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Abstract:

BACKGROUND: Growth plate is responsible for bone elongation and its injury could result in severe
orthopedic problems.

OBJECTIVES: This study was aimed to investigate the radiographic changes after transplanting the
fresh autogenous ear cartilage impregnated with PRP and MSc in treatment of growth plate injury in
lamb.

METHODS: Cranial half (’2) in length in full depth of the right hind limb growth plate was resected
with bone oscillator and was transplanted with autogenous fresh harvested ear cartilage at the time of
surgery in all of the 15 male lambs. Subsequently they were divided into 3 subgroups of 5 lambs in each
group, control, PRP and MSCs. Radiographs were obtained from operated limbs at surgery time and 60
post-operative.

RESULTS: Clinically, all lambs showed same lameness degree and mostly apparent after cast removal
but gradually improved in the treated group which showed normal weight bearing after one month. Ear-
ly physeal closure was seen in growth plate injured site only in control group without limb shortening
or angular deformity. Lambs with MSCs showed mild bone bridge formation (1.4b + 0.4b) as compared
with PRP group (1.8 £ 0.37ab) and control group (2.8 = 0.2 a) (P<0.05).0On 60 days postoperatively
control group showed significant mineralization (by 2.840.2a) while less mineralization was detected in
MSCs and PRP groups (by 1.4+ 0.4b and 2.4+ 0.4 ab).

CONCLUSIONS: This study showed that MSCs & PRP can quite effective in preventing bone bridge
formation and mineralization besides convergence of the transplanted tissue into growth plate cartilage.
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Fresh cartilage for treatment of growth plate
Introduction

Growth plates exist in the metaphysis of
growing animal and children. They con-
sist of a hyaline cartilage layer that is in-
volved in the longitudinal growth of long
bones. As it is prone to various type injuries
(Saheri et al., 2015). It is common to have
a bony bridge formation at the injury site
when the growth plate is injured by trau-
ma even by fractures, tumours, infection or
side effects after radiation therapy. Injured
growth plate cartilage and the bony bridge
can result in leg length discrepancy, angu-
lar deformities and rotational deformities
(Dabash et al., 2018, Apte and Kenwright
1994, Salamon, 2013, Chung 2014). Apart
from trauma, other causes of physeal inju-
ry include infection, neoplasm, radiation,
ischemia metabolic abnormalities, thermal
injury, sensory neuropathy, and iatrogenic
injury (Jawetz et al., 2015). To overcome
these problems, we focused on ear carti-
lage. This has been used as a satisfactory
graft for surgery in lamb model of animal.
No major side effects have been reported
over long observation periods. In this study,
ear cartilage was transplanted for treatment
of a partial growth plate injury in a lamb
model to evaluate its healing ability. It has
been highly cited that cartilage is a high-
ly differentiated tissue and therefore has a
limited capacity for self-repair. Recently,
several studies (Aston and Bentley1986,
Cunnifte 2017, Brittberg et al., 1994) have
been reported of the successful repair of os-
teochondral defects by the transplantation
of cultured chondrocytes, but the method
requires that a sufficient number of cells are
obtained from the donor site in the articular
cartilage (Brittberg et al., 1996, Erickson,
2017). Osteochondral progenitor cells or
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mesenchymal stem cells are undifferentiat-
ed cells found in small numbers in the prei-
osteum or in the bone marrow which are ca-
pable of differentiation to chondroblasts or
osteoblasts (Yoshida, 2012). These cells are
able to re-establish chondrogenesis during
the developmental process when implant-
ed in osteochondral defects (Wakitani et
al., 1994). The successful repair of a large,
full-thickness defect by the implantation of
cultured mesenchymal osteochondral pro-
genitor cells isolated from the periosteum
and bone marrow in the rabbit was reported
(Wakitani, et al., 1994; Awang et al., 2013,
Lie Xie et al., 2014). So we have planned
to investigate radiographic changes while
using a biological material such as ear car-
tilage impregnated with mesenchymal stem
cells from bone marrow and PRP from
peripheral blood samples for repairing of
growth plate, these materials definitely po-
tentiate the differentiation of grafted carti-
lage into variable cells including fibroblasts
and chondroblasts.

Material and Methods

This protocol was approved by the Eth-
ics Committee for the Analysis of Research
Projects by the Experts Research Committee
in the Faculty of Veterinary Medicine Uni-
versity of Tehran, Protocol 2345/95/2016.
All lambs received human care in compli-
ance with the experimental protocols of the
Ethical Principles in Animal Experiments
adopted by the Faculty of Veterinary Medi-
cine Research Committee (FVMRC). For in
vivo study, fifteen 4 month-old male lambs
weighing 15 to 20 Kg/bw were housed five
per box and were given food and purified
tap water. Before experiment all lambs were
acclimatized to their new environment for 2
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weeks. They were subsequently subdivided
into 3 subgroups of five lambs in each group
control, PRP and MSc group. On operation
day lambs were taken off feed for 12 h and
water was withheld for 6 h. The lambs were
given intramuscularly KetariarR (ketamine
HCL, 11mg/kg)* and Rompun (xylazine
HCL, 0.22 mg/kg)°. Lambs were placed in
a sterile field on a heated surgery table and
after proper positioning endotracheal intu-
bation was done and they were connected
to anesthetic machine with AErrance (iso-
flurane 1-2 % for maintenance)°. The late-
ro-medial portion of proximal right tibia in-
cluding stifle joint was shaved and subjected
to disinfection with betadine 7.5 % and last
touch with betadine 10% and sprayed with
septicidine and then covered with a sterile
surgical drape.

The skin incision was given longitudi-
nally 5 cm in length, on the latero-medial
surface of the tibia region and after careful
separation of subcutaneous tissue the me-
taphyseal area was well exposed. Before
surgery the exact growth plate line was
radiographyically demarked and with the
help of bone oscillator exactly half of the
full length (%2) of growth plate with full
thickness 5 mm in width was resected in all
lambs. The collected sample of ear cartilage
2 cm in length and 1 cm in width was trans-
plantation in the bony gap in control group
(I) (Figure 1), whereas the sample was im-
pregnated with 1ml PRP and infiltrated after
transplantation in group II whereas in group
(I1T) the cartilage samples were impregnat-
ed with 2 ml MSCs broth and infiltrated
after transplantation in excavated space.
The area was sutured as routine. Coaptation
splint was used for 15 days for better stabil-
ity of hind limb.

PRP Preparation: In order to prepare
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autologous PRP, five lambs were selected
and anesthetized.10 ml venous whole blood
was collected from each lamb and imme-
diately transferred into tubes containing
anticoagulant (ACD). Blood samples were
centrifuged (SmartPReP2, Centrifuge, Har-
vest Plymouth .MA) for 5 min at 2000 RPM
so that three separate layers were formed
based on density of blood components. The
buffy coat layer was closely collected by a
sampler and transferred into a separate tube
which was centrifuged for a second time for
5 min at 2000 RMP so that PRP portion was
obtained from the surface. 1.5 to 2.5 ml of
PRP product was obtained. A volume of 1
ml of PRP containing 882+199x10° plate-
let/ul was used for each lamb (Salma et al.,
2013).

Bone-Marrow—Derived MSCs: In order
to collect bone—marrow derived mesenchy-
mal nonhemopoietic cells (BM-MSCs), one
month before the actual experiment, five
lambs were selected and anesthetized and
under strict asepsis using Jamshidi bone
marrow needle 4ml bone marrow was col-
lected from iliac crest region and immedi-
ately transferred into a 5 ml syringe with 2
ml Dulbecco,s Phosphate Saline (PBS), 2%
Fetal Bovine Serum (FBS, stem cell Tech-
nologies) and 5 IU heparin/ml connected
with a hypodermic needle (20G/40mm)
then bone marrow blood (4 ml) was deposit-
ed over 3 ml of Ficol Paque ™ PLUS (Stem
cells Technologies, Vancouver Canada) in a
50 ml conical tube and centrifuged for 30
min at 400 xg. The mononuclear cells were
washed once with PSB containing 2% FBS
before being plated in tissue culture flasks
at a density of 4000 cells per cm2. The iso-
lated MSCs were cultured in MesenCult®
MSC Basal Medium supplemented with
MesenCult® Mesenchymal Stem Cell Stim-

285



Fresh cartilage for treatment of growth plate

ulatory Supplements (STEMCELL Tech-
nologies) at 370 °C in a humidified incuba-
tor with 5% CO2.The adherent MSCs were
passaged at 60-80% confluence. At passage
2, 1x10% MSCs were resuspended in 50 pl
culture medium and then mixed with 50 pl
2% alginate. Of the alginate mixture, 40 pul
(containing 4x10°MSCs) was added onto
the PGA scaffold and alginate polymeriza-
tion was subsequently initiated with CACI2
(100mM). Finally, MSCs were embedded
within alginate gel (Lew et al., 2016, Pau-
line & Yee 2015).

Post—Operative care: After surgery, the
lambs were kept warm until they recovered
consciousness. Antibiotic intramedicine? 1
ml for each 10 kg, Vitacoid® 2ml I.M and
Vitaforte’ 2 ml .M were administered ev-
ery 24 h for five days. During the time they
were kept housed, and skin sutures were re-
moved on 12 post-operative days.

Radiographic analysis: Each lamb was
subjected to radiological examination on
the day of transplantation and 60 days post-
operatively. The operated right tibias were
radiographed using an MX-20 Cabinet
X-ray System under specific conditions (35
kV, 300 pA and 240 s). For the radiographic
evaluation, the extent of bone bridge for-
mation and mineralization was considered
(Figure 2). The medial proximal tibia an-
gle (MPTA), defined as the angle between
the mechanical axis of the tibia and proxi-
mal tibia articular surface, was measured at
eight weeks post-operatively. The proximal
tibia articular surface was defined as the
line from the medial corner of the articular
surface to the lateral corner of the articular
surface. The mechanical axis was defined as
the line from the center of the articular of
the knee to the center of the articular of the
foot.
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Table 1. Bone bridge formation study showing means and
stander errors in control, PRP and MSC groups after 60
days of grafting. ab Different letters within column indi-
cates significant differences (P< 0.05).

group Before surgery  After surgery  After 60 days

control 0.00 0.00 2.8+0.22
PRP 0.00 0.00 1.8+0.37
MSCs 0.00 0.00 1.4+0.4°

Table 2. Stages of mineralization study showing means
and stander errors in control, PRP and MSC groups after
60 days of grafting. abDifferent letters within column indi-
cates significant differences (P< 0.05).

group Before surgery  After surgery  After 60 days

control 0.00 0.00 2.8+0.2°
PRP 0.00 0.00 2.4+0.4%
MSCs 0.00 0.00 1.4+0.4°

Statistical analysis: Data were analyzed
statistically, and values are expressed by
median. Normality of the variables was
assessed. In order to assess whether there
was any difference the Repeated Measure
Analysis of Variance was used, level of
significance was accepted at P<0.05. Data
were analyzed using the statistical package
SPSS17.0 (Chicago, IL).

Results

No reactions or complications were ob-
served before and after operation in the an-
imals of the three groups (MSCs, PRP, and
control groups). Two months after inducing
physeal defect in the proximal tibia and
autogenous cartilage transplantation, early
physeal closure was seen in the growth plate
injured site of control group without limb
shortening or angular deformity. On the con-
trary, the physeal closure was not observed in
MSCs or PRP groups where the transplant-
ed autogenous cartilage covered with MSCs
or PRP (Figure 2). Results measurement of
bone bridge development table (1) and (Fig-
ure 3) show that the damaged growth plate
of proximal tibia transplanted with autoge-
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Figure 1. Schematic showing the surgical procedure. The medial half of the growth plate of the right proximal tibia was
drilled from the inside using a high-speed steel bur, and injured in full (1/2) length and 5 mm in width. Fresh autogenous ear

cartilage was transplanted to the excavated space.
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PRP(B), and MSCs (C) groups.

nous cartilage covered with MSCs have a
mild bone bridge formation (1.4b + 0.4b) as
compared with both PRP groups in which
the physeal defect is filled with autogenous
cartilage covered with PRP (1.8 + 0.37ab)
and control group with autogenous cartilage
transplantation only (2.8 = 0.2 a) (P<0.05).
Concerning the influence of PRP, a trend to
more bone bridge prevention in PRP-group
compared to control group was detected 60
days postoperatively. The measurement of
mineralization of the injured growth plate
site in the control group where autogenous
cartilage was transplanted without MSCs
or PRP revealed significant mineralization
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Figure 2. Radiographic images showed bone bridge formation and mineralization in 60 days postoperatively in control (A),

(by 2.8+0.2%), while in the MSCs and PRP
groups mineralization was less than control
group (by 1.4+ 0.4b and 2.4+ 0.4 ab) Table
(2) and Figure 4.

Discussion

Physeal injuries are common and are
crucial to recognize, as morbidity and the
sequelae of missed physeal injury are not
easily remedied. Trauma, both acute and
chronic, is by far the most common cause of
physeal injury. While acute traumatic events
may result in physeal damage, chronic low-
grade trauma such as in overuse injuries
can also injure the vulnerable growth plate.
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Figure 3. bone bridge formation in injured growth plate in
control, PRP and MSCs groups after 60 days postopera-
tively. ab Different letters among groups indicates signifi-
cant differences (P<0.05).

With increasing youth involvement in orga-
nized sports, (Paterno et al., 2013) the phe-
nomenon of overuse injuries is a frequent
reality among children. The intense training
schedules, intense focus on a single sport,
and lack of off-season rest all contribute to
the overuse injuries seen in children (Da-
vis 2010). In the current age of competitive
sports, 53% of children between the ages
of 5 and 17 years sought medical care for
an overuse injury in the cohort evaluated
(Stracciolini et al., 2014). But debate per-
sists as to whether the incidence of pediatric
sports-related injuries is actually increasing.
Whether the incidence of injury is trending
upward, this article aims to highlight the
utility of imaging in the medical workup of
this patient population.

Our hypothesis was that the healing of
a growth plate defect would be promoted
by providing an excessive amount of mes-
enchymal stem cells capable of differenti-
ating into cartilage or bone in accordance
with the surrounding milieu (Dirsko and
Charles 2009, Goldberg 1999). Because the
artificially-induced defect reached subchon-
dral bone, mesenchymal cells would also
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Figure 4. Stages of mineralization in injured growth plate
in control, PRP and MSCs groups after 60 days postopera-
tively. ab Different letters among groups indicates signifi-
cant differences (P<0.05).

be recruited, although in small amounts,
from underlying bone marrow in the con-
trol group. The newly-formed cartilage of
the experimental group would be more re-
sistant to degenerative changes than that of
the control group. The junction between the
regenerated cartilage and the surrounding
normal cartilage could be identified without
difficulty and could become a starting point
for cartilage degeneration after our exper-
imental period of 60 days. One theoretical
advantage of implanting mesenchymal stem
cells is that they are undifferentiated cells
capable of more mitotic divisions. Mam-
malian cells have an almost fixed number
of possible cell divisions after which they
undergo programmed cell death (Cotran
1999). Chondrocytes are highly differenti-
ated, and cells expanded in culture would
have a more limited capacity for prolifera-
tion after implantation in the osteochondral
defect. Our results agreed with those of re-
corded research (Takahashi et al., 1995),
who used an autogenous callo-osseous graft
as a source of mesenchymal stem cells for
the repair of osteochondral graft in rabbits
(Takahashi et al., 1995). Obtained imaging

Iran J Vet Med., Vol 12, No 4 (Autumn 2018)



Alaa Ahmed Al-Dirawi., et al.

from all the lambs offers clinically relevant
information about areas of physeal injury.
The radiographic results showed that, the
mild bone bridge formation and amount of
mineralization was in MSCs and PRP then
Control group. We therefore assumed that
the chondrocytes had potential to be alive
and active. Moreover, in the operated con-
trol, the growth plate was discontinuous,
whereas the growth plate in the MSCs and
PRP groups was continuous. In summa-
ry, there were two differences between the
transplantation of ear cartilage. First, there
were no varus deformities in the PRP and
MSCs group than in the control group. Sec-
ond, the cartilage was continuous in the
MSCs & PRP groups, whereas it was dis-
continuous in the group control with no
varus deformities. Despite no difference in
the bony bridge rate between the PRP and
MSCs groups. The cartilage that was im-
pregnated with MSCs broth was at the same
level as the normal growth plate for eight
weeks after operation. In contrast the PRP
image shown moved to the distal side as the
tibia grew longitudinally. This might have
been because ear cartilage is biological ma-
terial. Therefore, autogenous ear cartilage
may be more suitable as an interpositional
material, supporting our assumption that the
growth plate cartilage was partially repaired
by ear cartilage impregnated with MSCs
transplantation. However, a long-term func-
tional analysis using larger animal models
is required to prove the repair of growth
plate defect functionally.

In conclusion: Noninvasive imaging is
extremely important in the management of
pediatric patients with physeal injuries, both
in the acute traumatic and chronic overuse
settings. Radiographs have roles in evalu-
ating these injuries. Knowledge of the loca-
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tion and extent of physeal damage and inju-
ry to the extraphyseal structures allows for a
more comprehensive assessment of the risk
of future complications. This study showed
a decrease in angular deformities and bony
bridge formation and suggests the growth
plate has potential to be partially repaired
by the transplantation of ear cartilage graft
impregnated with MSCs. The ear cartilage
graft is cartilage extracellular-matrix-rich
and safe, and is a good interpositional bi-
ological material. Ear cartilage may there-
fore be a suitable graft for the treatment of
growth plate injury. Further study is required
using Autograft & Allograft and evaluating
the long-term function of repaired growth
plate in larger animal models.
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