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Abstract (J. Kor. Oral Maxillofac. Surg. 2006;32:360-373)

THE EFFECT OF PULSED ELECTROMAGNETIC FIELDS ON -TCP
GRAFT IN RABBIT CRANIAL BONE DEFECT

Sang-Woo Kim, Kyung-Gyun Hwang, Byung-Sup Lim, Chang-Joo Park,
Il-Hyuk Chung*, Seung-Sam Paik**, Kwang-Sup Shim
Department of Dentistry/Oral and Maxillofacial Surgery, College of Medicine Hanyang University
“Department of Dentistry|Oral and Maxillofacial Surgery, Seoul National University Boramae Hospital
*“*Department of Pathology, College of Medicine, Hanyang University

The purpose of this research was to investigate whether pulsed el ectromagnetic field (PEMF) stimulation applied to the rabhit cranial defects grafted
with g-tricalcium phosphate (8-TCP) could affect the new bone formation.

With 16 New Zealand white rabbits under the same condition, bilateral calvarial bone defects were formed around the sagittal suture line. The defect
on the |eft side was grafted with 8-TCP, while on the right side was grafted by harvested autogenous bone. PEMF was applied to 8 rabbits for 8 hours
per day. The bony specimen were divided into 3 groups, the group 1 was autogenous bone grafted specimen, the group 2 was B-TCP grafted with
PEMF, and the group 3 was 8-TCP grafted without PEMF. We investigated the bone regeneration & growth factor expression at 2, 4, 6, and 8 weeks.

Asaresult, BMP 2 was expressed in the group 1 from 2 weeks, the group 2 from 4 weeks, and the group 3 from 6 weeks. BMP 4 was expressed in
the group 1 from 2 weeks, in the group 2 and the group 3 from 4 weeks. 4. There was no significant difference in expression pattern of BMP 7, PDGF,
VEGF, and TGF-1 during grafted bone regeneration in group 1, 2, and 3.

According to our results, PEMF stimulation could be effective on the new bome formation in animal study, and have afeasibility of clinical use.

Key words: Pulsed electromagnetic field (PEMF), Autogenous bone, 8-tricalcium phosphate (8-TCP), Osteogenesis
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Fig. 1. Applied external animal holder assembly with
Helmholtz coil to rabbit.
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Fig. 4. Calvarial defects were grafted with autogenous
bone(right) and B-TCP(left).
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Fig. 5. Microscopic examination shows the autogenous
bone graft, 4 weeks(x200, H&E stain).

Fig. 7. Microscopic examination shows the B-TCP graft
under pulsed electromagnetic field, 4 weeks(x200,
H&E stain).

Fig. 6. Microscopic examination shows the autogenous
bone graft, 8 weeks(x200, H&E stain).

Fig. 8. Microscopic examination shows the 8-TCP graft
under pulsed electromagnetic field, 8 weeks(x200,
H&E stain).
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Fig. 9. Microscopic examination shows the B-TCP
graft,

i

4 weeks(x200, H&E stain).
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Table 1. Immunohistochemical study on BMP 2 expression

Autogenous bone graft B-TCP graft + PEMF B-TCP graft
2W 4w  6W 8W 2W  4W  6W 8W 2W 4W 6W 8W
Sample 1 + ++ ++ + - + + + - - + +/-
Sample 2 +- ++ + - - - +- +- - - +- +

Positive was graded on a scale, with - representing no staining, +/- indistinct, + weak stainig, ++ moderate staining, and +++ strong staining.

Table 2. Immunohistochemical study on BMP 4 expression

Autogenous bone graft B-TCP graft + PEMF B-TCP graft
2W 4W 6 W 8W 2W 4w 6W 8W 2W 4W 6 W 8w
Sample 1 ++ +++ +++ ++ - + + + - + + +
Sample 2 ++ +++ ++ + - +- +/- +- +- +- +-

Positive was graded on a scale, with - representing no staining, +/- indistinct, + weak stainig, ++ moderate staining, and +++ strong staining.

Table 3. Immunohistochemical study on BMP 7 expression

Autogenous bone graft B-TCP graft + PEMF B-TCP graft
2W 4 W 6 W 8W 2W  4W 6 W 8w 2W 4W 6 W 8w
Sample 1 +++ ++ +++ +++ +++ +++ +++ ++ +++ +++ ++ ++
Sample 2 +++ +++ ++ +++ +++ +++ +++ +++ ++ +++

Positive was graded on a scale, with - representing no staining, +/- indistinct, + weak stainig, ++ moderate staining, and +++ strong staining.

Table 4. Immunohistochemical study on PDGF expression

Autogenous bone graft B-TCP graft + PEMF B-TCP graft
2W 4 W 6 W 8W 2W  4W 6 W 8W 2W 4W 6 W 8w
Sample 1 +++ +++ +++ +++ +++ +++ +++ ++ +++ +++ +++
Sample 2 +++ +++ ++ +++ +++ +++ ++ +++ +++ ++ +++ ++

Positive was graded on ascale, with - representing no staining, +/- indistinct, + weak stainig, ++ moderate staining, and +++ strong staining.

Table 5. Immunohistochemical study on VEGF expression

Autogenous bone graft B-TCP graft + PEMF B-TCP graft
2W 4 W 6W 8W 2W  4W 6W 8W 2W 4W 6W 8w
Sample 1 +++ +++ +++ ++ +++ +++ ++ +++ +++ +++
Sample 2 +++ +++ ++ +++ +++ +++ ++ +++ +++ +++ +++ +++

Positive was graded on a scale, with - representing no staining, +/- indistinct, + weak stainig, ++ moderate staining, and +++ strong staining.

Table 6. Immunohistochemical study on TGF-81 expression

Autogenous bone graft B-TCP graft + PEMF B-TCP graft
2W 4W 6 W 8W 2W 4w 6 W 8W 2W 4W 6 W 8w
Sample 1 +++ +++ +++ ++ +++ +++ +++ +++ +++ +++ +++ ++
Sample 2 o ++ +++ +H+ ++ +++ +4+ FH+

Positive was graded on a scale, with - representing no staining, +/- indistinct, + weak stainig, ++ moderate staining, and +++ strong staining.
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Fig. 11. Immunohistochemical examination of BMP Fig. 12. Immunohistochemical examination of BMP
2 shows the autogenous bone graft, 4 weeks(x 4 shows the autogenous bone graft, 4 weeks(x
200). 200).

Fig. 13. Immunohistochemical examination of BMP Fig. 14. Immunohistochemical examination of PDGF
7 shows the autogenous bone graft, 4 weeks(X shows the autogenous bone graft, 4 weeks(x200).
200).

Fig. 15. Immunohistochemical examination of VEGF Fig. 16. Immunohistochemical examination of TGF 1
shows the autogenous bone graft, 4 weeks(x200). shows the autogenous bone graft, 4 weeks(x200).
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Fig. 17. Immunohistochemical examination of BMP 2 Fig. 18. Immunohistochemical examination of BMP
shows the autogenous bone graft, 8 weeks(x200). 4 shows the autogenous bone graft, 8 weeks(x
200).

Fig. 19. Immunohistochemical examination of BMP Fig. 20. Immunohistochemical examination of BMP
2 shows the B-TCP graft under pulsed electroma- 4 shows the B-TCP graft under pulsed electroma-
gnetic field, 4 weeks(x200) gnetic field, 4 weeks(x200).

Fig. 21. Immunohistochemical examination of BMP Fig. 22. Immunohistochemical examination of PDGF
7 shows the B-TCP graft under pulsed electroma- shows the B-TCP graft under pulsed electromagnetic
gnetic field, 4 weeks(x200). field, 4 weeks(x200).
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Fig. 23. Immunohistochemical examination of VEGF
shows the B-TCP graft under pulsed electromagnetic
field, 4 weeks(x200).

Fig. 24. Immunohistochemical examination of TGF-81
shows the B-TCP graft under pulsed electromagnetic
field, 4 weeks(x200).

Fig. 25. Immunohistochemical examination of BMP
2 shows the B-TCP graft under pulsed electroma-
gnetic field, 8 weeks(x200).
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Fig. 26. Immunohistochemical examination of BMP
4 shows the B-TCP graft under pulsed electroma-
gnetic field, 8 weeks(x200).
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Fig. 27. Immunohistochemical examination of BMP Fig. 28. Immunohistochemical examination of BMP
2 shows the B-TCP graft, 4 weeks(x200). 4 shows the f-TCP graft, 4 weeks(x200).

Fig. 29. Immunohistochemical examination of BMP Fig. 30. Immunohistochemical examination of PDGF
7 shows the B-TCP graft, 4 weeks(x200). shows the -TCP graft, 4 weeks(x200).

Fig. 31. Immunohistochemical examination of VEGF Fig. 32. Immunohistochemical examination of TGF-81
shows the B-TCP graft, 4 weeks(x200). shows the B-TCP graft, 4 weeks(x200).
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Fig. 33. Immunohistochemical examination of BMP
2 shows the f-TCP graft, 8 weeks(x200).
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Fig. 34. Immunohistochemical examination of BMP
4 shows the B-TCP graft, 8 weeks(x200).
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