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MANDIBULAR DISTRACTION OSTEOGENESIS WITH COMPRESSION FORCE
- BONE DENSITY, HISTOLOGICAL FINDINGS AND TMJ RESPONSE

Young-Seob Hwang, June Heo, Uk-Kyu Kim, Seong-Jin Park,
Dae-Seok Hwang, Yong-Deok Kim, In-Kyo Chung, Kyu-Cheon Kim*
Dept. of Oral & Maxillofacial Surgery, *Dept. of Oral Anatomy, College of Dentistry, Pusan National University

The purpose of this study was to investigate the biomechanical, histologic findings of distracted regener-
ate and TMJ response in modified distraction osteogenesis (DO) technique combined with compression
force as biomechanical stimulation method which has been suggested in 2002, and developed thereafter by
authors. This study was performed with two experiments. First experiment was designed to explore the
optimal ratio of compression force versus distraction force for the new DO technique. Second experiment
was planned to evaluate the reaction of TMJ tissue, especially condyle, disc after application of the DO
technique with compression force.

Total 52 New Zealand adult male-rabbits with 3.0kg body weight were used for the study. For the first
study, 30 adult male-rabbits underwent osteotomy at one side of mandibular body and a external distrac-
tion device was applied on each rabbit with same manner. In the control group of 10 rabbits, final 8 mm of
distraction with 1 mm rate per day was done with conventional DO technique after 5 latency days. For the
experimental group of 20 rabbits, a compression force with 1 mm rate per day was added to the distracted
mandible on 3-latency day after over-distraction (over-lengthening). As the amount of the rate of compres-
sion versus distraction, experimental subgroup I (10 rabbits) was set up as 2 mm compression versus 10
mm distraction (1/5) and experimental subgroup II (10 rabbits) was set up as 3 mm compression versus
11 mm distraction (about 1/3). All 30 rabbits were set up to obtain final 8 mm distraction and sacrificed
on postoperative 55 day to analysis on biomechanical, and histologic findings of the bone regenerates.

For second study, 22 adult male-rabbits were used to evaluate TMJ response after the DO method appli-
cation with compression force. In the control group, 10 rabbits was used to be performed with conventional
DO method, on the other hand, in a experimental group of 10 rabbits, 10 mm distraction with 2 mm com-
pression (1/5 ratio) was done. The remaining 2 rabbits served as the normal control group.
Histomorphologic examinations on both condyle, histological studies on condyle, disc were done at 1, 2, 3,
4, 7T weeks after distraction force application.

The results were as follows:

1. On the bone density findings, the experimental group II (force ratio - 1/3) showed higher bone density

than the other experimental group (force ratio - 1/5) and control group (control group - 0,2906 g/cm®,
experimental group I - 0.2961 g/cm®, experimental group II - 0.3328 g/cm?).
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2. In the histologic findings, more rapid bone maturation like as wide lamellar bone site, more trabeculae
formation was observed in two experimental groups compared to the conventional DO control group.

3. In morphologic findings of condyle , there were no differences of size and architecture in the condyle in

the control and experimental groups.

4. In histologic findings of condyles, there were thicker fiberous and proliferative layers in experimental
group than those of control group until 2 weeks after distraction with compression force. But, no differ-
ences were seen between two groups on 3, 4, 7 weeks after compression.

5. In histologic findings of disc, more collagen contents in extracellular matrix, more regular fiber bundles,

and less elastin fibers were seen in experimental group than control group until 2 weeks after distrac-
tion with compression. But, no differences were seen between two groups on 3, 4, 7 weeks after dis-

traction with compression.

From this study, we could identify that the new distraction osteogenesis technique with compression
stimulation might improve the quality of bone regeneration. The no remarkable differences on TMJ
response between control and experimental groups were seen and TMJ tissues were recovered similarly to
normal TMJ condition after 3 weeks. These results appeared the DO technique might be a new tool with a

few advantages for DO application.

Key words: Distraction Osteogenesis, Compression stimulation, Bone density, TMJ response
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(@) AT A4 9 132 A48 2249
4799 S mm AMEE D] AL £407, REAY  sbEd] KIS fEde] 2919 4D AIRRY
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10 B2le) hEeld S 1 mmel SER 1097 2% BRAE 928 200149l vhisS H44 Aol
£ AdEhn, 38 A7) ef Floz 2 Ut amm el dEUeR ol @ Hol ARAAR nAn
o B4EE AdAE AL AYF | (B4H/BAF Y - ALAFAILPBSENE FU T, LIPS W)
1/5)& Ak, = o2 10 viele] 7t A 315 1 mm ato] A ghE dao] A ZHEE SISt o] %4
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< AHF s (Fig. 1). A7t &3 2 ATt 4o oz ey yus
Aldate] 4 pm A9 ZAAA G A &SI
(3) iz A9 4 822
10 vlele] 7tEdA 2d9E Al 5 4 T, oFF 1 2) & AAhd
mme $E=Z 88Ut FAGES Aldsta, 24130 ¢4 (1) &4 &
936 7k AT M A A4 55U Fol AE EE sbEd 34 % A4 EEEERERRY
< 8ukE) 7t g 5H T T A AEE St 02 FABISI T
. . Euthanasia
Osteotomy Distraction (8 days) (8 rabbits)
| | | N /
0 5 55 days
Control group (10 Rabbits)
Osteotom Distraction (10 days) Compression (2 days) Euthanasia
v ¥ P v (7 rabbits)
0 5 15 18 20 55 days
Experimental group 1 (10 Rabbits)
Osteotom Distraction (11 days) Compression (3 days) Euthanasia
Y Y P Y (8 rabbits)
0 5 16 19 22 55 days
Experimental group 2 (10 Rabbits)

Fig. 1. Experiment I. schedule.
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Dlstl action compression euthanasia (2 rabbits on each day)
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Experimental group (10 rabbits)
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osteotomy (10 days) / /
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Control group (10 rabbits)

Fig. 2. Experimental Il. schedule.
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DO 2%), & 73] 25 (& ¥ 344, DO 3F), & 74317 3
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Table 1. The Density Values of Bone Regenerate (g/cm?)
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=
gt 7FE dtet Tl gk 24
S icro-caliperg AH&-ste] AgT
Tl A ] A4S WS stetabTel s S5t
#S SAS 9.2 (SAS Inc. NC, USA) 5AZz=1
S WA student-t testS A&t}

(3) 3t} 5 & - el that 22 8kA HAt

A A 24 Sefol=e B W R st ret
Ao tiste] H-E (Hematoxylin-eosin 3
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HETANE B F9 FRLA P okwd A
5, AJBFS FVE Job 249 EHo] 2 B

. Groups Control Experimental 1 Experimental 2
Animal No.
1 0.2133 0.1935 0.3112
2 0.2304 0.2722 0.4068
3 0.3317 0.3160 0.3485
4 0.3602 0.3198 0.3341
5 0.4006 0.4748 0.4077
6 0.3102 0.2254 0.3591
7 0.2510 0.2710 0.3128
8 0.2270 X 0.1821
Mean 0.2906 0.2961 0.3328
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Fig.3. DO site of Control group. Fig.4. DO site of Experlmentalgroup 1. Fig.5. DO site of Experimental group 2.
1, d3Est A9 7k P4 EAtk(Fig. 3). A
APT 1dM e A T 283 Fo} 22L& A9
wot oAl A, AR 229 S7F axdo] Holn Jhs 2-1. stet BHF A& S AL
G 799 frEol As FHEE g H 2 At 2
=3} £ Ayt AdEHe T FeleA 83ke D A3z
o gzl vl Rt = FA S7PF JEETHFig. 4).
ART 204 S BN dxaiy S71E =9 2) &
A o] BYx, AdT 194 B A4 24 39
dAa A&d & 2245 #2E  den iR 2 atet 7o AXAA A £58 e SAEES
A s dAE BES Blon tixad vl Fe A g Aol A AGS stk AL w9 shot
g ST A EA7F #RH A (Fig. 5). I AR FEgHH 0w ol g Afol o] fidla, AT

A2 Bts 20 UG A2l BE 27
blal ol A ebkert BARSE fol@ Aol ol

Table 2. Measurement of condylar morphology in experimental group
(A-P: length of condyle, M-L: width of condyle. n=10)

experimental group A-P(Rt) A-P(Lt) P-value M-L(Rt) M-L(Lt) P-value

EO 10.8 10.9 4.8 4.5

EO 11.2 10.2 4.2 5.1

E1l 104 10.1 4.5 4.3

E1l 11 10.75 5.15 5.95

B2 12.1 12.2 4.7 5.15

B2 10.9 11.0 5.0 4.8

B3 10.85 11.2 5.35 5.3

B3 11.1 11.45 5.75 6.3

E6 11.65 11.4 5.35 5.1

E6 11.45 11.45 5.0 5.3

mean 11.15 11.07 541 4.98 5.18 .200

EO : 0 week after compression (1 week later after DO). E1 : 1 week after compression (2 week later after DO).
E2 : 2 weeks after compression (3 week later after DO).  E3 : 3 weeks after compression (4 week later after DO).

E6 : 6 weeks after compression (7 week later after DO).
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Table 3. Measurement of condylar morphology in control group

(A-P: length of condyle, M-L: width of condyle. n=10)

control group A-P(Rt) A-P(Lt) P-value M-L(Rt) M-1(Lt) P-value
CcOo 10.2 10.8 54 4.6
CcOo 10.3 10.5 5.1 5.3
C1 11.0 10.8 4.6 4.6
C1 10.4 10.4 4.3 4.8
C2 11.2 10.9 5.0 54
C2 10.4 10.2 4.7 4.5
C3 10.9 10.5 5.6 52
C3 11.3 11.3 5.25 54
C6 12.3 12.1 59 6.6
C6 10.35 11.0 4.4 4.25
mean 10.84 10.85 899 5.03 5.07 784

CO : 1 week later after DO
C3 : 4 weeks later after DO

Fig.6. Normal condyle (H-E stain, % 100).
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W g 5o A BAHCR o3
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C1 : 2 weeks later after DO
C6 : 7 weeks later after DO

C2 1 3 weeks later after DO

Fig. 7. Normal condyle (Van Gieson stain, x 100).

AE 71 2718 BT (Figs. 6, 7, F: fibrous layer, P:
proliferative layer, H: hypertrophic layer, B: bone).

%59 A% AFD0 15 5 52)
5 AZ9 HEGAII RTINS 3939 =
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> -‘&%LEW w‘w)\'q Figs.



Fig. 8. Experimental condyle (H-E, % 100).

Fig.9. Control condyle (H-E, x100).

Fig. 10. Exp. condyle (Van Gieson, x100).

Fig. 11. Control condyle (Van Gieson, x100).

Fig.12. Exp. condyle (H-E,x100).

# F(D0 2% 5 %)

1
997 HF AT HE GAINE 2T v4)
F4%0] 498 FHn A 7149 $w7k de et
oil @Azl +5 dad dd gl LAY

01 EHZI;LE‘:} A |
3= A h(Figs. 12
~15, &= 20?:-1541).

Fig. 13. Control condyle (H-E, X 100).

(DO 35 F9 5Y)

< H-EQ&Zol| Atz H]s) 4
ol H A1 22459 AR 9 FHH A= 71de
TEE U2 E v e et Adae A
Z(lacunae)e] © FA Holi F4F9] A|X A7|% AA
UERTE Van Gieson @A101419] w4 JHH == tx
T3} f AR UEbRdtH(Figs. 16~19, 4 2794).
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Fig. 14. Exp. condyle (Van Gieson, x100). Fig. 15. Control condyle(Van Gieson, x100).

Fig. 16. Exp. condyle (H-E, x100). Fig. 17. Control condyle (H-E, x100).

Fig. 19. Control condyle (Van Gieson, x100).

Fig. 18. Exp. condyle (Van Gieson, x100).

FZEY. dE2TAME dE7de] Hol7] H‘a}oﬂ‘:}

Van Gieson @44 o9 194 Sr& gz 79

@ 54 A& 357 F(DO 45 4 59)
X o
FAVEHA BT (Figs. 20~23, % 412 &H).
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E
°f

T

&\'.1
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Fig. 20. 20. Exp. condyle(H-E, x100).

Fig. 22. Exp. condyle (Van Gieson, % 100).

Fig. 24. Exp. condyle (H-E, X100).

ol9la, dgTellM Az 2
1743

A glol BT FA1E
77k vlsla 2o, 434

F29 BHE} o ergIglend,
SERELERE EL A REEL N ESC!
2749] Y4o] ZHErHFigs. 24, 25, 5% 6227,

Fig.21. 21. Control condyle (H-E, x100).

Fig. 23. Control condyle (Van Gieson, x100).

Fig. 25. Control condyle (H-E, x100).
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Fig.26. Normal disc (Verhoeffs /H-E double stains).

Fig. 27. Exp. disc(H-E, x100). Fig. 28. Control disc (H-E, x100).

Fig..29. Exp. disc (Verhoeff, x100). Fig. 30. Control. disc (Verhoeff stain x100).
(2) Ag+ 1, o]FFMo R BNFE AESY] 98 Verhoeffs
O+59 48 ‘ffr(DO 15 29 5%) elastin GAM = a2 vwste] Agdelre] &
o 4 H- E AW = g o] izt Hlsto] A 8 A F AA vebgth(Figs. 27~30).

ZA| 2% Al XE(chondrocyte-like cel) 7} A #2= 9L



@58 44 17 (D0 27 £ 5Y) @58 244 27 £(DO 37 £ 5Y)

LT E H-E 988 A8 olxe AxsF7 o Ao A H-E 9473 #-deE dizao] vlg) w
Zatol| vlgl Ax|t mPdo] Wi bl F45 11 AAo] w7t R Ao A HATH Ak
o] e v E B om| Verhoeff s elastin 4 A B2, Verhoeff s elastin G2 2E A tolA
FoRe AT 2T A FRol frAksAl HEE izl Hlsl B4 Aol e Ax mdd ol B
AchH(Figs. 31~34, &= 20€4)). el tHFigs. 35~38, & 27¢4).

Fig. 31. Exp. disc (H-E, x100). Fig. 32. Control disc (H-E, x100).

Fig.33. Exp. disc(Verhoeff stain, x100). Fig.34. Control disc (Verhoeff stain, x100).

Fig. 35. Exp. disc (H-E, x100). Fig. 36. Control disc (H-E, x100).
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Fig.40. Control disc (H-E, x100).

Fig.41. Exp. disc (Verhoeff stain, x100).

4_9_3

g 448 Z(DO 475 =9 5Y)

ol A e H-E G4 a3} o)
A wgd ARt Fagol A i
U, Verhoeff s elastin G402 AdFo] o
Hal) B el o2 thd A weEe o] A

WtH(Figs. 39~42, & 4144).

i ®

rig A

o~
T
&l

544

Fig.42. Control disc (Verhoeff stain, x100).

® 454 4% 65 ¥ (DO 7+ F¢ F)
e azlo] gl Bddnst Aol fA}
2 5= Qh(Figs. 43, 44, % 629A).



Fig.43. Exp. disc (Verhoeff stain, X 100).
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