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Abstract

Healing of created circumferential gap defect
around implants accor ding to defect width,

implant surface, defect mor phology

Objectives: This study was to evaluate the factors affectiegling of created
circumferential gap defect around implants in dogs

Material and Methods: In four mongrel dogs, all mandible premolars were
extracted and after an 8 weeks of healing periotbhmerged type implants were
placed. Groups were divided according to implanfase. Group A was placed turned
surface implants and group B was placed rough seirimplants. The defects in the
left were performed surgically with a customizefdeaised step drill and the defects in
the right sided were created surgically with cusie paralleled drill. Groups were
divided according to the width of the coronal gah®: mm, 1.5 mm, or 2.0 mm. The
dogs were sacrificed following an 8 week healingiqee Specimens were analyzed
histologically and histomorphometrically.

Results: During the postoperative period, healing was undgue and implants
were well-maintained. As the size of the coronal ijereased, the amount of bone-to-
implant contact decreased. The bone healing wastegrén rough surface implants

compared to turned surface implants. Comparingefead morphology, taped defect

1ii



was found good bone filling and direct bone to iamplcontact even in smooth surface
implants.

Conclusion: It can be concluded that healing of circumferdrdgfects around
implants is influenced by the implant surface, defeidth, defect morphology. If
using rough surface implants, circumferential gafedt within 2 mm does not need
any kind of regenerative procedure, and tapereéctiahorphology showed more

faster healing than paralleled defect morphology.

Key Words: defect width, defect morphology, implant surfagap
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|. Introduction

Placing an implant during the same visit at whitle tooth is extracted will reduce
morbidity, treatment costs, and treatment timesTdpproach has been termed the “immediate
implant” (Wilson & Weber 1993) and was first reptusing osseointegrated implants by
Schulte et al. in 1978 ( Schulte et al. 1978). &itlesen, many authors have studied and
improved the clinical efficacy of immediate placemhef dental implants into the extraction
socket in human clinical studies (Lazzara 1989; Mite& Goldberg 1992; Gelb 1993; Lang et
al. 1994; Becker et al. 1994, 1998; Watzek et 5] Rosenquist & Grenthe 1996; Schwartz-
Arad & Chaushu 1997, 2000; Botticelli et al. 2004&)e advantages of immediate implantation
are as follows: Total treatment time can be reduteel preservation of the residual socket’s
horizontal and vertical level could be more easibhieved than in delayed implantation;

implant positioning is optimized; the need for dddial bone augmentation procedures is



minimized; and the healing potential of residualigdontal ligament cells is helpful in
successful osseointegration.

However, coronal gaps around the implants placedddiately into fresh extraction sockets
make a problem and the lack of soft tissue makéiffitult to maintain a primary closure of the
surgical site (Becker & Becker 1990; Gotfredsealel 993, Becker et al. 1994, Goldstein et al.
2002).

Several studies have been published the relatiprsttiveen gap width and healing pattern
around implants in immediate implantation. Carlssbral. (1988) studied titanium implants
with initial gap widths of 0.00, 0.35, and 0.85 mwhen the initial gap between bone and
implant was larger than 0.35 mm, histologic evatuatevealed no osseointegration. Knox et al.
(1991) proved that gaps larger than 1 mm resuttexdSmaller amount of direct bone to implant
contact. Thomas et al. (1998) concluded in théimadl study that in a gap width of less than
0.5 mm there is no need of membrane, but in a gdfhwf more than 4 mm, no integration of
bone and implant was observed. Akimoto et al. (198Qdied a smooth surface implant in
surgically created bone defect sites after tootinaeon in a dog experimental model. Bone
was regenerated in gap widths of more than 0.5 timitally, but histologically there was no
direct contact of bone and implant.

A recent study suggested that implant surface cheniatics can affect the healing of gap
defect around implant. Botticelli et al. (2003a)died a rough surface implant (SLA) in dogs by
creating a bone defect with a 1 to 1.25-mm gap.afier membrane was used to cover the
coronal defect. They suggested that the defect sitre healed by appositional bone growth
from the lateral and apical bone walls of the deféta recent study, Botticelli et al. (2005)
compared bone healing at implants with turned aghosurface topographies placed in self-

contained defects using either a submerged or nbmerged installation technique. They



suggested that healing of the bone defect aroupthirts with a rough surface was superior to
that with a turned surface.

Actually, a shape of fresh extraction socket isoai@al shape. However, previous study
model was a surgically created paralleled defelstisT the surgically created tapered defect is
necessary to understand healing pattern of natutedction socket.

The objectives of this study were to compare thalihg pattern of defect morphology.
Additionally, we observed the different healing tpat according to gap width and implant

surface characteristics.



1. Materials & methods

1. Animals

Four male Mongrel dogs, 18 to 24 months old andjinieg about 30 kg, were chosen. The
animals had intact dentition and healthy periodonti Animal selection, management,
preparation and surgical protocol followed the mmitprocedure approved by the Animal Care

and Use Committee, Yonsei Medical Center, Seoute&o

2. Experimental Design

Groups were divided according to implant surfaceoup A was placed turned surface
implants and group B was placed rough (RBM) surfagglants. The defects in the left were
performed surgically with a customized tapered stélb and those in right side were created
surgically with customized paralleled drill. Groupg&re divided according to width of the

coronal gaps: 1.0 mm, 1.5 mm, 2.0 rfffig.1, Fig. 2).

3. Surgical protocol

Teeth were extracted under general anesthesia stetde conditions in an operating room
using Atropine 0.05ng/kg SQ, xylazine (Rompth Bayer Korea, Seoul, Korea.) &/kg, and
ketamine hydrochloride (Ketafyr Yuhan Co., Seoul, Korea) of 1fie/kg IV. Dogs were
placed on a heating pad, intubated, administere®d 2nflurane, and monitored with an
electrocardiogram. After disinfecting the surgisies, 2 % lidocane HCI with epinephrine
1:100,000 (Kwangmyung Pharm., Seoul, Korea) wasirdtared by infiltration at the surgical
sites. Crevicular incisions were made and all plamowere carefully extracted. Prior to

extraction, P2-P4 were sectioned to avoid tootbtira. Flaps were sutured with 5-0 resorbable



suture material (Polyglactin 910, braided absomaiture, Ethicon, Johnson & Johnson Int.,
Edinburgh, U.K.) by the vertical mattress suturehteéque. On the day of surgery, the dogs
received 10mg/kg IV of the antibiotic Cefazoline.

The implants (Restofe Lifecore, USA) were placed after a healing ped@ weeks using
the same surgical conditions as those for toothaetibn. A crestal incision was made to
preserve keratinized tissue, and mucoperiosteas fleere carefully reflected on the buccal and
lingual aspects. The edentulous ridge was cayefigittened with a surgical bur and irrigated
with sterile saline. Group A was used turned sw@rfamplants and group B was used RBM
surface implant. Three submerged type implants (8B diameter, 10.0 mm length) were
placed on the right side of the mandible Implarteotmy was performed at 800 rpm under
chilled saline irrigation and circumferential dafeof 1.0 mm, 1.5 mm and 2.0 mm gaps were
created surgically with a customized paralleleg stell, and same procedure was done on the
left side of mandible using a customized tapereg dtill. Implant placement was made without
tapping to obtain good initial stability (Fig. 3).

Flaps were closed with 5-0 resorbable suture natarid implants were submerged. Post-
operative care was similar as that for tooth exiwac Sutures were removed after 7 to 10 days
and a soft diet was provided throughout the stuhod.

Dogs were sacrificed 8 weeks after surgery. Eutsianaas performed by anesthesia drug
overdose. Block sections including segments witplamts were preserved and fixed in 10 %
neutral buffered formalin.

The specimens were dehydrated in ethanol, embdddadthacrylate, and sectioned in the
mesio-distal plane using a diamond saw (EXaRipparatebau, Norderstedt, Germany). From
each implant site, the central section was reduoced final thickness of about 2@ by

microgrinding and polishing with a cutting-grindidgvice (Exalt). The sections were stained



in hematoxiline-eosine.

4. Histologic analysis

General histological findings were observed witetereoscope (LEICA MZFLIII, LEICA,
WETZLAR, Germany) and microscope. After conventiomaicroscopic examinations,
computer-assisted histometric measurements weegneblt using an automated image analysis
system (Image-Pro PlfisMedia Cybernetics, Silver Spring, M.D.) coupleithaa video camera
mounted on a light microscope (LEICA DM-LB, LEICANVETZLAR, Germany). The
measuring points were as follows.

1) distance (mm) from the implant margin to the tnosonal level of contact between

bone and implantFig. 4):

2) bone to implant contact percentage (BIC %) endbronal 5mm of the implant (Fig. 5)



[11. Results

1. Clinical findings
During the postoperative period, healing was undgutand implants were well-maintained.

There were no signs of inflammation observed imtlieosa adjacent to the implants.

2. Histologic findings
1) defect width
The larger the defect width around implants, thgdathe remaining unfilled area was.
There was a remaining wedge shaped defect in 2aperad defect of group A (Fig. 6).
2) implant surface
The healing of rough surface implants was supdnosmooth surface implants. 2 mm
width of paralleled defect in group A was found edge shaped defect in coronal portion, but
group B showed good bone-to-implant contact (Fjig. 7
3) defect mor phology
Most of tapered defect were found good bone filliather than paralleled defect.
In taped defect, there was found good bone fithen 1.0 mm gap of group A. However, in the

paralleled defect, no direct bone-to-implant contaas found in the 1.0 mm gap of group A

(Fig. 8).



3. Histomor phometric analysis

1) Distance (mm) from the implant margin to the most coronal level of contact

between bone and implant (Table 1.) (N=2)

Data from the analysis are shown in Tables 1. Witlreasing size of coronal gap, the

distance tended to be greater. Comparing to im@arface, turned surface implant showed

greater distance than rough surface implant. Comgpan defect morphology, paralleled defect

showed greater distance than tapered defect.

Paralleled defect

tapered defect

Tmm 1.5mm 2mm Tmm 1.5mm 2mm
Group A 3.05 3.52 3.99 0.28 1.50 2.05
Group B 0.65 1.75 2.04 0 0 0.95

(group A: turned surface, group B: rough surface)

2) Bone-to implant contact percentage (BIC %) in the coronal 5mm of the implant

(Table 2.) (N=2)

Paralleled defect

tapered defect

Tmm 1.5mm 2mm Tmm 1.5mm 2mm
Group A 8.9 5.2 2.6 34.2 28.7 10.5
Group B 28.7 25.2 10.7 42.7 41.5 27.4

(group A: turned surface, group B: rough surface)



Data from the analysis were shown in Tables 2. \Wébreasing size of coronal gap, bone
to implant contact tended to be greater. Compatdngnplant surface, rough surface showed
greater bone to implant contact than turned surifapéant. Comparing to defect morphology,

tapered defect showed greater bone to implant cbtitan paralleled defect.



V. Discussion

The immediate implant technique was introduced Howa patients to have shorter
rehabilitation periods and researches were cawigdto explore the theoretical background.
Many methods have been introduced to overcome dhenal gap associated with immediate
implants (Becker 1990; Becker 1994; Caudill 199k riitt 1992; Gotfredsen 1993; Lang 1994;
Kohal 1998; Alliot 1999; Cornelini 2000; Schwartzal 2000; Goldstein 2002; Botticelli 2004;
Cangini 2005), but the critical size of defect wlilog spontaneous healing has yet to be
determined. Therefore, if this critical defect samuld be determined, the treatment procedure
could be simplified and the treatment period shwtk benefiting both the patient and
practitioner. Besides defect width, implant surfacel defect morphology can influence the

healing of circumferential gap defect around imfdan

Defect width

Akimoto et al. (1999) used a dog model to evalih&=bone fill that occurred in defects
adjacent to implants designed with a machined sarfémplants were placed in simulated
extraction sockets that had been prepared in sweayahat gaps of between 0.5 and 1.4 mm
separated the implants surface and the bone. Ealiexamination performed after 12 weeks of
healing showed that all defects, independent o&,stzad healed properly. Histological
measurements made in biopsies obtained from therelift defect sites, however, revealed that
there was consistently a certain distance betwlkenmarginal border of the implant and the
most coronal level of bone-to-implant contact. Rert it was observed that this distance varied
with the initial size of the defect. Thus, the widlee defect, the longer the distance between the

rim of the implant and the level of bone to implaantact.
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In the present study, the 2 mm defect width ¢elntd make the more wide and deep wedge
shaped coronal defect than 1mm defect width. lgssts that the greater defect width will need

more healing time to fill the bone defect.

Implant surface
In the present study, rough surface implants vetforbable blast media (RBM) were used.
In order to obtain RBM surface, a machined titaniimplant was blasted with calcium
phosphate ceramic and then passivated to completrigve the residual media. The surface
roughness ranged from 3.09+0.38 microns, and npitrdiameter ranged from 5 to 10 microns.

Osteoblasts may lay down bone on the old bone crda on the implant surface itself.
This distinction was explored by Osborn and Newe€1680).

Davies (1998) suggested that there are two diffgshanomena by which bone can become
juxtaposed to an implant surface: distance andacbristeogenesis. Distance osteogenesis is
that in which new bone is formed on the surfacedbade in the peri-implant site through
appositional growth and contact osteogenesis @ooenduction is that in whiathe novobone
formation occurs directly on the implant surfaceavl®s suggested that an implant with a
roughened surface, as opposed to an implant witlsm@oth surface, may ‘promote
osteoconduction by both increasing available serfacea for fibrin attachment and by
providing surface features with which fibrin coldldcome entangled’.

Davies(2003) explained that the implant surfacdgtewill play an important role in the
fibrin retention. Fibrin retention is so critical bsteogenic cell migration to the implant surface.
Bone cells will reach the implant surface by mimgmatthrough fibrin, and these cells will then

be available to synthesize novdbone on the implant surface itself.

11



Akimoto (1999) studied marginal bone defects ofyway dimensions that occurred
following placement of implants with turned surfdaéded to heal with proper osseointegration,
In contrast, similar experiments (Botticelli 2003aps done with rough surface implants
demonstrated that marginal bone defects were reddily de novo formation of hard tissue.

Botticelli et al. (2005) compared bone healingmaplants with turned or rough surface in
self-contained defects using dogs. After 4 monthsealing, the marginal defects around rough
surface implants exhibited substantial bone fild e high degree of osseointegration, but
healing at turned implants was characterized byprpiete bone fill and the presence of a
connective tissue zone between the implant andetdy formed bone.

In the present study showed that bone healing wpsr®r in bone defects adjacent to
implants with a rough compared to smooth surfaggants, and it is similar to a previous study
(Boticelli 2005). The reason can be explained thatdefect healing of rough surface implants
is occurred by combination of contact osteogenast distance osteogenesis, but healing of
smooth surface implants is done only by distanteogenesis. Therefore, the remodeling of

defect will be faster in the rough than smoothatefimplants.

Defect  morphology
Several studies have been published the relatipnisbiween gap width and healing
pattern around implants in immediate implantatibtost of these studies used a paralleled
defect model. However a shape of fresh extractaket is a conical, so this study created a
tapered stepped drill to reproduce an actual eirasocket.
In a present study, most of tapered defect weradogood bone filling rather than
paralleled defect. In taped defect, there was fagowh bone fill in the 1.0mm gap of group A.

however, in the paralleled defect, no direct banétplant contact was found in the 1.0 mm

12



gap of group A. Bone healing of paralleled defeaswimilar to findings reported by Akimoto
(1999), but tapered defect was different. This loarexplained that a lateral wall at defect base
is more closer in tapered defect than parallelddateThat means appositional bone growth
occurred more faster in tapered defect than péedldefect.

Botticelli et al. (2003 a.) explained bone-to-imglaontact was first established in the
apical portion of the gap. This new bone tissue iwate coronal direction continuous with a
dense, non-mineralized implant-attached soft tisghieh, over time, also became mineralized
and, hence, the height of the zone of bone-to-implantact was increased.

Therefore, the morphology of defect base is aromamt factor to determine healing of

self-contained defect.

13



V. Conclusion

It can be concluded that healing of circumferentiap defects around implants is
influenced by the implant surface, defect widthfede morphology. If using rough surface
implants, circumferential gap defect within 2 mmedonot need any kind of regenerative
procedure, and tapered defect morphology showea faster healing than paralleled defect

morphology.

14
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Figure Legends

Figure 1. schematic drawing of experimental design.

Figure 2.

a. created stepped paralleled drill From the lefg.Bxmm diameter drill for the 1.0-mm gap
defect, a 6.5-mm diameter drill for the 1.5-mm ghgfect and a 7.5-mm diameter drill for the
2.0-mm gap defect are represented, respectively.

b. created stepped tapered drill From the left, ann® diameter drill for the 1.0-mm gap defect,
a 6.5-mm diameter drill for the 1.5-mm gap defewd a 7.5-mm diameter drill for the 2.0-mm

gap defect are represented, respectively.

Figure 3. Clinical photograph representing the experimedésign. From the left, 1.0-mm, 1.5-

mm and 2.0-mm gaps were prepared, respectively.

Figure 4. Schematic drawing of the method to measure thardie from the implant margin to

the most coronal level of contact between bonelapdant.

Figure 5. Schematic drawing of the area to measure the-bopkant contact in coronal 5 mm.

Figure 6. Histologic view of group A (turned surface) taghelefect with different gap width. The

left side is 1mm defect, and the right side is 2defect (magnification X8).

Figure 7. Histologic view of 2mm paralleled defect with difést implant surface. The left side

21



is rough surface, and the right side is turnedsser{magnification X8).

Figure 8. Histologic view of group A (turned surface) 1mmfaig with different defect

morphology. The left side (tapered defect) is foargbod bone filling compared to the right side

(paralleled defect) (magnification X8).
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2mm O 2mm
defect defect
1.5mm O 1.5mm
defect defect
1mm O 1mm
defect defect
Paralleled Tapered Paralleled Tapered
defect defect defect defect
Group A: smeoth surface implants Group B: rough surface implants
Figure 1.

a. b.
Figure 2.

Figure 3.

23



Figure 5.

Figure 6.

24



25



or

1]

[=2]

w|
nd
H
ol

<A

OF

A

my

A& gHjo| o

AN

ol

¢

< Az

M S

]

GE7F 7]

3L T

Jobe] 55l 9o,

A

)A
NJr

wjy

=
=

o]

S

=0l Hil ¥

o
i

o

1
~

o
7°

7o

o

X
o)

)
T

~

ey
)
0

B°

o
A
A=

-—

pe
70
olJ
®r
mr
olJ
ot

—_—
o

T
i

o

o

o

ilf

e 5= A

= X
. A

T ovkelel A

bt

S

ol

NI

al7l
N
ol
Ar

O

jruxe]

&

g

ol
Nr

—_
o

ol

bj
el

Zo| we} et 2ol

o, Aerel

[ez]
o

o

wjy

o 845t =

kel
T

s

7]

[e]
T

T2 YT 1.0 mm, 1.5 mm 283 2.0 mm. 852 F

A

K

Tor

—

N
]

X
gH
el
e

oA

o) O
e wol

ghol whet, A9 A A

7}

=
€]

el

B°

ar
=

4

H]

g E o

3T
=

[e)

e

Hi

T
i)l

el
0

el

26



ol
T

o
o

= ],
Al A A=)

_/_1\____'__ J
L %:

Ly

J

27



	Table of Contents
	Abstract (English)
	I. Introduction
	II. Materials and Methods
	1. Animals
	2. Experimental Design
	3. Surgical protocol
	4. Histologic analysis

	III. Results
	1. Clinical findings
	2. Histologic observations
	3. Histomorphometric analysis

	IV. Discussion
	V. Conclusion
	References
	Figure legends
	Figures
	Abstract (Korean)

