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Viability of Chondrocytes in the Crushed Septal Cartilage Depending
on Degree of Crushing and Their Mechanism of Cell Death

Young-Jun Chung, MD', Tae-Hyun Moon, MD', In-Sang Kim, MD', Jin-Chul Ahn, PhD? and Jung-Wook Kang, BA®
' Department of Otorhinolaryngology-Head & Neck Surgery; *Medical Laser Research Center, Dankook University

College of Medicine, Cheonan, Korea

ABSTRACT

Background and Objectives : To analyze the viability of chondrocytes according to different degrees of crushing and to inves-
tigate the mechanism of cell death in the crushed cartilage. Subjects and Method : Septal cartilages were obtained from 22
patients and cartilage pieces were allocated to four groups ; normal, mildly crushed, moderately crushed and severely crushed.
The cartilage specimens were stained with hematoxylin-eosin and examined under light microscope. The viability of the chon-
drocytes and the mechanism of cell death were assessed using confocal laser scanning microscopy. Results : As crushing inten-
sity increased, chondrocyte viability significantly decreased. The mechanism of cell death was mainly due to necrosis rather than
apoptosis. Conclusion : The viability of chondrocytes in the crushed cartilage depends on the degree of crushing. The mechanism
of cell death after crushing is mainly necrosis. Therefore, for the clinical use of the crushed cartilage, slight overcorrection and
standardization of the degree of crushing are recommended. (Korean J Otorhinolaryngol-Head Neck Surg 2009;52:149-53)
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Fig. 1. Four cartilage groups. Images from left to right corres-
pond to normal, mildly crushed, moderately crushed, and seve-
rely crushed cartilage.

Table 1. Groups of cartilages according to degree of crushing

Skl

Z}zke] gapellA AF st vlE4
o] &3] 5xX5 mm FAH4E FH Y A=H
om o]& AF U&7 (Cottle cartilage crusher, model
523900 ; Karl Storz GmbH & Co, Tutlingen, Ger-
many) & °©l-§3to] Az thE AER fHete] 1 Ak
upet Z 4700 g w2 Wrlvh(Fig 1).
HzS AleHA] 92 AFAS FAT (normal) .2, 9t
P59 A7e] 5.1~7.0 mmolH S oJs] A7
AeS AT 4T (mildly crushed) &2, 27o]
~8.5 mmo]iL FEel 93 okt YAl AEE T
otz (moderately crushed) &2, A7o] 8.6~10
mmo|il FEe] o3| ks8] FRYAE AES 1% o
2 (severely crushed) © 2 7425} tH(Table 1).

oln =~ &0 _|>4.
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Normal Mildly crushed Moderately crushed Severely crushed
Diameter (mm) 5%X5 5.1-7.0 7.1-8.5 8.6—10
Affection by gravity No No Slight bend Complete bend

Fig. 2. Hematoxylin-eosin (H & E) st- |
ain of crushed cartilage. A @ As cru-

shing degree increases, normal ch-
ondrocytes and tissue matrix are
reduced. B : As crushing intensity
increases, live cells (arrow) are re-
duced and dead cells (arrowhe-
ad) are increased. A : Magnifica-
fion, x40. B : Magnification, x100. |
A-1, B-1 : Normal, A-2, B-2: Mildly |
crushed, A-3, B-3 : Moderately cru-
shed, A-4, B-4 : Severely crushed.
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Fig. 3. Confocal microscopic im-
ages of crushed cartilages. Cells
are stained for live (green) and
dead (red) cells. The area of dead
cells is markedly increased as cru-
shing degree is increased (calcein-
AM and ethidium homodimer-1 st-
aining, original magnification x20).
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Fig. 4. ANOVA test. Relative rate (%) of live chondrocytes in )
different crushing groups. *p<0.05. Cakmak &< &+

Fig. 5. Hoechst & PI staining of chondrocytes. Live cells are stained blue (arrowhead), apoptotic cells are stained as blue fragments
(arrow), and necrotic cells are stained red (red arrow). Necrotic cells are dominant in moderately and severely crushed cartilages,
however apoptotic cells are rarely observed in all groups (Hoechst & PI staining, original magnification < 300. A : Normal. B : Mildly
crushed. C : Moderately crushed. D : Severely crushed).
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