Experimental Study on Healing Process of
Condylar Fracture : Comparison of Morphological
Changes between Adolescent and Adult Rabbit
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Fig.1. Schematic drawing of operative procedure. (A)
Drawing of lateral view of the rabbit mandible. A a-b line
indicates lateral view of the fracture. (B) Drawing of frontal
view of the fracture, the angle indicates nearly 135° toward
medial direction.
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Fig. 2. Intraoperative picture. (A) Osteotomy of condylar process using microturbin. (B) After osteotomy of condylar process.
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Fig.3. Photomicrograph showing frontal view of the
experimental fracture, nearly 135° rotational dislocation
toward medial direction. C, condyle; D, disc; R, mandibular
ramus; M, medial; L, lateral. HE stain, X 2.5. Scale bar
indicates 1lmm.
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Fig.4. Growth curve of rabbits. Area In, infant period; Area
Ao, adolescent period; Area Ad, adult period; Area Ge,
geriatric period.
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Fig.5. Anatomical land marks of the rabbit mandible.
Applying these land marks for assessment of skeletal
reparation. Co, condyle; Me, menton; In, incisor.
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Fig. 6. Picture of the over view of the condyle. (A) An
adolescent rabbit 4weeks after operation. (B) An adolescent
rabbit 6weeks after operation. (C) An adolescent rabbit
8weeks after operation. (D) An adolescent rabbit 12weeks
after operation. (E) Schematic drawing of the morphological
changes of the reparative tissue transforming to normal
condyle. Dotted area showing new condyle formation. a,
anterior; p, posterior; m, medial; 1, lateral.

Fig. 7. Picture of the over view of the condyle. (A) An adult
rabbit 4weeks after operation. (B) An adult rabbit 6weeks after
operation. (C) An adult rabbit 8weeks after operation. (D) An
adult rabbit 12weeks after operation. (E) Schematic drawing of
the morphological changes of the reparative tissue
transforming to normal condyle. Dotted area showing new
condyle formation. a, anterior; p, posterior; m, medial; 1,
lateral.
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Fig. 8. Postoperative changes of the length between the right
and the left of Co-Me. (A) An adolescent rabbit. (B) An adult
rabbit. @, right side; B, left side. Each value represents X £ SD.
Showing significant difference between the right and the left
side using student's t-test. *P<0.05.
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Fig. 9. Postoperative changes of the length between the right
and the left of Co-In. (A) An adolescet rabbit. (B) An adult
rabbit. @, right side; B, left side. Each value represents X =4
SD. Showing significant difference between the right and the
left side using student's t-test. *P<0.05.

Fig. 10. Photomicrograph of frontal view of a non-surgical rabbit
craniomandibular joint (CMJ). C, condyle; D, disc; E,
eminence; M, medial; L, lateral. He stain, X 16. Scale bar
indicates 100 zm.
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Fig. 11. Photomicrograph of frontal view of an adolescent
rabbit, 2weeks after operation. (A) Low-magnification
photograph, showing production of a condyle-like tissue.
Hypertrophy in discal tissue noted. (B) Schematic drawing of
the specimen. Dotted area showing new condyle formation. C,
dislocated condyle; D, disc; N, condyle like tissue; R,
mandibular ramus; M, medial; L, lateral. HE stain, X 2.5.
Scale bar indicates lmm.

Fig. 12. High-magnification photograph of a condyle-like tissue,
2weeks after operation. Proliferation of fibroblasts noted. HE
stain, X 50. Scale bar indicates 50 ,..m.
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Fig. 13. Photomicrograph of frontal view of an adolescent
rabbit, 4weeks after operation. (A) Low-magnification
photograph. Interposition of fibrous tissue between a new
condyle and a hypertrophic disc noted. (B) Schematic drawing
of the specimen. Dotted area showing new condyle formation.
C, dislocated condyle; D, disc; N, new condyle; R, mandibular
ramus; M, medial; L, lateral. HE stain, X 2.5. Scale bar
indicates Imm.
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Fig. 14. Photomicrograph of frontal view of an adolescent
rabbit, 6weeks after operation. (A) Low-magnification
photograph. General appearance of a new condyle resembled
a normal one. (B) Schematic drawing of the specimen. Dotted
area showing new condyle formation. C, dislocated condyle;
D, disc; N, new condyle; R, mandibular ramus; M, medial; L,
lateral. HE stain, X 2.5. Scale bar indicates Imm.

Fig. 15. High-magnification photograph of the surface of new
condyle, 6weeks after operation. Showing three distinctive
cartilage layers. HE stain, X 25. Scale bar indicates 100 .. m.
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Fig. 16. Photomicrograph of a frontal view of an adolescent
rabbit, 12weeks after operation. (A) Low-magnification
photograph. Skeletal maturation of a new condyle noted. (B)
Schematic drawing of the specimen. Dotted area showing new
condyle formation. D, disc; N, new condyle; R, mandibular
ramus; M, medial; L, lateral. HE stain, X 2.5. Scale bar
indicates 1lmm.

Fig. 17. High-magnification photograph of the surface of new
condyle, 12weeks after operation. The findings were similar to
the normal cartilage layers. HE stain, X 50. Scale bar
indicates 50 £ m.
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Fig. 18. Photomicrograph of frontal view of an adult rabbit,
4weeks after operation. (A) Low-magnification photograph.
Interposition of muscle and fibrous tissue noted, and showing
no osseous tissue production. (B) Schematic drawing of the
specimen. C, dislocated condyle; D, disc; R, mandibular
ramus; M, medial; L, lateral. HE stain, X 2.5. Scale bar
indicates Imm.
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Fig. 19. Photomicrograph of frontal view of an adult rabbit,
6weeks after operation. (A) Low-magnification photograph.
Showing a production of condyle-like tissue and a hypertrophic
disc. (B) Schematic drawing of the specimen. Dotted area
showing new condyle formation. C, dislocated condyle; D,
disc; N, new condyle; R, mandibular ramus; M, medial; L,
lateral. HE stain, X 2.5. Scale bar indicates Imm.
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Fig. 20. Photomicrograph of frontal view of an adult rabbit,
12weeks after operation. (A) Low-magnification photograph. A
new condyle with irregular surface and a hypertrophic disc
were noted. (B) Schematic drawing of the specimen. Dotted
area showing new condyle formation. C, dislocated condyle;
D, disc; N, new condyle; R, mandibular ramus; M, medial; L,
lateral. HE stain, X 2.5. Scale bar indicates 1mm.

B
Fig. 21. High-magnification photograph of the surface of a new
condyle, 12weeks after operation. Showing fibrous tissue
coverage and a few chondrocytes noted. HE stain, X 50.
Scale bar indicates 50 x m.

SHIZPIFTHBIZEMEER L (P<0.05). BT TIAHE
LECBWTEE THEOEL LB L THFRICEMELE R L
(P<0.05). F 7=, LhaEMIRE & BURIARE L DT, ShAEWIEE
DR SE T THEISMERL 2 (P<0.05) (W22, 23).
Pt EEEIZ B CIZIER THE L IZIZRABOMTS - 7.
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Fig. 22. High magnification photomicrograph of frontal view of
an adolescent rabbit, 6weeks after operation staind with
PCNA. PCNA-positive cartilage cells were observed in the
proliferating layer (Arrow heads). PCNA immunohistochemical
stain, X 50. Scale bar indicates 50 zm.
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Fig. 23. Distribution of postoperative PCNA-positive cartilage
cells. [, adolescent rabbit (n=3 each); B, adult rabbit (n=3
each). .Control indicates non-surgical rabbit. Each value
represents X +=SD. *Showing significant difference between
the control and the operated group using student's t-test.
P<0.05. **Showing significant difference between adolescent
rabbit and adult rabbit using student's t-test, P<0.05.



432 ¥

Table 1. Postoperative morphological changes

Affected lesion

Adolescent group (postoperative period)*

Adult group (postoperative period)*

Generation of fibrous tissue
Mature of fibrous tissue
Condyle-like osseous tissue

Reparative tissue

Recovery of almost normal ramus height

Fractured fragment Progressive resorption
Disc Enlargement
Almost normal

Surface tissue of new condyle  Proliferation of fibroblasts
Cartilage layer formation
Almost normal cartilage

2) Generation of fibrous tissue )
6) Hypertrophy of fibrous tissue 8)
(12) Incomplete condyle (12)
(12-24) Incomplete recovery of ramus height ~ (12)
(4-24) Progressive resorption (6-12)
2,4) No change (2,4)
(6-24) Enlargement (6-12)
) Proliferation of fibroblasts (6)
6) Proliferation of chondrocytes (12)
(12)

*Weeks
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Experimental Study on Healing Process of Condylar Fracture — Comparison of Morphological Changes between
Adolescent and Adult Rabbits — Koichi Terai, Department of Oral and Maxillofacial Surgery, School of medicine,
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Abstract

The present study was purposed to examine the influence of location and age on fractures of the condylar process. An
animal fracture model has been established in order to investigate morphological changes, especially the healing process.
Japanese White Rabbits were used in the present experimental study. The ages of the rabbits for examination comprised of
both adolescent and adult stages. Fracture was made at the notch of the mandibular ramus. After complete abrasion from
surrounding tissue, the fractured condylar process was dislocated nearly 135 degrees of rotation toward the medial direction.
Morphological changes were assessed at 4, 6, 8 and 12 weeks after operation. Histological and immunohistochemical changes
were assessed at the 2, 4, 6, 8 and 12 weeks after operation. These examinations were also specificially made on the
adolescent rabbits 24 weeks after operation. Sections were stained with H-E and proliferating cell nuclear antigen (PCNA).
The percentage of positively stained cells was calculated in sections stained with PCNA. Results of the changes in gross
morphology showed skeletal repair in both groups, and was assured by measurement of the distances among anatomical
landmark points. A condyle-like tissue was observed after the 4th week in the adolescent group, and after the 8th week an
almost complete condylar shape was observed. On the other hand, a hypertrophic condyle was observed after 12 weeks in the
adult group. Results of histological findings showed condyle-like tissue formation in the 2nd week in the adolescent group.
Condyle-like tissue noticed in the 4th week had grown to a nearly normal condyle in the 12th week after operation, and three
distinctive layers were noticed in the surface cartilage layer. Condyle-like tissue in the 6th week of the adult group had grown
to a nearly normal condyle in the 12th week, however, fibrous cartilage with no distinctive layers was observed. PCNA
positive cell distribution was significantly higher in the adolescent group than in the adult group throughout all the
examination period. Comparing the PCNA value of the adolescent group to the adult group, a significantly high value was
noted in the adolescent group until the 8th week. From these results, the adolescent group showed more complete remodeling
than the adult group. Consequently, it is suggested that non-surgical procedure is recommended for child patients with
condylar fractures and surgical reduction is implied for those patients who are adult.




