-derived SVF, because
lameness evaluation revealed no clinical improvement.
After harvesting of 20 g of adipose tissue from the region
above the dorsal gluteal muscles, the isolation of
adipose-derived SVF was performed based on standard
techniques used in humans (Tzouvelekis et al., 2011).
The adipose tissue, after mincing with a surgical blade
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Current surgical strategies for treatment of articular
cartilage injuries result, in most cases, in degenerative
articular changes and pain, mainly because of the
avascular nature of cartilage tissue and the low
cell/matrix ratio, in conjunction with the poor self-repair
capacity of mature chondrocytes (Cui et al., 2009). It is
therefore obvious that treatment modalities adjuvant to
surgery are most welcome.
In the last decades, regenerative medicine based on
the use of growth factors and stem cell therapy has
become increasingly popular. In most of the limited
studies performed in humans or equines on articular
cartilage defects and osteoarthritis, bone marrow
mesenchymal stem cells were used, alone or in
combination with other cellular therapy products, giving
encouraging results (Monteiro et al., 2015). Adipose
tissue has been considered an easily accessible source of
an abundance of adult mesenchymal stem cells which
can differentiate along multiple lineage pathways,
especially osteogenic and chondrogenic (Erickson et al.,
2002; Zheng et al., 2006; Mehlhorn et al., 2009; Sofa
and Kuttapitiya, 2014). In animal models, studies
evaluating the efficacy of ADSCs on cartilage
regeneration have provided promising results (Dragoo et
al., 2007; Cui et al., 2009; Veronesi et al., 2014).
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Adipose-derived SVF contains a significant number of
cells that have characteristics of multipotent stem cells
(Zuk, 2013). In the present case report, the use of
adipose-derived SVF was chosen taking into
consideration the practicability and safeness provided by
the harvest technique, the easy preparation technique and
the low cost.
In equine medicine, Frisbie et al. (2009) evaluated
the effect of intra-articularly administered adiposederived SVF or bone marrow-derived mesenchymal stem
cells on a specific osteoarthritis (middle carpal joint)
model in horses and reported that there were not
significant enough findings to recommend stem cell
therapy. On the contrary, Kol et al. (2012) found that
adipose-derived SVF, among other examined autologous
cellular therapy products, could be indicated for treating
orthopaedic lesions in horses, as far as it contains
mediators that have intrinsic healing function. A study on
591 horses that underwent arthroscopic removal of carpal
chip fractures revealed return to racing with equal or
better athletic performance post-operatively in the 71.1%
of grade I, the 75.0% of grade II and the 53.2% of grade
III injuries (McIlwraith et al., 1987). In our study, in
which the horse had a grade III carpal chip fracture, the
combination of surgical treatment and intra-articular
injection of adipose-derived SVF resulted in an improved
and permanent healing outcome compared to the single
arthroscopic removal of the first chip fracture that
relapsed six months post-surgery. The horse not only
returned to its previous performance levels but also had
no re-injuries during the follow-up period of 20 months.
However, properly conducted clinical trials are
warranted before claims implying the therapeutic
efficacy of adipose-derived SVF (or ADSCs in general)
can be made.
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