Platelet rich plasma promotes tendon graft
integration at the bone tendon junction in a rabbit

model
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ratio; PDGF, platelet derived growth factor; PRP, platelet rich plasma; TGF, transforming growth factor; VEGF,

vascular epidermal growth factor



ZM/MRILE D G 5 A BRI B 2 AT BT E L RET 5 31

YA74— 3 VRAAF (ransforming growth factor, TGF)
-8, MEAEEERTF (vascular epidermal growth factor,
VEGF) % Y% BWICEAT 2. BEPRP T TIMROMES
MRS BRI BV THTFRPER A ~ 75~ MG
EAXOBBHL LICEEEA 3, W ohDBIFRERIH
EENRTWE I,

HHEHERICBY THERMMME D PRP * BILAIC RS+
3 C i L DB BATH O BREREN R AL, TSRS
POHDYNEY F—Ya 2 REIOFBIICITH = L AR
Eah, HRMMOERIZBRI2b0EELONDH, B
PRPDEILANDEE IR EBITHEEIZS X 2BBIZOoVWT
BELAgET 2w,

FBROEWIE, PRPOFILANDOBHTES AL & Bl
B M OREA BITHMOBE % RME T 2 et MEBEN, 464h
EHFEICLIRNT LI ETH S,

(ERE L UHE]

. BRUEZAXABRE (2.5~3.0kg) 44 FISSBEE AL,
BYMRBRICOVWTRERAESHIREDMRBER/ RN
BEBU £ (RIBES [ 031697 3).

Il. PRPD{ER

BRI & 7 — 0 (B— I8, R 125mg % M HE: 4T
fBiZA 78— (REARBEE, ABK) 50 ~ 75mg & M HIHIRA
BELTITo 7. FRHICELSL, T4 Yazawa b W FikicHe
UTRPPZIER L7:. REOMBEMEL LHBICHIELTV,
237 — Vst AW L EERERIC X D 20ml 0 B SN % R
WL, ZRCAWAROA S ) » VPICiIdEEm L LTy
IYEET XA P O— R (acid citrate dextrose-A, ACD-A) (7 )V
E, X)) 3mlZ2MMA 7. SOFHEEM20ml %2 FFHLED
80(X g) - FLHER 1653 THLLREL, MERMA &M Lok
CHEELEN1000(X g) - HLH 75 THAOTHL, 2
YIDEERICIER L/2PRPZIRINL 72, (F1)

. F4&

PRP R L - REO W KM 2 $IE L &icHFEE TV, il
BTICHEEMEIC3ecmO W E ML, EUMEN (extensor
digitorum longus, EDL) B (R 2) D KB EAESR % MM L,
B SEEARTE LV DA 2 & 49 lemoE G2 TRECH L TH M IS
25mmDEILEMER L7, KR CRESM L HhFILAIZEDL
MOABEZEEAA, RMRICSIEHLIY FEY CEEQE
HTI—0F A0 (1A EBHLE K3 2HWTAF Y
LAY v ¥ v — (Zimmer Inc, Warsaw, USA) IZ[E5€ L 7: (9
3). MMERICFRFEREITY, ERB % PRPIZS I, 4&IE%
HHABE L L7z, PRPOIFS5132%1E LA L o 4 (KIFRSE, H
W) LR b o2 ¥ BB S000 B (B — =40 MIE, W50
FRESELLOFBEEMIMATERSE, EDLE .| X
AU OFILA, RUREEE L2 HOREA Y OBICTHE 2
T, FHERECEEE LT r—VRELHBICFH S ¢
7o TRTORBIBIEBEFSFTTETSH - 72, FTFPICEE
L7:4M%BEILL, 780 @ 40014 MBREM B & U b )I50Er
filiez Fv 72,

V. BXROEN R UBRPRERE

#itk2, 4, 6, SETEZLLAZBSY, 7207 % 50
BEAHICH . i L BRI - REHEekE R L) V2 M
WTEERK L%, BFogis FILE#HEREFRICTTE

MW 2L, 185/ 8k (2 Masson trichrome ¥ %
1T 7:. Masson trichrome 3o (3B MM 4 i, MRT%E
HEll, BEREE DS, FILBE L BHIRRE O REFRIC
AE L TREFBITHMEBEL, PRPIZS R, HBROEH AR
EHEIRH L, S5 CRERROBEI SV T BRI

|I
(eee)

Fig. 1. Schematic illustration of the preparation of platelet rich
plasma.
The whole blood obtained was separated by centrifugation at
80 X g for 15 minutes, and the cellular fraction was removed to
yield the plasma fraction. The plasma fraction collected was
further centrifuged at 1000 X g for 7 minutes, and the
precipitated platelet at the bottom of the centrifuge tube was
then taken. WB, whole blood; P, plasma; RBC, red blood cells;
PPP, platelet poor plasma; PRP platelet rich plasma.
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Fig. 2. Anatomy of the anterior aspect of the rabbit’s knee.

The extensor digitorum longus tendon (arrow) and its femoral
origin (arrow head) are marked.
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Fig. 3. Schematic illustration of the surgical procedure.
A bone tunnel (2.5 mm in diameter) was created
perpendicularly to the long axis of the tibia and the extensor
digitorum longus tendon, which was then released from its
origin, passed through the bone tunnel and sutured to a
washer.

Table 1. Histological classification of the tendon bone junction

#
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Fig. 4. Photograph of the biomechanical testing.
The muscle and the tendinosus portion of the extensor
digitorum longus were grasped in a clamp, and the tibia was
positioned to allow tensile loading aligned with long axis of the
bone tunnel. The tendon was loaded on a material testing
machine at a rate of displacement of 100 mm/min.

Morohological cl 2week 4week 6week 8week
orphological ciass Control PRP Control PRP Control PRP Control PRP
Collagen fiber
Perforating fiber-rich continuity 0/5 0/5 0/5 0/5 2/5 1/5 4/5 2/5
Collagen fiber continuity 0/5 0/5 4/5 4/5 3/5 4/5 1/5 1/5
Interface without collagen fiber continuity 4/5 4/5 1/5 1/5 0/5 0/5 0/5 0/5
Cartilage tissue
Cartilage tissue-rich continuity 0/5 0/5 0/5 0/5 0/5 2/5 0/5 3/5
Occasional cartilage tissue continuity 0/5 1/5 0/5 3/5 0/5 2/5 1/5 2/5
Interface without cartilage tissue continuity 0/5 3/5 1/5 2/5 1/5 1/5 1/5 0/5
No interface 1/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

PRP, plateletrich plasma
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Fig. 5. Photomicrograph of the bone tendon junction of the control limbs (Masson trichrome stain).
(A) a 2-week specimen. (B) a 4-week specimen. (C) a 6-week specimen. (D) a 8-week specimen. Tendon graft integration began with the
formation of fibrous tissue which had no continuity and perforating fibers (arrow head) appeared followed by the gradual reestablishment
of collagen fiber continuity predominantly aligned along the load axis. Scale bar indicates 100 ; m. B, bone; IF, interface; T, tendon.

Fig. 6. Photomicrograph of the bone-tendon junction of the PRP-treated limbs (Masson trichrome stain).
(A) a 2-week specimen. (B) a 4-week specimen. (C) a 6-weck specimen. (D) a 8-week specimen. The cartilaginous components(arrow
head) were occasionally seen in the granulation tissue and the bone tendon junction was more obscure and the cartilaginous components
had gradually increased. Scale bar indicates 100 x m. B, bone; IF, interface; T, tendon.
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Table 2. Results of the failure mode of ultimete pull-out load in
the PRP-treated limbs and the control limbs

Pl 4 2week 4week Gweek 8week

afUre Mot Control PRP Control PRP Control PRP Contral PRP
Pull-out 5/5 5/5 5/5 5/5 4/5 4/5 4/5 3/5
Rupture 0/5 0/5 0/5 0/5 1/5 1/5 1/5 2/5
Fracture 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

PRP, plateletrich plasma
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Fig. 7. Biomechanical testing of ultimate pull-out load at various

periods after the operation.

(A) O,control limbs; WM, PRP-treated limbs. *, significantly
different at the level of p<0.05 (A paired Student’s t-test). (B)
[,control limbs; W, PRP-treated limbs. *, significantly
different at the level of p<0.05 (post-hoc test).
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Abstract

Tendon grafts anchored within bone tunnels are used in many orthopedic surgical procedures, and tendon graft integration
at the bone tendon junction is important for successful ligament reconstruction. Enhancing tendon graft integration would
contribute to earlier graft fixation, thus allowing earlier rehabilitation and potentially improving the long-term success of
ligament reconstruction. In this study, we injected platelet rich plasma (PRP) into the aperture between the grafted tendon and
the bone tunnel, and we evaluated the efficacy of using PRP to enhance tendon graft integration at the bone tendon junction.
Forty four female Japanese white rabbits were used in this study. Before operation, by centrifugation we separated PRP from
the whole blood obtained by intracardiac puncture. The same rabbits from which the blood was taken underwent
transplantation of the extensor digitorum longus tendon into a tibial bone tunnel created perpendicular to the long axis of the
bone. The bilateral limb was operated on in the same procedure. One limb was applied PRP to the bone tendon junction, while
the other was without application of PRP. Assessment was done at 2,4,6,8 weeks. Histological examination was performed in
20 rabbits using Masson’s trichrome stain. Biomechanical testing was performed in 20 rabbits. The healing process of the
control limbs occurred in a manner previously reported by several authors, with the formation of a dense layer of fibrous tissue
containing perforating fibers. On the other hand, the healing process of the PRP-treated limbs occurred with the formation of
cartilage tissue. In this biomechanical testing, the PRP-treated limb had a higher failure to tunnel length ratio than the control
limb at each time point for both groups, and at 2 and 4 weeks the PRP-treated limbs were significantly stronger than the
control limbs. Thus, although the exact mechanism of PRP-application at the bone-tendon junction remains unclear, the
enhanced early biochemical properties may be explained by the acceleration of cartilaginous component repopulation rather
than perforating fiber connection at the bone-tendon junction. Our study indicates that PRP can accelerate the healing process
of tendon graft integration at the bone tendon junction in the early phase of the healing process. To our knowledge, this is the
first study to use PRP to enhance tendon graft integration. The results of this study demonstrate that PRP in tendon graft
integration might be successfully used in reconstructive surgery of ligaments.



