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Abstract (J. Kor. Oral Maxillofac. Surg. 2003;29:379-391)

THE EXPERIMENTAL STUDY ON BONE HEALING AROUND TITANIUM IMPLANTS
PLACED IN IRRADIATED RAT'S TIBIAE

Byung-Hak Kwak, Jong-Ryoul Kim, Bong-Soo Park*, Sang-Hoon Shin, lel-Yong Sung**
Oral & Maxillofacial Surgery, Oral Anatomy, *College of Dentistry, Pusan National University
Oral & Maxillofacial Surgery, College of Medicine, Ulsan University**

The present study was undertaken to evaluate bone regenerative capacity around titanium screw implants placed in irradiated rat's
tibiae. At one week after single 15-Gy dose irradiation, miniaturized titanium screw implants were inserted into anterior aspect of the
upper tibia of rats weighing 200-250g. Seventy rats were involved: 35 rats were control and 35 rats radiation group. The rats were killed
at different intervals as 1, 2, 3, 4, 6, 8, 12 weeks after implantation for histologic observation, histomorphometric analysis and immuno-
histochemical study with fibronectin and CD34 antibody.

1. Histologically, various stages of bone maturation and ossification can be seen at 4 weeks and regenerated bone close to edges
demonstrates more advanced calcification, and network of new bone are well formed at 12 weeks in non-irradiated group. In con-
trast, active bone formation with increased contact of newly formed bone to implant surface was noted at 4 weeks and a signifi-
cant amount of new bone formation and bone-implant contact is oberved at 12 weeks in irradiated group.

2. Histomorphometrical analysis confirmed these histologic findings. A significant difference in implant-bone contact and bone densi-
ty was measured between the control and radiation group. Mean MBD was 62.2% in control group and 27.5% in radiation group,
mean MBIC was 86.6% in control group and 47.7% in radiation group, and mean TBIC was 87.3% in control group and 45.6% in
radiation group at 12 weeks after implantation.

3. In immunohistochemical study with fibronectin and CD34, radiation reduced hematopoietic progenitor cells severely and disturbed
differentiation of osteoblast in bone marrow.

The results of this study revealed bone healing capacity around implant after radiation therapy was severely impaired and irradiation
reduces the capacity for osseointegration of titanium implants. Many factors including radiation dose, period between radiation and
implantation, bone quality, time elapse between first and second surgery, type of prosthetics and hyperbaric oxygen therapy must be
considered carefully in postradiation implantation.

Key words : Implant, Immunohistochemistry, Histomorphometry
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Table 1. Histomorphometric data for marrow bone densi-
ty (%)

Control group Radiation group

3 weeks 1758+2.31 13.10+2.92
4 weeks 26.73+1.63 13.84+3.06
6 weeks 30.83+2.29 20.041-2.60
8 weeks 34.94+4.28 21.69+6.78
12 weeks 62.25+4.39 27155+4.61

Table 2. Histomorphometric data for marrow bone-
implant contact ratio (%)

AR A A Z20] ElErs IBHE HAE 2 AR B o7

3. gz}

I

A
1) Fibronectin #4712 o] &3 ™} 22 518144 42 7
Fibronectin& t) 2o M= 330 A 7k 748t W& e

SIS AIRbe] et A} 7u sgot AdzelHE 47
oM 713 e RS B 2
137 91 A th(Table 4, 5)(Fig. 15-24).

2) CD34 FA & o] &3 ud%ﬂia‘i}f“%éﬁ

CD34= 2ol Al 45l 7HE 48 i
Zbo] 7 gtel w2t hH = 2k Sl
AN A 125747 Zv] @ dE kS HErh(Tab

APTlM = 3F
le 6, 7)(Fig. 25-34).

Table 3. Histomorphometric data for total bone-implant
contact ratio (%)

Control group

Radiation group

3 weeks 61.57+347 2492+14.04
4 weeks 66.49+2.47 4067+ 8.71
6 weeks 73621349 46.95+11.21
8 weeks 81.37+4.37 46.58+ 6.21
12 weeks 86.67+4.42 47.73+ 6.78

Control group

Radiation group

3 weeks 45.78+2.58 2360+7.96
4 weeks 64.39+2.70 42054553
6 weeks 71.38+1.45 44.40+7.65
8 weeks 79.45+1.39 48.13+241
12 weeks 87.34+327 45.68+4.97

Table 4. Fibronectin expression on regenerating bone
after implantation on the tibia of the non-irradiated rat

Table 5. Fibronectin expression on regenerating bone
after implantation on the tibia of the irradiated rat

weeks after  regenerating bone osteoblast bone marrow weeks after  regenerating bone osteoblast bone marrow
implantation matrix matrix implantation matrix matrix

3 weeks ++/+++ +++ ++/+++ 3 weeks ++/+++ ++/+++ +/++

4 weeks ++ +H/+++ ++ 4 weeks +H/+++ +++ [+

6 weeks +/++ ++ ++ 6 weeks +H/+++ +++ [+

8 weeks +/- +/++ +/++ 8 weeks +++ +++ ++

12 weeks +/- + + 12 weeks ++ +H/+++ ++

+++ 1 strong positive, ++ : moderate positive, + : weak positive, - : no re-
action

Table 6. CD34 expression on regenerating bone after
implantation on the tibia of the non-irradiated rat

+++ : strong positive, ++ : moderate positive, + : weak positive, - : no re-
action

Table 7. CD34 expression on regenerating bone after
implantation on the tibia of the irradiated rat

weeks after  regenerating bone osteoblast bone marrow weeks after  regenerating bone osteoblast bone marrow
implantation matrix matrix implantation matrix matrix

3 weeks +H/- +++ ++ 3 weeks +- ++ +-

4 weeks +H/+/- +H+ +++ 4 weeks - +- +-

6 weeks +- 4+ ++ 6 weeks - +/+ +-

8 weeks +/- +H+ +HH/++ 8 weeks - +/- -

12 weeks +/- ++ ++H/+ 12 weeks - +/- +-

+++ : strong positive, ++ : moderate positive, + : weak positive, - : no re-
action

+++ : strong positive, ++ : moderate positive, + : weak positive, - : no re-
action
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Fig. 1. Histologic appearance of control group at 1 week. Direct bone contact with implant can not be seen. Arrow 1 indicates occupied
space of implant and arrow 2 indicates immature woven bone(H-E stain, X 100).

Fig. 2. Histologic appearance of control group at 2 weeks. On the surface of new bone, the arrangement of active osteoblasts was visible on
a layer of primary bone (arrows)(H-E stain, x 100).

Fig. 3. Histologic appearance of control group at 3 weeks. Active bone formation was noted next to implants and thin immmature bone was
growing on the implants surface (arrows)(H-E stain, x 100).

Fig. 4. Histologic appearance of control group at 4 weeks. Newly formed bone is in direct contact with the implant and various stages of
bone maturation and ossification can be seen (arrows)(H-E stain, x 100).

Fig. 5. Histologic appearance of control group at 6 weeks. The regenerated new bone close to proximal edge has a mature lamellar struc-
ture(arrows)(H-E stain, x 100).

Fig. 6. Histologic appearance of control group at 8 weeks. The regenerated new bone close to proximal edge becomes more uniform and
mature (arrows) (H-E stain, x 100).

Fig. 7. Histologic appearance of control group at 12 weeks. Regenerated bone close to edges demonstrates more advanced calcification, and
networks of new bone are formed (arrows)(H-E stain, x 100).

Fig. 8. Histologic appearance of radiation group at 1 week. Direct bone contact with implant can not be seen. Arrow 1 indicates occupied
space by numerous fat cells and arrow 2 indicates bone matrix(H-E stain, x 100).

Fig. 9. Histologic appearance of radiation group at 2 weeks. Osteocytes of the immature and mature bone surrounding implant were stained
in several spaces. Arrow 1 indicates acute inflammation of medullary cavity and arrow 2 indicates osteocyte(H-E stain, x 100).

Fig. 10. Histologic appearance of radiation group at 3 weeks. Active bone formation was noted next to implants and immature bone was
growing on the implant surface (arrows)(HE stain, x 100).

Fig. 11. Histologic appearance of radiation group at 4 weeks. Active bone formation with increased contact of newly formed bone to implant
surface was noted (arrows)(H-E stain, x 100).

Fig. 12. Histologic appearance of radiation group at 6 weeks. Thin mature bone with minimal mineralization was seen (arrows)(H-E stain,
x100).

Fig. 13. Histologic appearance of radiation group at 8 weeks. Bone implant contact was considerable. However, in contrast to the control
group, there was several bone-free areas on implant surface (arrows)(H-E stain, x 100).

Fig. 14. Histologic appearance of radiation group at 12 weeks. A significant amount of new bone formation and new bone-implant contact is
observed but thickness and calcification of new bone were much less compared to control group (arrows)(H-E stain, x 100).

Fig. 15. Fibronectin antibody reaction of control group at 3 weeks. The matrix of the regenerating bone, bone marrow and osteoblast show
strong positive immunoreactivity(x 100).

Fig. 16. Fibronectin antibody reaction of control group at 4 weeks. The matrix of the regenerating bone, bone marrow and osteoblast show
moderate positive immunoreactivity( x 100).

Fig. 17. Fibronectin antibody reaction of control group at 6 weeks. The matrix of the regenerating bone, bone marrow and osteoblast show
moderate positive immunoreactivity. (magnification x 100)

Fig. 18. Fibronectin antibody reaction of control group at 8 weeks. The matrix of the regenerating bone shows focally moderate positive
immunoreactivity or no immunoreactivity. The bone marrow and osteoblast show weak or moderate positive immunoreactivity
(x100).

Fig. 19. Fibronectin antibody reaction of control group at 12 weeks. The matrix of the regenerating bone, bone marrow and osteoblast show
weak positive immunoreactivity( x 100).

Fig. 20. Fibronectin antibody reaction of radiation group at 3 weeks. The matrix of the regenerating bone, bone marrow and osteoblast show
moderate and strong positive immunoreactivity( x 100).

Fig. 21. Fibronectin antibody reaction of radiation group at 4 weeks. Regenerating bone matrix, bone marrow and osteoblast show moderate
and strong positive immunoreactivity( x 100).
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Fig. 22. Fibronectin antibody reaction of radiation group at 6 weeks. Regenerating bone matrix, bone marrow and osteoblast show moderate
and strong positive immunoreactivity( x 100).

Fig. 23. Fibronectin antibody reaction of radiation group at 8 weeks. Regenerating bone matrix, bone marrow and osteoblast show moderate
and strong positive immunoreactivity( x 100).

Fig. 24. Fibronectin antibody reaction of radiation group at 12 weeks. Regenerating bone matrix, bone marrow and osteoblast show moderate
and strong positive immunoreactivity( x 100).

Fig. 25. CD34 anitbody reaction of control group at 3 weeks. Regenerating bone matrix, bone marrow and osteoblast show weak and moder-
ate positive immunoreactivity( x 100).

Fig. 26. CD34 anitbody reaction of control group at 4 weeks. Regenerating bone matrix shows moderate and no immunoreactivity. Bone mar-
row and osteoblast show strong positive immunoreactivity(x 100).

Fig. 27. CD34 anitbody reaction of control group at 6 weeks. Regenerating bone matrix shows weak and no immunoreactivity. Bone marrow
and osteoblast show moderate and strong positive immunoreactivity( x 100).

Fig. 28. CD34 anitbody reaction of control group at 8 weeks. Regenerating bone matrix shows weak and no immunoreactivity. Bone marrow
and osteoblast show moderate and strong positive immunoreactivity( x 100).

Fig. 29. CD34 anitbody reaction of control group at 12 weeks. Regenerating bone matrix shows weak and no immunoreactivity. Bone mar-
row and osteoblast show moderate immunoreactivity( x 100).

Fig. 30. CD34 antibody reaction of radiation group at 3 weeks. The matrix of the regenerating bone shows weak and no positive immunoreac-
tivity. Osteoblast shows moderate positive immunoreactivity. Bone marrow shows weak and no immunoreactivity(x 100).

Fig. 31. CD34 antibody reaction of radiation group at 4 weeks. The matrix of the regenerating bone shows no immunoreactivity. Osteoblast
and bone marrow show weak and no immunoreactivity( x 100).

Fig. 32. CD34 antibody reaction of radiation group at 6 weeks. The matrix of the regenerating bone shows no immunoreactivity. Osteoblast
shows moderate and weak positive immunoreactivity. Bone marrow shows weak and no immunoreactivity( x 100).

Fig. 33. CD34 antibody reaction of radiation group at 8 weeks. The matrix of the regenerating bone shows no immunoreactivity. Osteoblast
and bone marrow shows weak and no immunoreactivity(x 100).

Fig. 34. CD34 antibody reaction of radiation group at 12 weeks. The matrix of the regenerating bone shows no immunoreactivity. Osteoblast
shows moderate and weak positive immunoreactivity. Bone marrow shows weak and no immunoreactivity(x 100).
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