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— Abstract

THE REACTION OF BONE REGENERATE TO THE VARIOUS FORCE RATIO AND PERIODS ON
DISTRACTION OSTEOGENESIS WITH COMBINED DISTRACTION FORCE AND COMPRESSION FORCE

Uk-Kyu Kim, Sang-Hun Shin, In-Kyo Chung, Cheol-Hun Kim*, Jun Huo*, II-Yun**
Department of Oral and Maxillofacial Surgery, College of Dentistry, Pusan National University,
*Dong-A University Medical School, **Institute of Oral Biotechnology, Pusan National University

The purpose of this study was to identify the effectiveness of the modified distraction osteogenesis (DO)
method with the concept of overdistraction and compression stimulation which have been previously sug-
gested by the authors in 2002 and to explore the optimal distraction-compression ratio and appropriate
latency period for the compression force application during consolidation. The experimental specimens were
assessed with radiography, histologic findings, and dual energy x-—ray absorptiometry (DEXA) after the
conventional DO method and the modified DO technique had been applied on rat mandibles.

Total 60 rats were used for the study. In experimental group of 54 adult rats, mandibular osteotomies
between the first and second molar areas were performed and customized external distractors were applied.
The surgeries on 6 rats of control group also were done with same osteotomy technique and DO device appli-
cation. Final amount of distraction was set-up as 2 mm on both groups. But, in a experimental group of 54
rats, distraction osteogenesis with a compression force were performed with the different distraction-com-
pression ratio and variant latency periods for compression. The three ratio-subgroups were made as distrac-
tion 4 mm group with compression 2 mm, distraction 3 mm group with compression 1 mm, and distraction
2.5 mm group with compression 0.5 mm. In addition, The three subgroups with 3, 7, 11 days latency period
prior compression were allocated on each ratio—subgroups. Total 9 subgroups consisted of 6 rats on each sub-
group. In control group of 6 rats, conventional distraction technique were routinely performed. The rats of
control groups were sacrificed on postoperative 3, 6 weeks after 2 mm distraction. The rats in the experi-
mental groups also were sacrificed on the same euthanasia days of control groups to compare the wound
healing. Final available specimens were 55 rats except 5 due to osteomyelitis, device dislodgement.

Distraction-compression combined group on 6 weeks generally had showed increased bone mineral densi-
ty than the same period group of conventional distraction technique on the DEXA study. More matured
lamellar bone state and extended trabecular pattern in the combined group than those of control group
were also observed in the histologic findings on 6 weeks. In the distraction-compression combined groups,
the bone density of 2.5 mm distraction subgroups with 0.5 mm compression showed the highest value on
the DEXA study among various force ratio groups. In the distraction-compression combined groups, the
bone density of 3 day latency period subgroups showed the highest value on the DEXA study among vari-
ous latency period groups for the compression application.

From this study, we could deduce that 1/5 force ratio for the compression versus distraction, 3 day latency
period prior compression application would be the most effective condition if modified distraction osteogenesis
technique might be applicable. The modified DO method with a compression force may improve the quality of
bone regenerate and shorten total treatment period in comparison with conventional DO technique clinically.

Key words : Distraction Osteogenesis, Distraction force, Compression force, Force ratio, DEXA study
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A48 A FEEE 45| I3 T A9 = ng S
g 237 (Expansion screw, Dentarum, Germany)<
A7} S&8 A (Clearfil F 11, Kuraray, Japan)< ©]-83}
of AA A et om | WA sfetael w8 A7 1.5
mm, Z°| 15 mm& ~3AFEAE(Screw post, Sankin
Japan )= o] &3tath AAAAEL ng & g2 AFE

S8t Al A S FEHEE 9o 3604.
3HA] 0.5 mme] AEAQ o] WstE ERlstHtt. A%

oz >

qe AR AANFAACE, S5 WIAYFO
29 33N A4 (Fig. 1-4).
2. g
D RN Yol) % AFRWAY L £59
4g) 493y

Al E 93] Ketamine HCl (Ketalar®, Yuhan,
Korea)#} Xylazine(Rumpun®, Bayer, Korea)S 1:4%
E3slo] Bmg/100ge) &#o 7 WAl tE e &+
Abeteith, mHE SRR WA o] Sfet & Al R e
o2 Aksle] & 9o nsdY. & 3 A8
2407 1:100,000 T Z-& e-h3F 2% Lidocaine
HClE F&79d FAR T 13 s & 244 4@
B4 02 Ampicillin 25mg(Penbrex R, Yung-JIn
Pharm.co., Korea) EFol s Z&FAFEA
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ey "]333}“‘4 FAFIXES FAES FAARE ¢2

A2 & A7 g-4e % (Clearfil F 11, Kuaray, Japan)<
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5) A4 A
AZE RS #2677 98] Masson s trichrome 2

st} Fetdn 4 (Olympus BH 60, Japan) o2 #2
Eipil

6) WA 28% &% (Dual Energy X-ray Abso-

rptiometry)
HAFHo® 6§ 39 2 mme AAF TN, A W
A AA =5 w2 A HEistd 29 AF(g/em’) =

WEER 4’\]3}5 Z'U % (bone mineral density) 4=
Algsldtt, UE 232 dual energy xray absorp-
tiometry(DEXA)E ©] &3} bone densitometer
(Piximus, USA) & AH&-sto] Ale)stoitt,

7) FHE SHA A g SAFAA 24
A7) }_Z‘,ﬁéﬂi}?—ﬂg AZE AEE SPSS 10.0 pro-

A ol e NEE SAFS A=t
AL A=} -L‘jt’}i“d?r NE e BAHS *—1%‘5}“‘4 N =
A= Cronbach alpha® WA o2 AS3IAT

BE YYFRES AVACE FRI|% UAZI|E &

A= S0l vl BB R Aoz BRUYD

2] A2} e b= Sgont A9 2 845 olF

AR|] 3E5E GG AT B Fhhe
}: o

Aol T7HETFS WA stefae PSRt A

o) vt o= A9 s Fdol YERETh stete] Al
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7ol dehstaL, o|= e whhH ofzo] 77 A

o 9= do7)7]%= sl
g

= AAsT Alshs Aol g E5EE v)Ee] B
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406

2. AR &

WA o] Bhefgol A o] Hel] 2AFEXES} AH AL Rof
WAbd B3 o] e}, I Alelo] oA AAZHE=

Wl 2 9%} AAen eg % F A9,

AR 35 dgehe 2EelE AT 2 mmd @

ahe #97h A AaEd ve WA o] 79
= vehd 7k @40l Bt tix2¢l 2 mm A9
AR o) the Adel vldl WA BEshyel St
Aow Btk oAt 7 A vl e FElg &

ol T = gl

AAZ 67l slBste 1EAA e 35 gl vls) &4
A 234 SV Ho e A BERAE et
k. atet skl FAE A&l veiEen, S 3
HEo 2PAE 71 FEE BT 65 :’—% A=
Zp il AP A el FElgh Ato] & AT gl

>

At (Fig. 5~12).

3. WA 22 = &3 (Dual Energy X-ray Abso-
)

rptiometry
WA 353 A 2T 2 mm AT FEE &
A7 7P A et Ad-r5 BEee B Al
= 3-1-7-

o Hlg] e FUE X2 YA, 1 FoA
37(3 mm A19-1 mm 5, ?%E—%‘ Ag A
7] Bolg)o] 7b4 £& FUE £ 2 HrHE e

65 2FAME 2T 2 mm AT Hlgk] 2.5-
0.5-3-6(2.5 mm A19-0.5 mm 5=, %8 24 A 3
Ao FE7] Folit), 2.5-0.5-7-67(2.5 mm AA-0.5
mm 5%, 58 A4 A 749 ZE] FoT), 3-1-3-6
(3 mm AA-1 mm 5, ‘)F?w‘a 24 A 399 #AE]
FoT), 4-2-3-67(4 mm A9-2 mm 7%, 758 44
A 349 ZEI] HA) A 28 4 FA T =2
Aoz Yehgta, b2 AdFEdME 2TEg ¥
U 27 UEgT (Table 1).
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TS BF UL FA7 B ‘45}‘4 L 4l
=

FE 5 =) NEE
AGE 0416724 $o4L 24 gold % 3o 22
TabE 34 &S Aoz Urhgtk( standard item a =
0.4167).

67 1% TollMe XL 2 mm AATd Bl 2.5
0.5-3-6+, 2.5-0.5-7-6+, 3-1-3-6+, 4-2-3-67 &, &



Table 1. The DEXA Values of Bone Density on Both Groups

FEET NFEZ Y BNTBIMS T2 B2 ]S} HOIAZI0] HE NoF 812

(g

Postoperative 3 week groups Bone density (g/cm?)

Postoperative 6 week groups

Bone density (g/cm?)

2-0-0-3 0.1694
2.5-0.5-3-3 0.1291
2.5-0.5-7-3 0.1397
2.5-0.5-11-3 0.1292
3-1-3-3 0.1507
3-1-7-3 0.1659
3-1-11-3 0.1267
4-2-3-3 0.1113
4-2-7-3 0.1287
4-2-11-3 0.0972

2-0-0-6 0.1854
2.5-0.5-3-6 0.2000
2.5-0.5-7-6 0.2053
2.5-0.5-11-6 0.1546
3-1-3-6 0.2240
3-1-7-6 0.1847
3-1-11-6 0.1392
4-2-3-6 0.2079
4-2-7-6 0.1705
4-2-11-6 0.1622

* The 4 numeric values on each subgroups were indicated respectively as distraction length (mm) - compression length
(mm) - precompression latency period (days) - sacrifice day after distraction application (weeks).

DN Lo =2 =2
o Hlud v
T 0416724 74 #7e] 2UEAE A7 Pe o=
A 59 tH(standard item @ = 0.4167).

A% B3 S|4 A% )] Wgld mE Z
% 9] H7HE Al A5, 3F g = 2.5 mm
2A-0.5 57, 3 mm 219-1 mm 5T, 4 mm A4~
2 mm 579 ZHz7F gkl 0.1331, 0.1478, 0.1103
02 3% 3mm A¥-1 mm FE579 U FX7}F 7
A JEsa, 65 2FddM = 2 7 ¢ Hatgke] 0.1866,
0.1800, 0.1814% 2% 2.5 mm A191-0.5 mm F&9]
FUE FA7F 7P Eo] yEpton of A3 {4
(standard item @) 0.6000°] At

AA-F5 B FolA 58 A8 d FE7)e Fo
Wl e 9% 29 HrE Alde 45, 357 1%
dME 39, 74, 1179 Hatgke] 0.1328, 0.1468,
0.11632.2, 58 444 799 FH71E Fola 75
TUE FA7F 7P =A JE A, 67 2N 4 T
o FFge] 0.2106, 0.1859, 0.15200.2, %32 A&7
349 AE7] Foig A9 LT FA7} /M =o] YE
wom o] Age] §eoA(standard item @)= 0.6000°]
Art.

9171 cronbach agk2 0.6 °o]/olH <] =
ol 2 W H we} EA|F7|7te] 65 A5
Tl A 2.5 mm A19-0.5 mm FEFTH 58 3
3¢ A7) B 219 FEEY /M f2A A
UEFA 7} =) vepd 2o 2 A =i

fe Sy e

ofo
(T R T )

5. =ZIstXN 474

o B B | [

37 1F FolA el 2 mm AHTY A5 29 Al

A 2ol dol e 2dAAI I ZgA As A
o /P B2ER 1 Al A zE F49 vk ¥4
o] HHt} (Fig. 13).

3% 0§ 1953 2eael 2% 2849 shjza)
7F EAEht G A2z F49 7k 4] o Rl
[¢] =7 ]

3 izt Hls) oRE 23] o
£ Aol & HolA| goron o ool A A5 &
2] 2] 2oktt (Fig. 14~16).

65 259 2T 2mm AATE 3FT vaf F&
T 9 2HE Aol o HE FolA HgH ] =9
Aol Z7F BEE D R ASZE g E B5e B
Aot (Fig. 17).

67 1% T Ad-FF 59 AF, giFE 357
Hlg] 28749 o] S7HEH Al SRR 718

b
oy, 65t HlajH s E@4e] S7ketAY, Hs
A, B4 X detue & agd Fe ZA (Fig.
18~20).

53], 3-1-3-6w% 4-2-3-629] 4+ ot
T F ST SUet] Ay
g 240 HFE AsEE dAHe B
Fig. 19, 20).
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27 AL o] &ste] AEHQ FH(continuous
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Al distraction period)= 9/4471=¢] AdE & A
2] H Abo] 2ol 7491
< A8k A7t A& =

AAY At B4, 2 sH o 2= A E9
g} o} T2 A A-g5lojof gt} Tlizarov’= 7N
2 0] &3 HAA &F 1 mm £E= 43] U
= Aol o] dHolga s, A &xo] #s
A S0 WA AFo A 3 0.5 mme] AAEET} 7L
o 1 mm AAdETAME Add FZ2F

L

4
k&
=

DO o £ 2 1o
N

mm A9&ETA = AT £e E4Es Bt
St Paccicone 572 WA sttEo4 0.25 mme] 4l
AEEY o 7MY F& 242 Holv 0.5 mme] A9
T2 4 &2 71l FYg 23E dojd + itk
stgon A&t g W AANIEs) SUMErE &
Aol FXHET Easigitt HIde ASH R A%
Aol ZAAL APsle AR o HE FINE S
T Adthe 7Hstol A A2 AR Fo] 1etE o] A
3 b E AddoA s WA sfetEd A 1 =9
A2 BAvta Bl &5 0.5 mmo] AAEES a2
3)o] FENEE Ad s},

732 7] (consolidation period) = A9 €5 $HEH A
A7} AAE 7] AR 9] 71702 A F A= A
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Explanation of Figures

. Orthodontic apparatus for expansion force. screw posts, expansion screw key.

. Customized device for distraction and compression force.

. Applied state of the customized device on rat s mandible.

. Gross view of extracted rat mandible with the device.

. Radiographic view of 2-0-0-3 control group (2mm distration, 3 weeks sacrifice day after 2mm distrac-

tion: postoperation 27 days)

. Radiographic view of 2.5-0.5-3-3 experimental group (2.5mm distraction, 0.5mm compression, 3 days

latency period prior compression, 3 weeks after 2mm distraction: same sacrifice day as Fig. 5)

. Radiographic feature of 3-1-11-3 (3mm distraction, Imm compression, 11 days latency period prior

compression , 3 weeks after 2mm distration: same sacrifice day as Fig. 5)

. Radiographic feature of 4-2-7-3 (4mm distraction, 2mm compression group, 7 days latency period prior

compression, 3 weeks after 2mm distration: same sacrifice day as Fig. 5)

. Radiographic feature of 2-0-0-6 (2mm distraction group, 6 weeks after 2mm distration: postoperation

48 days).

Radiographic feature of 2.5-0.5-3-6 (2.5mm distraction, 0.5mm compression, 3 days latency period pri-
or compression, 6 weeks after 2mm distration: same sacrifice day as Fig. 9).

Radiographic feature of 3-1-3-6 (3mm distraction, Imm compression, 3 days latency period prior com-
pression, 6 weeks after 2mm distration: same sacrifice day as Fig. 9).

Radiographic feature of 4-2-3-6 (4mm distraction, 2mm compression, 3 days latency period prior com-
pression, 6 weeks after 2mm distration: same sacrifice day as Fig. 9).

Microscopic feature of 2-0-0-3 (same schedule as Fig. 5). Masson' s trichrome, X20, Arrow shows 2mm
distraction site.

Microscophic feature of 2.5-0.5-3-3 (same schedule as Fig. 6), Masson's trichrome, x20, Arrow shows
2mm distraction-compression site.

Microscophic feature of 3-1-11-3 (same schedule as Fig. 7), Masson s trichrome, X20. Arrow shows
2mm distraction-compression site.

Microscophic feature of 4-2-7-3 (same schedule as Fig. 8), Masson s trichrome, X20. Arrow shows
2mm distraction-compression site.

Microscophic feature of 2-0-0-6 (same schedule as Fig. 9), Masson s trichrome, X20. Arrow shows
2mm distraction site.

. Microscophic feature of 2.5-0.5-3-6 (same schedule as Fig. 10), Masson s trichrome, X20. Arrow

shows 2mm distraction-compression site.

Microscophic feature of 3-1-3-6 (same schedule as Fig. 11), Masson' s trichrome, X20. Arrow shows
2mm distraction-compression site.

Microscophic feature of 4-2-3-6 (same schedule as Fig. 12), Masson's trichrome, X20. Arrow shows
2mm distraction-compression site.
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