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Influence of Recombinant Human Bone Morphogenetic Protein-2 on
the Remodeling of Subchondral Bone and Cartilage Healing
in the Articular Cartilage Defect of the Rabbit

Suk Ha Lee, M.D., Ph.D., Seoung-Joon Lee, M.D., Ph.D.”, Jong Soo Lee, M.D,, and Jaesung Ahn, M.D.*

Department of Orthopedic Surgery, Konkuk University Medical Center, Konkuk University School of Medicine, Seoul,
*Department of Orthopedic Surgery, Chungnam National University Hospital, Chungnam National University School of Medicine, Daejeon, Korea

Purpose: The purpose of this study is to evaluate the effects of recombinant human bone morphogenetic protein-2 (rhBMP-2) after
microfracture on the remodeling of subchondral bone and cartilage healing in a model of full-thickness articular cartilage injury in a rabbit.

Materials and Methods: A full thickness articular cartilage defect of 6x3-mm-size was created in the trochlear groove of the right femur
in 24 rabbits. The defect was left empty in six rabbits, and microfracture was done in 18 rabbits. After microfracture, no treatment was
done in six rabbits, defect was filled with fibrin glue in six rabbits, and with fibrin glue and rhBMP-2 in six rabbits. The effect of rhBMP-2
after microfracture was evaluated based on histological analysis and real-time polymerase chain reaction (PCR) for analysis of collagen

type at 8 weeks after surgery.

Results: The score of histological grade scale of six rabbits in which the defect was filled with fibrin glue and rhBMP-2 was better than
that of others and real-time PCR also showed a higher amount of collage type 1 and collage type 2 in these six rabbits.

Conclusion: We consider that fibrin glue and rhBMP-2 after microfracture may accelerate cartilage healing in an articular cartilage defect
and maybe helpful in healing the articular cartilage defect into mare closely native hyaline cartilage.
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Figure 1. Experiment photographs. (A) A 3x6 mm defect is made at the intercondylar notch of rabbit’s femur with a 3 mm diameter drill hole (1-2 mm
thickness) without subchondral bone damage. (B) Microfracture (arrows) is made with a fine K-wire. (C) The defect (dashed arrow) is filled with fibrin
glue and recombinant human morphogenetic protein-2.

Table 1. Summary of Real-Time Polymerase Chain Reaction

Collagen type Forward primer
1 agggagagectggtgacaa
2 acagcaggttcacctataccg

gaagaccttgcaatcegttg
cccacttaccggtgtattte

Reverse primer Universal probe
#72, Cat. No. 04688953001

#46, Cat. No. 04688066001
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Figure 2. Photographs of H&E stain (x40). (A) Cartilage defect only. (B)
Treatment with microfracture. (C) Treatment with microfracture and fibrin
glue. (D) Treatment with microfracture, fibrin glue, and recombinant
human bone morphogenetic protein-2 (thBMP-2). The defect filled with
fibrin glue and rhBMP-2 demonstrated more cartilagenous tissue and
replacement of subchondral bone. The arrows indicate the boundary
between the preexisting articular cartilage and the repair tissues. RC,
repair cartilage; NC, normal cartilage.

Figure 3. Photographs of Alcian blue stain (x40). (A) Cartilage defect
only. (B) Treatment with microfracture. (C) Treatment with microfracture
and fibrin glue. (D) Treatment with microfracture, fibrin glue, and
recombinant human bone morphogenetic protein-2 (fhBMP-2). These
findings demonstrated the presence of greater amounts of hyaline
cartilage in the group treated with microfracture, fibrin glue and
rhBMP-2. The arrows indicate the boundary between the preexisting
articular cartilage and the repair tissues. RC, repair cartilage; NC, normal
cartilage.



244

Suk Ha Lee, et al.

Table 2. Histological Scores of Articular Cartilage Defect

Category
Variable Filing of  Integration ~ Staining of  Cellular  Architecture ~ Architecture —— Reformation
defect at margin matrix morphology within defect  of surface of tidemark
CD 1.66+£0.57 2.33+057 2.66+0.57 3.66+1.15 2.66+1.15 2.66+057 266+0.57 3.33+0.57 21.66+3.05
CD+MF 0.33+0.57 1.33x0.57 2.33+£0.70 2.33+057 1.66+0.57 1.66+0.57 2.33+0.57 1.66+0.57 13.66+2.08
CD+MF+FG 0.02+0.04 1.08+0.60 1.24+0.86 1.12+098 1.24+x116 1.72+0.90 1.68+0.94 1.63+£1.27 7.68+1.45
CD+MF+FG+rhBMP  0.00+0.00 1.00+0.47 0.83+0.81 0.71+£0.36 1.12+1.24 150+0.85 0.40+0.05 0.42+0.76 4.50+2.10
p-value 0.062 0.0374 0.0387 0.0258 0.0863 0.0603 0.0406 0.0285 0.0158

Values are presented as mean=+standard deviation. The score for defects treated with rhBMP-2 was significantly different (p<0.05) from that for the
other defects. CD, cartilage defect; MF, microfracture; FG, fibrin glue; rhBMP, recombinant human morphogenetic protein-2.
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