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Radiologic study of the healing process of the extracted socket of beagle dogs
using cone beam CT
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Purpose : To longitudinally observe the healing process of extracted socket and the alterations of the residual ridge

in healthy adult dogs using cone beam CT(CBCT).

Materials and Methods : The mandibular premolars of two beagle dogs were removed and the extraction sites were
covered with the gingival tissue. CBCTs (3D X-ray CT scanner, Alphard vega, Asahi Co.) were taken at baseline and
at 1 week interval for 12 weeks. Radiographic density of extracted wounds was measured on normalized images with
a custom-made image analysis program. The amount of alveolar crestal resorption after the teeth extraction was mea-
sured with a reformatted three-dimensional image using CBCT. Bony healing pattern of extracted wound of each

group was also longitudinally observed and analyzed.

Results : Dimensional changes occurred during the first 6 weeks following the extraction of dogs’ mandibular pre-
molars. The reduction of the height of residual ridge was more pronounced at the buccal than at the lingual aspect
of the extraction socket. Radiographic density of extracted wounds increased by week 4, but the change in density
stabilized after week 6. New bone formation was observed at the floor and the peripheral side of extracted socket

from week 1. The entrance of extracted socket was sealed by a hard-tissue bridge at week 5.

Conclusion : The healing process of extracted wound involved a series of events including new bone formation and

residual ridge resorption. (Korean J Oral Maxillofac Radiol 2009; 39 : 19-25)
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Fig. 1. Tooth extraction and extracted wound in Beagle dog.
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Fig. 3. Amounts of reduction in height of residual alveolar ridge.
Residual ridge resorption was more pronounced at the buccal as-
pect than at the lingual aspect of the extraction socket.
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Fig. 2. An example of measurement
of residual ridge height on cross-
sectional view.
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Fig. 4. Longitudinal healing process of extracted wound on CBCT images. New bone formation was observed at the floor and the
peripheral wall of extracted socket from the 1 week after extraction.

Fig. 5. The entrance of extracted
socket was sealed by a hard-tissue
bridge from the 5th week after ex-

traction.
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Fig. 6. Radiographic opacity of extracted wounds had the tendency
to increase by the fourth week.
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1 week later

baseline 2 weeks later

Fig. 7. New bone formation was
observed on periapical image at the
floor of extracted socket and the
peripheral side from 2nd week after
extraction.

3 weeks later

— 93



Cone beam CTE 0|28t H|ZH UX|ZE &

[ |

2

vlg) FEF4e) YA o] HA o]FjAEd o=
& N AR R hols)n
Feh DAL 2eloz o9
o] RyEly o]o] it
e Aew e
2 Tl %z o) sied

A QA EAEL, flap 4
J&% AT AA A, A
nalsle)= 7 3F (genetic demand)

[
S
mjd
o

o
e

% ofd

[
i3
32

AN
Lﬂoi
o
4 m.'ﬂ'-‘
=)
A jo

2
iy

A

B R
w4

do rir

o,
2
=
o
o i
-'X°£
_?‘_'4

o o
w 1o

Lﬁ
0,

>
2
L
et
23
4z
S7)
Mm%
e o

t
r{o
2,
i}
W

—
o
5
5
w2
=}
=]

N
I‘lO ko
(1) tz
>
P
N
-

°oF7]

i

=2
w7
M

in
el
n}
L

—5“1.
< 10-20
om, Araujo zHo 3o
73 391 vl3hod
SEEIE
&rel #A" 932 Botticelli 5
Heq % 419 B¢ T w9H
527} oF 56% A =ehy BE
AR #AA Fo A
e AF A FPA A
HZHE AFe] Brh
G L

éy)r% Tt & o, WA Foe dA
%1—9] F57F oZIEH 53] &9 FAaAH
AE g 5 %1"”4 ol ¥ dAFM=
zF2 %73‘ FHazel i)
FHE o] T 47e] JAlFEsiorn
FE o2 Aol AR, B AT
Gl wolzrh ol WAH} FHAL YUS =
= 24309 A7k AW Aol o

A77} AAEglew S,
XA W] vFAA AR &3 2= nor-
malizationg: o] &3] GJA B3ty WAL 3 o} A=
Moz A WAL A% 4FAZNA skt 67T
Bl WAMIARL S3hwsl 948 e neld

34 A RS FHEE ddsA A 4
SAE DAl o3 qans 9] 20 P
o2 FAEIW equalization 7M7) Aled 4 gt
T ol d dubHQl AT JYE FAF A8 &
g vlm FA] A8 vl=A] EA ok st FaF

28] Pt B7E 7 QAN dARA AFIAE F
goh 1eaz B AgeMs dAke] wiAH oF md
o3 Ak2] modal intensity® 7]Fo 2 47| (intensity) 3]~
338 Hyse, vl EA A s 2E JAEY] W
AMARR B3t 2 g T WA 7| aa) =il o
‘:‘l:};‘(]i(,’ ] S7A ) W= _;4—/\]0210-‘1_,] 2] 22 E]

0

2+
ot
ot o

—
B

oft e
I"—?-:
1
20
oft
2

@ M o
e N

)
3
IS

4

to it

ﬂl}l ‘h‘l

e 2
o=
4

i S
COH % N of o
o

& %

‘?l_u‘
1
5
22}
oye
LI

3z

It

1>
)
X

>4

47
2
41
et

«25
[

O
—
4
-

|

Ju

oft, I‘S}i
2 m

I i
>

_g !

30 g
2 jo e

i nd

>,
2

o e
1m
mE

o g
I

d

rjie
X
ri
1o
Wi
0

g2 f1°

oo N [H oAl o P
i
ﬂ

BSL o,
i 30 )
lo
Y

E +°v

=

el

A i 'Yo%
=y

A

3‘27

LA

ml-J>

o

TpEO CHE} SEARMBEA ©

iy

?.
BN L st o5 A4S dgieh B ATl o4
%] normalzation 7]®¥-& bimodal intensity 2 ©]-£-8}%17] ©l
Fol| whAAARA E3e BAS £ 7 le] YT 4
A, A el 837 A AAen ek
o oz o e elgsed WAMAINTHE 2EY
o A% QT7} Sherapl Ao wek
2 Qad B Az Al 2 2R
A7} 270 Asisent CBCTASIE 124 Ths
shgon RGeS T S0 Bkl LT 2

q4e 4 4 9193\‘;]'
B T2 93l ouA e in vivo micro-CTE o]
LR %‘717:} AfAA & 25 Aoz 8FTT A4H

2 wABe o, micro-CT AR 7F 2H7] Wl (37
mm) WA E o ST, WA okEe] ) W] A
Afhde ARl BASEA e Bl A
ol X4 CBCT7H sl 2 94 B4 Fa7} 27}
83 glom® CBCTE ol&ste] & AYshe 4% 4
o 9 AWER Fo) xS FEE SN 93
A7 s wE 4Ad FAshEe B Agsich
320l T ol PsAAE Y wele
Zejsh= wpA o] AAHYS I £ dFo] AR 713
flat panel detector (FPD)H}2]-8- 7]&2] image intensifying
Hhalo] w8yl W9 Ae] rhsEh, gl WAMARA
Z3l% o349 (wider dynamic density range)& A|-Z3kc} 1
Hut FPDHA 9] ol Aujdel WA Fahs
ulnE Sl o Reiekm Az, Wby E AT
ol 41 normalization¥} & o] &3te] WA E3 =
T 2As A sk
A7 A3 EA F A=

20T Y2eld Fai

ST a: 1o o

O]-._l‘ﬁ

zE4 FF5T 6F

ok
2
34 Aol B&E o

=

sl

3 ng

—_

. Atwood DA. Reduction of residual ridges: a major oral disease entity.
J Prosthet Dent 1971; 26 : 266-79.

2. Pietrokovski J, Massler M. Alveolar ridge resorption following tooth
extraction. J Prosthet Dent 1967; 17 : 21-7.

3. Araujo MG, Lindhe J. Dimensional ridge alterations following tooth
extraction. An experimental study in the dog. J Clin Periodontol 2005;
32:212-8.

4. Johnson K. A study of the dimensional changes occurring in the
maxilla after tooth extraction-Part I. Normal healing. Aust Dent J
1963; 8 : 428-33.

5. Jahangiri L, Devlin H, Ting K, Nishimura I. Current perspectives in
residual ridge remodeling and its clinical implications: a review. J
Prosthet Dent 1998; 80 : 224-37.

6. Cardaropoli G, Araujo M, Lindhe J. Dynamics of bone tissue formation
in tooth extraction sites. An experimental study in dogs. J Clin Perio-
dontol 2003; 30 : 809-18.

7. Boyd SK, Davison P, Muller R, Gasser JA. Monitoring individual

morphological changes over time in ovariectomized rats by in vivo

— 04—



10.

12.

1

14.

1

1

17.

1

2

2

o]

3.

S.

6.

8.

0

—_

micro-computed tomography. Bone 2006; 39 : 854-62.

. Chun IK, Cho MH, Park JH, Lee SY. In vivo trabecular thickness

measurement in cancellous bones: longitudinal rat imaging studies.
Physiol Meas 2006; 27 : 695-702.

. Lofthag-Hansen S, Huumonen S, Grondahl K, Grondahl HG. Limited

cone-beam CT and intraoral radiography for the diagnosis of periapical
pathology. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;
103 : 114-9.

White SC, Gratt BM. Clinical trials of intraoral dental xeroradiography.
J Am Dent Assoc 1979; 99 : 810-6.

- Nicopoulou-Karayianni K, Bragger U, Patrikiou A, Stassinakis A, Lang

NP. Image processing for enhanced observer agreement in the evalua-
tion of periapical bone changes. Int Endod J 2002; 35 : 615-22.
Trouerbach WT, Steen WH, Zwamborn AW, Schouten HJ. A study of
the radiographic aluminum equivalent values of the mandible. Oral
Surg Oral Med Oral Pathol 1984; 58 : 610-6.

Pascon EA, Introcaso JH, Langeland K. Development of predictable
periapical lesion monitored by subtraction radiography. Endod Dent
Traumatol 1987; 3 : 192-208.

Kullendorff B, Grondahl K, Rohlin M, Henrikson CO. Subtraction
radiography for the diagnosis of periapical bone lesions. Endod Dent
Traumatol 1988; 4 : 253-9.

Foracchia M, Grisan E, Ruggeri A. Luminosity and contrast normal-
ization in retinal images. Med Image Anal 2005; 9 : 179-90.

Lee CJ, Lee W, Lee BD. Morphometric analysis of bone in the ovariec-
tomized rat using in vivo micro-CT. Korean J Oral Maxillofac Radiol
2008; 38 : 29-37.

Kim D, Chae YS, Kim SJ. High Content Cellular Analysis for Funct-
ional Screening of Novel Cell Cycle Related Genes, 2008 International
Conference on BioMedical Engineering and Informatics, 2008. p.
148-52.

Cardaropoli G, Araujo M, Hayacibara R, Sukekava F, Lindhe J. Heal-
ing of extraction sockets and surgically produced-augmented and non-
augmented-defects in the atveolar ridge. An experimental study in the
dog. J Clin Periodontol 2005; 32 : 435-40.

. Amler MH. The time sequence of tissue regeneration in human extrac-

tion wounds. Oral Surg Oral Med Oral Pathol 1969; 27 : 309-18.

. Lin WL, McCulloch CA, Cho MI. Differentiation of periodontal liga-

ment fibroblasts into osteoblasts during socket healing after tooth
extraction in the rat. Anat Rec 1994; 240 : 492-506.

- Araujo MG, Sukekava F, Wennstrom JL, Lindhe . Ridge alterations

following implant placement in fresh extraction sockets: an experimen-

22.

24,

25.

26.

27.

28.

29.

34,

—95__

tal study in the dog. J Clin Periodontol 2005; 32 : 645-52.

Shimizu M, Sasaki T, Ishihara A, Furuya R, Kawawa T. Bone wound
healing after maxillary molar extraction in ovariectomized aged rats. J
Electron Microsc (Tokyo) 1998; 47 : 517-26.

. Hsieh YD, Devlin H, McCord F. The effect of ovariectomy on the

healing tooth socket of the rat. Arch Oral Biol 1995; 40 : 529-31.
Araujo MG, Wennstrom JL, Lindhe J. Modeling of the buccal and lin-
gual bone walls of fresh extraction sites following implant installation.
Clin Oral Implants Res 2006; 17 : 606-14.

Botticelli D, Berglundh T, Lindhe J. Hard-tissue alterations following
immediate implant placement in extraction sites. J Clin Periodontol
2004; 31 : 820-8.

Botticelli D, Persson LG, Lindhe J, Berglundh T. Bone tissue formation
adjacent to implants placed in fresh extraction sockets:an experimental
study in dogs. Clin Oral Implants Res 2006; 17 : 351-8.

Wenzel A. Effect of image enhancement for detectability of bone
lesions in digitized intraoral radiographs. Scand J Dent Res 1988; 96 :
149-60.

Farman AG, Avant SL, Scarfe WC, Farman TT, Green DB. In vivo
comparison of Visualix-2 and Ektaspeed Plus in the assessment of
periradicular lesion dimensions. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1998; 85 : 203-9.

Goo JG, Kim JS, Kim JD. Quantitative assessment of periimplant bone
density (HU) on CBCT image. Korean J Oral Maxillofac Radiol 2008;
38:1-5.

. Hong SW, Kim GT, Choi YS, Hwang EH. Evaluation of imaging refor-

mation with cone beam computed tomography for the assessment of
bone density and shape in mandible. Korean J Oral Maxillofac Radiol
2008; 38 : 49-56.

. Kim GT, Choi YS, Hwang EH. Comparison between cone beam com-

puted tomography and magnetic resonance imaging of the temporo-
mandibular joint. Korean J Oral Maxillofac Radiol 2008; 38 : 153-61.

. Arai Y, Tammisalo E, Twai K, Hashimoto K, Shinoda K. Development

of a compact computed tomographic apparatus for dental use. Dento-
maxillofac Radiol 1999; 28 : 245-8.

. Mozzo P, Procacci C, Tacconi A, Martini PT, Andreis IA. A new volu-

metric CT machine for dental imaging based on the cone-beam techni-
que: preliminary results. Eur Radiol 1998; 8 : 1558-64.

Araki K, Maki K, Seki K, Sakamaki K, Harata Y, Sakaino R, et al.
Characteristics of a newly developed dentomaxillofacial X-ray cone
beam CT scanner (CB MercuRay): system configuration and physical
properties. Dentomaxillofac Radiol 2004; 33 : 51-9.



