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1) Image analyzer

H&E scanner(Scanjet 5200C,
Hewlett-Packard, Loveland, USA)
histomorphometry (Fig.
1)1)!

e
Photoshop(Version 4,
Adobe System, San Josg, USA)

pixe

Fig 1. Histomorphometry of callus. Histologic
section through the center of the medullary
cavity was scanned by comuterized scanner.
The areas of tissue components were
measured by the image analyzer
(1)endochondral new bone,
(2)intramembranous new bone,
(3)mesenchymal layer, (4)cartilage layer.
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Fig 2. Schematic demonstration of the pertinent steps of Photoshop-based image analysis. Image anaysisis

perfromed of digitized represenattive fields within the fracture callus dide. A: The Magic Wand tool is
used to select each areas of fracture callus. The selected areais automatically highlighted. B: The
Histogram tool in the Image menu generates a graph, in which each vertical line represents the number

of pixelsin the area.

Magic Wand tool

dlick
(Fig. 2-A). Magic Wand tool
Tolerance value(0-
235)
1520
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Imege Higogram
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2) PCNA

(Ultravison Mouse Tissue Detection System, Anti-

Mouse, HRP/AEC; Lab vison, UMTDS)
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pepsn 37 30
. Ultrablock(UMTDS) 5
Rodent block (UMTDS) 120
PCNA (NCL-PCNA, Novocastra)
4 .

PBS 30 Biotinylated anti-Mouse

Fig 3. Immunohistochemical staining for PCNA
shows nuclear positivity in osteochondrous
portion of the callus(arrow). The arrow head
indicates nuclear negative osteoblast(x 400).
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acid phosphatase, leukocyte kit (Sigma, 387)
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B1 PhoqchaeSqutlon 05 ,AcgaeSolution2 |, Tatrate
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Fig 4. Histologic section and point counting method
were used to quantitate new bone formation
and the immunohi stochemical
activity(PCNA, TRAP, TUNEL). The point
counting technique was used at a
magnificaion of 400. The area between the
lines was analyzed. The areas analyzed were
(1)endochondral new bone,
(2)intramembranous new bone,
(3)mesenchymal layer, (4)hypertrophic
chondrocyte layer, (5)proliferative
chondrocyte layer.
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Fig 5. Osteoclast in the fracture callus. A: Multinuclear osteoclasts are present at the perlpheral area of the
bony trabecula(arrows, H& E, x 400). B: Tartrate resistant acid phosphatase(TRAP) stain shows
positive osteoclasts(arrows, x 400).
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Table 1. The percentage of compostion of fracture callus measured by image analyzer.
Age endochondral intramembranous mesenchymal cartilage
newbone newbone* layer layer
8wk 20.30 22.32 48.26 16.06
32wk 17.07 9.23 66.42 13.06
70wk 2354 6.90 57.27 20.19
*: The percentage of intramembranous newbone in the younger was higher than the older(p < 0.05).
Table 2. The percentage of PCNA positive cellsin rat femur callus (x 400).
Age Endochondral Hypertrophic Proliferative Mesenchymal Intramemtranous
osteoblast* chondrocyte chondrocyte layer osteoblast
8wk 64.25 29.00 74.74 49.17 44.77
32wk 57.40 15.26 86.56 49.14 38.36
70wk 29.54 12.35 79.49 5781 38.39

*: At 2 weeks after injury, the PCNA positive endochondral osteoblast(p<0.05) was declined with aging. But, the PCNA positive
intramembranous osteoblast was not different with aging in the rat callus(p<0.05).

. 400

100  gid TUNEL

PC-SAS(verson 6.12, SASIndtitute
Inc., Cary, NC,USA) Mantd-Haenszd chi squaretest,
Kruskd-Wadlistes  Spearman’ scorrdation test, Duncan

test ,p<0.05
1) Image analyzer
8
(p<0.05).
, 8 48.26
% 32 70 (p<0.05)
(Tabled).

2)PCNA
PCNA
8 64.25%, 32 57.40%, 70
29.54% (p<0.05)
(Table2).
3)
H&E
8 100 43 ,32 ;2557 32
8 (p<0.05)(Table 3).
TRAP 8 22 ,32
429 ,70 45
5.89
2.08
(p<0.05)(Table 3).
4)
1 32
(p<0.05). 8 ;187,32 ;
278,70 ;114 , 32 70
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Table 3. The number of osteoclast in rat femur callus stained by H& E and TRAP (x 200).

Age HE TRAP TRAP TRAP
(Osteochondral junction)*  (Osteochondral junction)’ (Metaphysis)" (Total)
8wk 43.00 4.00 1.75 2.2
32wk 25.57 6.67 25 4.29
70wk 29.87 7.0 2.0 45
Average 3281 5.89 2.08 3.66

*: The number of osteoclast at 8 weeks was more than older ages(p < 0.05).
T ; The number of TRAP positive osteoclast at the osteochondral junction was more than that of metaphysis(p < 0.05).

Table 4. The number of TUNEL positive cell in rat femur callus (x 400).

Age Endochondral Hypertrophic Preliterative Mesenchymal I ntramemtranous
osteoblast chondrocyte* chondrocyte layer osteobl ast

8wk 1.25 2.88 0 1.88 1.87

32wk 0.89 411 0.63 4.90 2.78

70wk 271 214 0 114 114

*: The number of TUNEL positive cell in the hyperchondrocyte was more than others(p < 0.05).

(p<0.05)(Table4).
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Abstract

The Effectsof aging processon fracture healingin rat callus

Sang Ho Song, M.D.*, Young Hee Choi, M.D."
Shim Chang Gu, M.D., Sang Ho Yoo, M.D. and Young Euy Park, M.D.

Department of Orthopaedic surgery, Incheon Christian Hospital, Incheon, Korea..
Department of Pathology, College of Medicine, Hallym University,
Chunchon, Kangwon-Do, Korea' .

Song’ s Orthopedic Surgery, Puchon, Korea*

Purpose : Patient age significantly influences the rate of fracture healing. The rate of
healing declines with increasing age. The authors compared the aging effect on fracture
healing in the callus of rat femur by the light microscopy.

Materials and Methods : In this study the unilateral, closed fractures were created
in the femur of 18 Sprague-Dawley rats. The rats were killed in three age group(8
weeks.7, 32weeks:6, 70weeks:5) at 2 weeks after fracture. The composition of fracture
callus(new bone, cartilage, mesenchymal layer) was measured by image analyzer with
H-E stain. Immunohistochemical stain (PCNA, TUNEL, TRAP) positive cells were
counted for the comparing of cellular activity according to the aging.

Results : The percent of intramembranous new bone in the younger rat(8
week:22.32%) was higher than the older ones(30 week:7.09%, 70 week:5.37%). The
percent of PCNA positive osteoblast in the newbone decreased according to the
aging(8 week:64.25%, 30 week:57.40%, 70 week:29.54%). The number of osteoclast
in the osteochondral junction at the 8 week(43) was more than that of 30 week(25.57)
and 72 week(29.87). The number of TRAP positive osteoclast was not different as
aging, but the number of osteoclast in the osteochondral junction(5.89) was more than
that in the metapyseal area(2.08).

Conclusions : More new bone was found in younger rat. There was a strong
correlation (p<0.05) between age and PCNA activity. More number of active
osteoblast and osteoclast was found in younger rat femoral fracture callus, which
indicated rapid fracture healing in younger age.

Key words : Fracture healing, Age, Histomorphometry, Immunohistochemistry
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