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Original Article

The Effect of Platelet Rich Plasma
from Bone Marrow Aspirate with Added
Bone Morphogenetic Protein-2 on the Achilles
Tendon-Bone Junction in Rabbits

Hak Jun Kim, MD, Hyok-Woo Nam, MD, Chang-Yong Hur, MD, Misu Park, MS,
Hee Seok Yang, MS*, Byung-Soo Kim, PhD', Jung-Ho Park, MD

Department of Orthopaedic Surgery, Korea University College of Medicine, *Hanyang University School of Chemical
and Biological Engineering, 'Department of Bioengineering, Seoul National University, Seoul, Korea

Background: To determine if exogenously injected bone marrow derived platelet-rich plasma (PRP) plus bone morphogenetic
protein (BMP)-2 could accelerate the healing of bone-tendon junction injuries and increase the junction holding strength during the
early regeneration period.

Methods: A direct injury model of the bone-tendon junction was made using an Achilles tendon-calcaneus bone junction in a rab-
bit. In the PRP/BMP-2/fibrin group, 0.05 mL of bone marrow derived PRP and 100 ng/mL of BMP-2 both incorporated into 0.1 mL
of fibrin glue were injected into Achilles tendon-calcaneus bone junctions. The effect of the intervention was tested by comparing
the results of an intervention group to a control group. The results of biomechanical testing, and histological and gross analyses
were compared between the 2 groups at the following time points after surgery: 2 weeks, 4 weeks, and 8 weeks.

Results: Histologic examinations showed that woven bone developed in tendon-bone junctions at 2 weeks after surgery in the
PRP/BMP-2/fibrin group. Mechanical test results showed no significant difference between the PRP/BMP-2/fibrin and control
groups at 2 and 4 weeks after surgery, but the mean maximal load in the PRP/BMP-2/fibrin group was significantly higher than in
the control group (o < 0.05) at 8 weeks after surgery.

Conclusions: Bone marrow derived PRP and BMP-2 in fibrin glue accelerated healing in a rabbit model of tendon-bone junction
injury.
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hypovascularity."”
Previous studies have examined bone-tendon junc-

Tendon-bone junctions are composed of a complex mix
of hard bony and soft tendon tissues. The restoration of

collagen fibers and fibrocartilage in the transitional zone
after injury is crucial in terms of regaining the mechani-
cal properties of the tendon-bone junction. However, this
transitional region has poor healing potential due to its
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tion healing within bone tunnels, and various methods
have been devised to improve early fixation and to facili-
tate healing. These methods have included decortication
and the creation of a bone trough, the use of a dowel plug,
and stapling.w In the past, shock waves, allogenic chon-
drocytes, platelet-derived growth factor, and bone marrow
matrix cells with bone morphogenetic protein have been
reported to facilitate bone-tendon junction healing.®"”
However, few studies have been reported an accelerated
healing of bone-tendon junction injuries.*'” Platelet-rich

Copyright © 2011 by The Korean Orthopaedic Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinics in Orthopedic Surgery ® pISSN 2005-291X  eISSN 2005-4408



326

Kim et al. PRP and BMP-2 for Tendon-Bone Junction Injury
Clinics in Orthopedic Surgery « Vol. 3, No. 4, 2011 * www.ecios.org

plasma (PRP) has attracted much attention, because it is a
safe and cost effective source of growth factors that stimu-
late cellular regeneration, and as a result, many reports
have been issued on the osteogenic effect of PRP.*'” In
addition, PRP has been reported to accelerate tenocyte
proliferation and collagen production by injured teno-
cytes."” PRP from bone marrow aspirate contains platelets,
growth factors, and condensed nucleated bone marrow
cells, all of which contribute to tissue regeneration."”

Repair processes after tissue injury are regulated by
different cell types, growth factors, and proteins. Of these
growth factors, bone morphogenetic protein (BMP) regu-
lates cell proliferation, differentiation, apoptosis, morpho-
genesis, and organogenesis.lg'zn Furthermore, experimen-
tal studies have revealed that BMP has a beneficial effect
on tendon healing."”

We hypothesized that PRPs could accelerate tendon
healing and BMPs bone healing at the tendon-bone junc-
tion. The present study was designed to evaluate and to
compare the microscopic features and mechanical proper-
ties of tissue healing in surgically created tendon Achilles-
calcaneus junction injuries in a rabbit model in response
to exogenous BMP-2 plus bone marrow PRP in a fibrin-
glue carrier.

METHODS

Animals

Three-month-old skeletally mature male New Zealand
white rabbits (n = 54, 3.5 £ 0.5 kg; Jung-Ang Animal
Laboratory, Seoul, Korea) were housed in cages and fed
commercially available rabbit food. Right hind legs were
used for the experiment and left hind legs were preserved.
NIH guidelines for the care and use of laboratory animals
published by the National Institute of Health (NIH publi-
cation no. 85-23, revised 1985) were observed throughout
the study.

Preparation of Bone Marrow Derived PRP

The animals were anesthetized with an intramuscular in-
jection of 250 mg ketamine hydrochloride (Yuhan, Seoul,
Korea). Standard sterile drape was applied to the pelvic
area, and 2 mL of bone marrow was aspirated in the stan-
dard manner from iliac crests. Autogenous PRP was ob-
tained by centrifuging bone marrow aspirates at 4,000 rpm
for 10 minutes.

Surgical Procedure
Under standard aseptic conditions, an L-shaped skin inci-
sion was made over the posterior aspect of the each right

Fig. 1. Operative procedure. (A) Arrow point device (towel clip) made a
hole at calcaneus. (B) The tendon was sutured with 2-0 steel wire in the
rectangular manner and the fibrin glue mixed with bone marrow derived
platelet-rich plasma and bone morphogenetic protein-2 was injected into
the tendon to bone junction.

heel and the insertion site of the Achilles tendon was
exposed. The tendon was transected at its insertion and a
bone tunnel was made on both sides of the calcaneus us-
ing an arrow pointing device (towel clip). The tendon was
reattached later at the calcaneal tuberosity using a pullout
steel wire 2-0 suture (Ethicon, Johnson & Johnson Inter-
national, Warsaw, IN, USA). The plantaris tendon also
transected (Fig. 1).

The animals were divided into 3 groups: in the
control group (n = 18), after reattaching the tendon, no
further procedure was done; in the other second group
(each n = 18), a mixture of bone marrow derived PRP and
fibrin glue (0.1 mL; the PRP/fibrin group); and in a 3rd
group, bone marrow derived PRP, BMP-2 (Sigma-Aldrich,
St. Louis, MO, USA), and fibrin glue (0.1 mL of fibrin glue
mixed with 100 ng/mL of BMP-2 and 0.05 mL of bone
marrow derived PRP: the PRP/BMP-2/fibrin group) was
injected into the tendon-bone repaired gap. Wounds were
closed in a layered fashion and limbs were immobilized
using a short leg cast in the position of ankle-plantar
flexion. Rabbits were allowed to move freely within their
cages. Six rabbits per group were sacrificed at 2, 4, and 8
weeks after surgery for evaluation.
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Tissue Sample Preparation
Animals were anesthetized with an intramuscular injec-
tion of 250 mg ketamine hydrochloride and euthanized
with i.v., potassium chloride. Under standard aseptic
conditions, previous surgical wounds were opened and
the tendon Achilles-calcaneus complex was harvested.
Harvested specimens were examined grossly and findings
were recorded. Specimens were allocated randomly for
histological and mechanical studies.

The specimens for histological analysis were fixed in
10% buffered formalin, decalcified with decalcifying agent
(Decal Rapid, National Diagnostics, Atlanta, GA, USA),
dehydrated using a graded alcohol series and embedded
in paraffin. Tissue sections (6 um) were cut perpendicular
to the tendon-to-bone junction and stained with H&E and
Masson’s trichrome. Specimens for biomechanical studies
were frozen separately at -70°C in 50 mL bottles until re-
quired for testing.

Histological Analysis

The following parameters were assessed using a light mi-
croscope (Zeiss, Carl Zeiss, Oberkochen, Germany): cell
types, nature of the matrix present in the tendon-bone in-
terface, collagen fiber alignment, amount of fibrocartilage,
and new bone formation.

Mechanical Testing
Frozen specimens were thawed in normal saline at room

temperature before testing, and the cross-sectional area of
healing interfaces were measured. In each case, the tendon
Achilles-calcaneus complex was securely fixed in a spe-
cially designed apparatus, which allowed the specimen to
be oriented such that a tensile load could be applied along
the axis of the tendon. The whole construct was loaded
onto an Instron mechanical tester (Instron 4201, Instron,
Canton, MA, USA) operated at 10 mm/minute velocity
traction speed. Maximum strain, maximum load, ultimate
stress, and elasticity modulus were recorded on a personal
computer.

Statistical Analysis

The three groups were compared at 2, 4, and 8 weeks after
surgery. The Kruskal-Wallis test in Epilnfo 3.3.3 (CDC,
Atlanta, GA, USA) was used to compare group variables.
Statistical significance was accepted for p < 0.05.

RESULTS

Gross Findings

For all the specimens from each treatment group, the
Achilles tendon was loosely connected to calcaneus bone
and adhered to surrounding soft tissues. Few differences
were observed between the groups at any time point (2, 4,
or 8 weeks after surgery) (Fig. 2).

Fig. 2. Gross findings at 2 weeks. No
differences were found between the 3
groups. (A) The control group. (B) The
platelet-rich plasma/fibrin group. (C) The
platelet-rich plasma/bone marphogenetic
protein 2/fibrin group.
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Histological Analysis

At 2 weeks after surgery, cartilage formation was observed
at tendon-bone junctions in the control group. Fibrocar-
tilage formation was observed at tendon-bone junctions
in the PRP/fibrin and the PRP/BMP-2/fibrin groups, and
woven bone was visible in the PRP/BMP-2/fibrin group
(Fig. 3).

At 4 weeks, fibrocartilage was observed in the
control group and woven bone in the PRP/fibrin group.
Fibrous tissues in junctions were well aligned with bone
in the PRP/BMP-2/fibrin group. At 8 weeks, fibrous tis-
sues were loosely connected to bone in the control group,
but fibrous tissues were connected to bone through newly
formed cartilages in the PRP/fibrin group and to bone
through new bones in the PRP/BMP-2/fibrin group (Fig.
4).

Mechanical Testing

Mean maximum loads at failure of tendon bone junc-
tion complexes were 47.9 + 24.9, 74.7 + 18.6, 60.5 + 15.0
N respectively in the control, the PRP/fibrin group, and

the PRP/BMP-2/fibrin group for specimens obtained at 2
weeks after surgery. Mean maximal load at failure in the
PRP/BMP-2/fibrin group was second highest, but this was
not significant (p > 0.05). Corresponding mean maximum
loads at failure at 4 weeks after surgery were 46.1 + 4.3,
61.3 £ 28.5, 73.9 £ 19.5 N, again the mean maximal load
at failure was not significantly greater for the PRP/BMP-
2/fibrin group. Similarly, mean maximal loads at failure
at 8 weeks were 62.4 + 4.9, 89.8 + 4.6, and 99.6 + 10.3 N,
respectively, but on this occasion the mean maximum load
at failure was significantly greater in the PRP/BMP-2/fi-
brin group (p = 0.007) (Table 1).

DISCUSSION

The Achilles tendon-calcaneus bone complex in our study
serves as a good model for bone-tendon junction injury.
The healing of tendon-bone junction is restoring align-
ment of collagen fibers and fibrocartilages with appropri-
ate mechanical strength at the transition zone after an in-
jury. Restoration of collagens and fibrocartilages between

Fig. 3. Histological photographs at 2 weeks (H&E, x 50). (A) Cartilage was visible at the tendon-bone junctions in the control group. (B) Fibrocartilage
was visible in the platelet-rich plasma/fibrin group. (C) Fibrocartilage and woven bone were visible in platelet-rich plasma/bone morphogenetic protein

2/fibrin group. C: calcaneus bone, J: junction, T: tendon.

Fig. 4. Histological photographs taken at 8 weeks (H&E, x 50). (A) Fibrocartilage was visible at tendon-bone junctions in the control group. (B) Tendons
were connected to bone via fibrocartilage in the platelet-rich plasma/fibrin group. (C) Tendons were connected to bone via new hone in the platelet-rich
plasma/bone morphogenetic protein 2/fibrin group. C: calcaneus bone, J: junction, T: tendon.
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Table 1. The Results of Mechanical Test

Week Maximum load (N) Maximum stress (Mpa) Maximum strain (%) Modulus (Mpa) p-value
2 Control 479+249 38+19 252 +458 119+79
PRP* 747 +186 21+18 292 +26.7 BISEN|
PRP + BMP' 60.5+15.0 24+31 213+772 96+13.1 0.2970
4 Control 46.1£4.3 3603 226 +54.1 72+1.1
PRP* 61.3+£285 1714 206+41.3 56+39
PRP + BMP' 739+195 38+£22 207 £39.1 13.9+12.6 0.2137
8 Control 624+49 49+04 362+2379 97+69
PRP* 89.8+46 7.1£04 248+192 216+45
PRP + BMP' 99.6+103 46+39 294+906 97+84 0.007

PRP: platelet-rich plasma, BMP: bone morphogenetic protein.

*PRP: fibrin glue mixed with bone marrow derived PRP. 'PRP + BMP: fibrin glue mixed with bone marrow derived PRP and BMP-2.

tendon and bone is essential for regaining the mechanical
properties of the bone-tendon junction.”” About 8 week
is healing time of rabbit’s tendon-bone injury, but the
mechanical strength is up to 80% of normal tendon bone
junction.” In this study, improvement of biomechanical
properties of scar tissue with time in all groups suggested
that healing progressed with time. Fibrocartilage is one of
the components of repaired tissue at tendon-bone junc-
tion injury. Thick fibrocartilage may reinforce the link of
between tendon and bone.”” The direct insertion complex
of tendon bone junction is transitionally composed of
a tendon, onocalcified fibrocartilage, calcified cartilage,
and bone. This four-zone arrangement yields a gradient
of mechanical stiffness that avoids traumatic injury due
to concentration of stress at interface.”” Histologically fi-
brocartilage formation was observed earlier in PRP/fibrin
group and PRP/BMP-2/fibrin in our study. Tendon was
connected to the calcaneus bone through the fibrocarti-
lage and new bone in 8 weeks PRP/BMP-2/fibrin group
specimens. We thought that bone marrow derived autog-
enous PRP and rhBMP-2 gave strong integration between
Achilles tendon and calcaneus bone. In this study, we
found that a mixture of bone marrow derived autogenous
PRP, rhBMP-2, and fibrin glue connected tendons to bone
through newly developed bone and promoted mechani-
cal stability following repair of a ruptured tendon-bone
junction. Mechanical stability increased significantly with
time after injecting bone marrow derived autogenous PRP,
rhBMP-2, and fibrin glue into ruptured sites.

PRP has been used as source of platelet derived
growth factor and transforming growth factor,” and it has

been reported that PRP has a positive effect on cell prolif-
eration and collagen production, and that it induces the
production of matrix-degrading enzymes and endogenous
growth factors by human tenocytes."” Furthermore, some
reports have shown that PRP has osteogenic effects."”"*""
In particular, PRP derived from bone marrow contains
growth factors and mesenchymal stem cells, and these cells
have been reported to promote tendon injury healing.””

BMP are bone forming factors and can accelerate
bone formation in tendons.”” Cartilage-derived BMP has
been reported to promote the formation of large, strong
tendon calluses.” Rodeo et al.,”” in a dog model, demon-
strated that recombinant human BMP-2 accelerated ten-
don to bone healing in a bone tunnel and that it induced
a transitory increase in pull-out strength. In a previous
study, we found that BMP-2 accelerated the formation of
fibrocartilage during the early phase of healing and in-
creased the biomechanical strength of bone-tendon junc-
tions.” However, no report has been issued on the effect
of bone marrow derived PRP mixed with BMP-2. In the
present study, a mixture of bone marrow derived PRP and
BMP-2 was found to promote the production of bony tis-
sue tendon/bone junctions and to increase biomechanical
strength.

Fibrin glue can be used as a carrier of exogenous
cytokines and metabolized without foreign bodies,” and
thus, we used fibrin glue as a carrier in the present study.

In the field of orthopaedic surgery, there are many
kinds of tendon bone junction injury such as rotator cuff
tear, collateral ligament injury of knee, patellar tendon
injury, Achilles tendon injury and extensor tendon injury
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of finger. Furthermore, the tendon reconstruction and ten-
don transfer is issue of the tendon bone integration. Au-
togenous PRP mixed with BMP-2 could give early stability
to tendon-bone junction such as, rotator cuff repair, an-
terior cruciate ligament graft and tendon transfer around
foot and ankle area in clinical situation from our study
results.

In conclusion, bone marrow derived PRP plus BMP-
2 was found to improve significantly the mechanical
strength of tendon bone junctions and to accelerate the
formation of fibrocartilage and new bone after tendon to
bone junction injury.
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