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ABSTRACT

Background and Objectives : Mastoid obliteration surgery is a modern trend for otitis media either with or without cholestea-
toma. The aim of our study is to evaluate histologic changes and effectiveness over time resulting from different obliterating
materials and the existence of mucosa in the temporal dorsal bullae in rats. Materials and Method : Rats were divided into two
groups. One group had the mucosa removed and was treated with trichloroacetic acid (TCA). The other group with mucosa
remaining was untreated. The temporal dorsal bullae of the two groups of rats were obliterated with Mimix® (hydroxyapatite
cement), Regenafil® (demineralized bone matrix), cartilage chip, and bone chip. Three months and again six months after the
implantation, 5 animals in each group were examined. A histological study was performed to evaluate inflammation, new bone
formation, and mucocele formation within the bullae. Results : The group that had Mimix® implanted had a high inflammatory
reaction, low implanted material resorption and cyst formation. The group with Regenafil® implanted had high cyst formation
and more cyst formation with the passage of time. The group with bone chip implanted had high new bone formation, but also
high cyst formation. The group that had cartilage chip implanted had high new bone formation, low implanted material resorp-
tion and low cyst formation. Conclusion : Cartilage chip is the only material that should be used in the air cell with mucosa
remaining. Demineralized bone matrix and bone chip should not be used in the air cell with mucosa remaining. Hydroxyapatite
cement should not be used due to severe inflammation. (Korean J Otorhinolaryngol-Head Neck Surg 2009;52:220-7)

KEY WORDS : Obliteration - Hydroxyapatite cement - Demineralized bone matrix - Bone - Cartilage.
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Mimix®, Regenafil® 5 47H] B4 =Z 27 f95S 94
& F ke A AART AR Al b o)4E &
Ayt F4F 9 FUE AGALY Fejety wsE o}

Mimix® ; =4ks} 913]4 AJ=lE (Hydroxyapatite ce-
ment ; Biomet microfixation, FL)

=9l dst &5 Al¥shs & dE(osteoconductive)
AR AR WO FQ A AR AFEERI AHdEd]
o7 FAF 9lom Pk (citric acid) I E3slo] AL
she}, AN 2~43F B9F E5ksh 271744 4~60]

seET o el gl

Regenafil® ; %7123} 7|2 (Demineralized bone
matrix ; Regeneration Technologies Inc., FL)

Ab WS B4 8] ste] A Tkt o7 A
(gelatin) ¥ Alo] 9l FHA % (osteoinductive) =
Stk 43~49C2 AAE Eell B AREsta A (gel) B
B2 o glo] ARE-sl7|7h 41 Zlo] o]t

AN BARE Fol) Slal I3t 80T

:[6:‘ p =4
uaegls 2% ¥ Aeold A% F 247 12 mm
2

o1Z3(Cartilage chip)

=2
E% 379 AA=Y] (xiphoid process) & ZH T} £

& W e 29l B F ARSIt

S= DE T} 0[4 B

RS 7~83F9] Preyer WA} Qe A3 4A
(Sprague Dawley, Samtako Bio Inc, Korea) 2 AFH&-s}o]
ZF 7ol ek & 80ntele] fokes ARgEelth g 3
& % 10A7Re] ut F719F 1447ke] v 5717} A7 e
TAS = A 2004 AlRg TFAEE ARSI
=3 1HE 98 Ketamin® 50 mg/mLe Rompun® 25
mg/mLE 410] HEAUZ FARISICE a2l $7olA
= 7 99 3~4 mm HAelA 2k 7 mm Ho|E 9
- ANE st vatxAs vtelste] ks SISt
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Ha B FH(FH, dZ¥, Mimix®, Regenafil®) o
el Huks AAG P Aeks BES FOoR Wrelth
Tk Auk A= 2% trichloroacetic acid (TCA) S +r
Frol A F 1538 F APFE AHSHL picke®E
¥ HHs Foldsith ZF I 1094 ARsela,
o]2] % 3, 671 €ell 242 SrkelE SAA s AF
SISt

HEM 2 SHAM

T s> 10% T4 =T (neutral buffered formalin,
NBF) o] 24417t 343t t}2 25 59t EDTA (ethylene—
diamine tetraacetic acid) Z €3]tk AlH * %5 &
9] TY= 7o E W, 9|5 WhoR ro] gehow ¥
nj&}ed o ZA v 7) (Leica. jung RM 2035, Nussloch,
Germany) & 5 gm FAZ Zgt TES AZsdnt 23

A2 Hematoxylin—Eosin(H & E) 448 A5kt

e

EE Selo| st YUY SelA] T el WAz
AYOR FHE UES DSl 9F W, AE B4,
AdE 4L BT AAE B A4 AUE
WA 15| A 0 vlEL ool 5749 5

Table 1. Scoring of new bone formation

Score New bone formation
0 No new bone
1 1—25% of graftinvolved in new bone formation
2 26—50% of graftinvolved in new bone formation
3 51—75% of graftinvolved in new bone formation
4 >76% of graftinvolved in new bone formation
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HOo® o] FiES a3tk (Table 1).!Y A= A
ot AT, ATAE, ZTHE, TAZA, A, = 4
e Ak AU Y= QA

AtH(Table 2).

S 24 g

27 Ag)E= window§ SPSS(version 15.0) & AlM&s}
o t—testE ©-&3I3 L, o4 = 670l Hut ®ET o
A AMGE A gt 24 B2 7F nlwel Fu BET
9 AATANA 2AAEZG Aol dist 7 B4 7F W)W one—
way analysis of variance (ANOVA) £ o]-8-3}5 11 A}57]
2 Turkey and Duncan testS o] &3tk 225 (p)
2 0.05 oJuldl A& oJv] &= Ao STt

Table 2. Scoring of mucocele formation

Score Mucocele formation

0 No mucocele

1 1-5% of graftinvolved in mucocele formation
2 6—15% of graftinvolved in mucocele formation
3 16—25% of graftinvolved in mucocele formation
4

>26% of graftinvolved in mucocele formation

= iy

Mimix®& ©]2)8t 9] &eto|=5 st Holgld
Mimix®7} AlZ2g oA "ojz] Yzt Wl F1ho s Holal,
Auks HES Regenafil®S A19ahd ekl TA
o] A= AL v Edol vls 7P AN A=
Aol FAACE fFstAl stk 22l o] A3
Mimix®7} F55A 83l froFsulel uif-E JoRlolar
A dFukgo] HEE I TS FEA HETHA

L op

tpeFebA s ook (Figs. 1 and
Regenafil®S )23 o+ 5 ut X‘ﬂﬂv—f‘)ﬂ’ﬂ% AE
/do] kst Zlo] TEE QL AlZel| wket 1 HlEo] 5
sfgl ot FAIEH 2ol it (Fig. 3).
Regenafil® 9] & AlA&Fo] dAw o] 7}3’—
w3 Ak Aalgzo] wWAngo] A Ados gD

o] WA &S Solth(Fig. 4). Aol 7] WAgle]
T3 RT gEuge BaEA do
AL o4 T F A AATN o4 F 3ol

619090 o5l ol @3} Ao A Slgl
W3l glolth AAEe o)Al
7ol w9

A 2W TN E A Ao

Fig. 1. Results from the Mimix® group without bullae mucosa. A : 3 months after implantation. B : 6 months after implantation. C : Many
inflammatory cells (white arrow) in one bulla cavity (H & E stain ; original magnification, x20).

Fig. 2. Results from the Mimix® group
with bullae mucosa. A : 3 months |
afterimplantation. B : 6 months af-
ter implantation. Inflammatory cells |
(white arrow) and some mucocele |
formation (H & E stain ; original ma-
gnification, x20).
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Fig. 3. Results from the Regenafil®
group without bullae mucosa. A :

3 months after implantation. B : 6
months after implantation. Exten-
sive new bone formation (white ar-
row) has occurred, but there is not
any significant inflammatory respo-
nse (H & E stain ; original magnific-
ation, x20).

Fig. 4. Results from the Regenafil®
group with the bullae mucosa. A :
3 months after implantation. B : 6
months after implantation. Extensive
formation of mucocele (white ar-
row) . Formation of new bone is low
(H & E stain ; original magnification,
% 20).

Fig. 5. Results from the bone group
without the bullae mucosa. A : 3
months after implantation. B : 6
months after implantation. Implant-
ed bone chips and new bone are
seen in the mastoid bulla (H & E
stain ; original magnification, x20).

FEE AT B 7Pt el A A= 3Ae]
et 23y Bck(Fig. 5). A9 HETME
of mhet A= FAo Wak= ISt 7 o BT
WSS TR Aotk (Fig. 6).

A=HE o] Algk ollA] et el TAIS
S7F AP EHA o]2E A=A
A o] 7har Qlar o] Aek Az A} Al

2 A9 AFHRSE BRE A okl A7)

& A=) Wsh= A9 glalth(Figs. 7 and 8).
Ak AALAA 0]2] T 6718l e 7 B4 7 A

P BAZHO0R {23 o)t T Mimix®e}
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= Folle SAH SR o] g 2pol7}

Regenafil®, &4, 4
AT} Ak BEFof|A o] 2] 3 67fEe 7t £ 1F A4
ZHAL EAR o7 FoaH xFol7) AU Mimix®, Re-

genafil®? =3, A=38 79| gk 2jo]7} IrH(Table 3).

o2 & 671 ¥el Regenafil®S #|9)3F Y] EAEL
AYAA ol o2 A= Pl SAIA 0] 9l
t}(Fig. 9).

Ee 249 A AN Aedd dAdo] =0l
Ak REFIAE AZFHY Mimix®E o]4e 72 4
HETAME Addg Aol A9 gle Aox
T8y ZH I} Regenafil®S ©]2)8h oA Holggo
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Fig. 6. Results from the bone group with the bullae mucosa. A : 3 months after implantation. B : 6 months after implantation. Mucocele
formation (white arrow) abruptly increases with the passage of time (H & E stain ; original magnification, X20). C : Implanted bone
(black arrow) and newly formed bone (arrowhead) (H & E stain ; original magnification, < 100).

Fig. 7. Results from the camlage group without the bullae mucosa. A : 3 months after implantation. B : 6 months after implantation.
The temporal dorsal bulla has been filled with newly formed bone and implanted cartilage (H & E stain ; original magnification, X 20).
C : Endochondral ossification is seen (H & E stain ; original magnification, x100).

Fig. 8. Results from the cartilage gr- |
oup with the bullae mucosa. A : 3
months after implantation. B : 6 mo-
nths after implantation (H & E st- |
ain ; original magnification, X20). |

AH QT S o] A8k ol = ] A weh Hohg A BA 7 AR SAZOE F2% Apo]7} 91%lal Mimix®
Fo] Zvteh= A oR ERET EAFOE o519tk Re- ¢} Regenafil®, Z8, A& 7ol 5213 xfo] 2 R ItHFig.
genafil®S o|A)3t olA= 275y AdYE gAo] 7 11A). AW REFAE Z+ o2 B4 7+ A2 EAA &
A wWoky A7 ol WE Wk 7o) gl Aow B 2% zolrt 9l Mimix®, Regenafil®¥ ##, dI#HzE
TH(Table 4). of A& FoJgk 2po]7k AT (Fig. 11B).

o|2] & 67/l ell ANFFL L 7 =4 1 FAXL
2 A ztol7t A3 AFH, Mimix®e} Regenafil®, al &t
=3 bl SAFCE Fog 2to]7t QISTHFig. 10).

o2l T 671l A= Aol alo] Hek AATA o] ofe] AgA=o] F%F HHlel hydroxyapatites AHE-
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gk, 1219 3 7<) hydroxyapatite granules AH-
ato] fobE HAE Al w ofe] =il F&

72 B 13ktl Takahashi'V:= guinea pig?] %50
hydroxyapatite granule ©]2)st 3 1do] A3l o
3ZnhS- glo] FAo] A LS HuEIth Yung 512
3k hydroxyapatite granule¥ =3 %8 ALE&lo] %
T HAAE AlFEE o £2 A94E 4tk 28 hy-
droxyapatite granulei= THetelal F-A1%]7] 4 ©do] gl
o] aFAFN77} 71&A 02 ol o] 93Tt Hydro-
xyapatite cementT UF717} €1 BFE =717 49
53] BEAQ Ao ARg-slr] Fuh'Y Hydroxyapatite
cement?] 3 F7F9 Mimix®s= o543 WeAdo] glo] A
Aol £ FF7E A8 o] FolXA| o} AnE, F

FAe SN e F AdE S Fol el dYed

Table 3. Scoring of new bone formation in each obliterating ma-
terial with the passage of time

3 mo aftergraft 6 mo after graft p*

Mimix® R 1.0+0.0 2.6+0.5 0.003
C 1.0+0.0 2.4+0.5 0.005
Regenafil® R 3.2+0.4 3.6+0.5 0.242
C 1.2+0.4 1.8+0.4 0.067
Bone R 3.6+0.5 3.6+0.5 1.000
C 2.8+0.4 3.0+£0.7 0.608
Cartilage R 3.6+0.5 3.6+0.5 1.000
C 3.4+0.5 3.6+0.5 0.580
«t-test. R : the mucosa-removing group, C : the mucosa-con-

serving group

*
4
ﬂ [ 1
3
(]
T
s 2
o
1
0
Mimix Regenafil Bone Cartilage
[] Mucosa-removed [ ] Mucosa-conserved

2 o] ARFEQITEIY B p Ao M= Mimix®S o] g3}

of 97 FUE AN ARAT T JFS whAe)
T HUE ANE AAYL

7] $h Mlmlx®E =3 £t
ol AN S5t 41 AR dPH= RS R
39thY 18 Mahendran 5192 5% #21%0] hy-
7F
=

droxyapatite cementE ©]23t 81 9] Aol A AHEO
=0l AFEs Aldste] foks ddlEA oldEdR A

A thar FAEITE B Ao E Mimix® S TAAk
7} Egsto] ks ddless AYEE W o]d=Ee &
ANy AIE F4L Ao g9l oL} 9dZo] we
oF 2= 9ol 9] A3 E Hydroxyapatite cements
hyroxyapatite granule® 22| porous 737} §17] Wit
of d3o] At Sol& o] flo] AT AR A& B
olye} AoRbe T ol k% dfo AgsiA] & &
A2 A3, ASHES0]
granule¥} 22 hydroxyapatite?] %
A7l Fosk Aow AzFEC)
Leatherman %52 2%7]%3} =7]4 (demineralized

bone matrix) = A4S AT 7 FFsel o]dska 8

Ay

e rir
o

23 porous hydroxyapatite
< el dish

Table 4. Scoring of mucocele formation in the mucosa-conserv-
ing groups

3 mo after graft 6 mo after graft p*

Mimix® 1.0£0.0 1.4+0.5 0.141
Regenafil® 3.0+£0.7 3.2+0.4 0.608
Bone 1.4+0.5 2.8+0.4 0.002
Cartilage 1.0+0.0 1.2+0.4 0.347
*t-test

Grade
N

i

) ——
a1

Mimix Regenafil Bone Cartilage

Fig. 9. 6 months after obliteration, comparison of new bone for-
mation between the mucosa-conserved and mucosa-removed
groups. The group obliterated with Regenafil® shows a statistically
significant difference (t-test ; *p<0.05).

Fig. 10. 6 months after obliteration, comparison of mucocele for-
mation between obliterating materials in the mucosa-conserved
groups. The Regenafil® and bone chips groups had significantly
greater mucocele formation than the Mimix® and cartilage gro-
ups (one-way ANOVA ; #p<0.05).

*

T

Grade

o N W =
Grade

o N W =

Fig. 11. Comparison of new bone
formation among the four obliter-
ating materials 6 months after oblit-
eration. A : The mucosa-removed
groups (one-way ANOVA ; #p<

Mimix Regenafil Bone Cartilage Mimix

o

0.05). B : The mucosa-conserved
groups (one-way ANOVA ; #p<
0.05).

Regenafil Bone Cartilage
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