Experimental study of morphological changes and
stress distribution analysis using Rigid Bodies
Spring Model In the craniomandibular joint after
condylar internal rotation
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Fig.1. Operative findings. (A) The masseter and the medial
pterygoid muscle were desquamated and the mandibular bone
was exposed. (B) A resection range at 5 mm intervals was
positioned at the posterior molar part of the mandible. (C)
The anterior and posterior bone segments were fixated with
wire and the right mandibular body was reduced.

A B C

Fig.2. Oral findings in a rabbit. (A) Preoperative. (B) Immediately after surgery. (C) After 2 weelks. Although the mandibular median
was aligned with the maxillary median in the preoperative stage, immediately after operation, mandibular median was deviating to the
right of the maxillary median. Two weeks postoperatively, mandibular right deviation and incisal abrasion were observed.
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Fig.3. Axial X-ray photographs. (A) Preoperative. (B)
Immediately after surgery. Although the mandibule was
bilaterally symmetrical in the preoperative stage, immediately
after surgery the mandibule was deviating to the right.
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Fig.4. Schematic drawing of the cranial bones of a rabbit. (A) Superior view. (B) Inferior view. Pr, most anterior point of the maxillary
incisal alveolus; In, most posterior point of the protuberantia occipitalis externa; Zy, most lateral point of the zygomatic arch; Em, most
medial point of the articular eminence; El, most lateral point of the articular eminence; Ea, most anterior point of the center of the articular
eminence; Ep, most posterior point of the center of the articular eminence; Pr-In, anterio-posterior length of the skull (distance between
Pr and In); Zy-Zy, maximum width of the zygomatic arch (distance between Zy and Zy); Ea-Ep, anterior-posterior length of the articular
eminence (distance between Ea and Ep); Em-El, medio-lateral width of the articular eminence (distance between Em and El).
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Fig.5. Schematic drawing of the lateral view of the mandibule.
Rh, ramus height.
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Fig.6. Schematic drawing of the superior view of the mandible. (A) The whole mandible. (B) Magnification of the condyle. Inf, most
anterior point of the mandibular incisal alveolus; Coa, most anterior point of the condyle; Cop, most posterior point of the condyle; Com,
most medial point of the condyle; Col, most lateral point of condyle; Inf-Col, mandibular length (distance between Inf and Col); Coa-Cop,
anterior-posterior length of the condyle (distance between Coa and Cop); Com-Col, medio-lateral width of the condyle (distance between
Com and Col); Ss, condylar square in the superior view; CoA, angle between Com-Col and Coa-Cop; Os, occlusal square.
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Fig. 7.

Schematic drawing of the frontal view of the mandible.
InA, inclination angle of incision; MoA, inclination angle of the
molars; Sf, condylar square in the frontal view; Comh, medial
condylar height; Colh, lateral condylar height.
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Flow chart for analysis. In accordance with the loops in this figure, convergence calculations are carried out repeatedly.
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Fig. 10. Changes in measurements of the extracted mandible. (A) Changes in the distance between Ea and Ep. (B) Change in the
distance between Em and EL (C) Change in the distance between Com and Col. (D) Change in the distance between Inf and Col. O,
right side. [, left side. A, control group. Data are presented as X = SD. Wilcoxon signed-ranks test was used for comparison of the left
and right side. Mann-Whitney’s U test was used for comparison with the control group. * p<<0.05.
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Fig. 11. Change of Rh. <, right side. [, left side. 2, control
group. Data are presented as X &= SD. Wilcoxon signed-ranks
test was used for comparison of the left and right side. Mann-
Whitney's U test was used for comparison with the control
group. * p<0.05.
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Fig. 12. Changes in measurements obtained from the superior
view. (A) Changes in CoA. (B) Changes in Ss. (C) Changes
in Os. <, right side. [, left side. A, control group. Data are
presented as X =+ SD. Wilcoxon signed-ranks test was used for
comparison of the left and right side. Mann-Whitney's U test
was used for comparison with the control group. * p < 0.05.
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Fig. 13. Changes of measurements obtained from the frontal
view. (A) Changes in Sf. (B) Changes in Comh. (C) Changes
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Fig. 14. Typical light microscopic findings of anterio-lateral side (A) and anterio-medial side (B) in left condyle after 2 weeks. D, disc; C,
condyle; P, proliferation zone; H, hypertrophy zone; A, articular cavity. Bar indicates 100z m. The articular cavity became narrower or
disappeared. Proliferation zone was compressed and the density of cells increased and hypertrophy zone became thicker at the anterio-
lateral side of the left condyle. HE stain, original magnification X 80.
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Fig. 15. Typical light microscopic findings for (A) the anterior side and (B) anterio-medial side of the left condyle after 8 weeks. D, disc; C,
condylar cartilage; P, proliferation zone; H, hypertrophy zone; A, articular cavity. Bar indicates 100 «m. The articular cavity disappeared
and the thickness of cartilage zone decreased at the anterior side of the left condyle. An arrow indicates expanded lacunae in hypertrophy

zone. HE stain, original magnification X 80.

Fig. 16. Typical light microscopic findings for (A) the anterio-lateral side and (B) the anterio-medial side of the left condyle at after 12
weeks. D, disc; C, condylar cartilage; P, proliferation zone; H, hypertrophy zone; A, articular cavity. Bar indicates 100 2 m. The density of
cartilage cells at the anterio-lateral side of the condyle was increased more than that at the anterio-medial side of the condyle. An arrow
indicates the columns of cartilage cells. HE stain, original magnification X 80.
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Fig. 17. Typical light microscopic findings for the anterior side of the right condyle (A) after 2 weeks. The thickness of cartilage zone
decreased. (B) after 8 weeks. An arrows indicates expanded lacunae in hypertrophic zone. D, disc; C, condylar cartilage; P, proliferation
zone; H, hypertrophy zone; A, articular cavity. Bar indicates 100, m. HE stain, original magnification X 80.
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Fig. 18. Stress distribution changes in the condyle. Stress
distribution on the condylar surface is expressed with the
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Fig. 19. Changes in the displacement volume obtained as a
result of analysis with the rigid bodies spring theory. [, left
side. A, right side. Data are presented as X = SD. Wilcoxon
signed ranks test was used for comparisons of the left and
right side. * p<<0.05.
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Fig. 20. Schematic representation of stress distribution in the temporomandibular joint from the superior view. (A) Whole mandibular
image. An arrow indicates direction of mandibular deviation. (B) Magnification of the left condyle. Arrows indicate stress distribution on
the left condylar surface. The shortest distance between an optional point on the ellipse rotated after osteotomy and the corresponding
point on the original ellipse are equal to relative stress.

Fig. 21. Changes in the extracted mandibular bone from the superior view. (A) Preoperative. (B) After 2 weeks. (C) After 8 weeks. A
comparison with the preoperative mandible shows that the anterio-lateral side of the left condyle is pressed to be flat.
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Fig. 22. Schematic representation of stress distribution changes in the left condyle from the superior view. (A) Preoperative. (B) After 2
weeks. (C) After 8 weeks. Arrows on the left condylar surface show stress distribution, and length of arrows indicate relative stress
degree. Although stress was concentrated on the anterio-lateral side of the left condyle immediately after the operation, it was modified
by morphological changes in the condylar surface and had become distributed equally over the condylar surface after 8 weeks.
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Experimental study of morphological changes and stress distribution analysis using Rigid Bodies Spring Model In
the craniomandibular joint after condylar internal rotation Kouichirou Ueki, Department of Oral and Maxillofacial
Surgery, School of Medicine, Kanazawa University, Kanazawa 920 — J. Juzen Med Soc., 106, 514 — 532 (1997)

Key words craniomandibular joint, sagittal split ramus osteotomy, morphological changes, stress distribution, rigid
bodies spring model

Abstract

Sagittal split ramus osteotomy is a procedure most frequently applied in orthognathic surgery. When bone segment
fixation is carried out together with jaw deviation and changes in occlusion, the condyle often causes changes of the position
and of the longitudinal axis angle in the articular fossa. The reason for these changes is speculated to be that abnormal
external loads are being exerted onto the temporomandibular joint. Therefore, the purpose of this study was to
macroscopically and histologically examine morphological changes in the craniomandibular joint of animals, changes which
could have been caused by changes in the position and angle of the condyle. A method was established to correlate changes in
the position and angle of the condyle with mandibular lateral deviation. Adult male Japanese white rabbits (body weight 3 kg,
12 to 16 weeks old) were used for this experiment . After a resection range at 5 mm intervals was positioned with a dental
engine on the posterior molar parts of the mandibule, mandibular body osteotomy was performed under general anesthesia.
Anterior and posterior segments were fixated with wire in association with 5 mm reduction of the right mandibular body.
After measuring points were determined on the extracted cranial bone and mandibule, these two items were measured three
dimensionally with a caliper. The relevancy of each measurement was analyzed statistically.. Preparation of a two
dimensional rigid bodies spring model (RBSM), allowed us to identify contact stress distribution on the condylar surface
dynamically on the lateral view. In addition, contact stress distribution was studied geometrically on the axial view. After 2
weeks, the left side showed significantly higher values for medio-lateral width of the condyle (Com-Col) than the right side
(reduction side) (P<0.05). After 4 weeks, the left side showed lower values than the right side for the Condylar angle (CA),
that is, the angle between medio-lateral width of the condyle (Com-Col) and antero-posterior length of the condyle (Coa-Cop),
while the left lateral condylar height (Colh) showed higher values than the other condylar heights (P<0.05). As the result of
stress analysis using RBSM, it was concluded that the left condyle tends to be more unstable than the right one after 2 weeks.
Histological findings after 2 weeks showed pressure on the proliferation zone and high density at the antero-lateral side of the
left condyle. After 8 weeks, though the thickness of the hypertrophy zone had decreased, the number of cells had increased.
However, the condylar surface of the extracted mandible was pressed flat because of the excessive load at the anterio-lateral
side of the left condyle. This suggested that the morphological changes of the condyle caused dispersion of increasing
downward stress in the area, because the left lateral condylar height (Colh) showed higher values than the other condylar
heights.




