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Electrical Field Effect on Peri-Implant
Osteogenesis: A Histologic and
Histomorphometric Study

Graciela Ana Giannunzio, DDS,* Rodolfo Carlos Speerli, EEE,T and Maria Beatriz Guglielmotti, DDS, PhDt

issue response to injury, as oc-

I curs during wound healing, is a

well-organized biologic event.

Both clinical and experimental studies

have shown that external electrical
stimulation enhances tissue repair.

In 1940, Burr et al' found that
electronegative polarity exerted a pos-
itive effect on the proliferation stage
of soft tissue wound healing. In 1957,
Fukada and Yasuda? reported the first
findings on the endogenous electrical
properties of bone tissue. The authors
found that mechanical stress generated
an electric potential, possibly because
of a piezoelectric effect, and that areas
of active growth and bone repair were
electronegative when compared with
less active areas.

Studies have demonstrated that
exogenous electrical stimulation in-
duces osteogenesis in the tissue sur-
rounding a negative electrode.’* In
1974, Bassett et al’ found that electro-
magnetic fields increase cellular elec-
tric potential, accelerating the rate of
tissue repair and reducing edema and
pain. However, the authors failed to
clarify which of the 2 fields, electrical
or magnetic, were actually responsible
for these effects. In a study on mitotic
activity in lymphocytes of rat thymus
performed in 1992, Liburdy® observed
that the electrical field, whether direct
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Purpose: Tissue response to in-
jury, as occurs during wound healing,
is a well-organized biologic event.
Both clinical and experimental studies
have shown external electrical stimu-
lation to enhance tissue repair. The
effect of in situ electrical stimulation
has been studied in experimental mod-
els of fracture healing, ostectomy, os-
teogenic distraction, and implants.
The aim of the present study was to
evaluate the effect of an electrical field
on peri-implant wound healing, using
an experimental model that involved
placing a metallic laminar implant in
rat tibia.

Materials: Forty male Wistar rats
weighing approximately 100 g were
used. A titanium laminar implant (6 X
1 X 0.1 mm®) (Implant Vel, Buenos
Aires, Argentina) was inserted
through the hole and placed in the
medullary compartment. The tissues
were then repositioned and sutured
carefully. An electric field generator
(ECCEL, DAM, Argentina) was used
to deliver the electric stimulus. The
electric field plate was placed on the
skin of both hind limbs. In sham

group, the animals were subjected to
the same procedure without connect-
ing the plate to the electric field gen-
erator. All the animals were killed by
ether overdose at 15 days of postim-
plantation. The tibiae were resected,
fixed in 20% formalin, radiographed,
and processed for embedding in
methyl methacrylate. The ground sec-
tions were stained with 1% toluidine
blue. The following parameters were
evaluated: peri-implant bone volume
and percentage of osseointegration.
Statistical analysis of the results was
performed using ANOVA (P < 0.05).
Results: Application of external
positive or negative electrical fields
using the experimental model (post-
titanium implant bone healing in rat
tibia), under the conditions stated
herein, was found to enhance peri-
implant lamellar bone volume com-
pared with sham-treated animals.
Conclusion: The use of a device
generating a positive/negative electrical
field resulted in the presence of woven
bone. (Implant Dent 2008;17:1-©®)
Key Words: osseointegration, electrical
[ield, osteogenesis, metal implant

or induced by a magnetic field, inter-
acted with calcium transport through
the cell membrane.

Constant advances in technology
lead to continuous development of de-
vices used in physiotherapy employ-
ing electromagnetic waves such as
short wave, microwave, and magneto-
therapy. The former 2 deliver high fre-
quency waves, thus generating heat in
the tissues and in the implants as a side

effect. Conversely, magnetotherapy
involves low frequency variable mag-
netic fields that exert an effect on the
electric charge of the cells and tissues,
without generating heat.

Magnetic fields were used for
therapeutic purposes at a time when
the application of electrical fields was
difficult because of the lack of ade-
quate technology. Current availability
of semiconductors and proper insulat-
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Table 1. Characteristics of Electrical Fields Applied to Each Experimental Group and Sham Group

Experimental

Group lll (n = 10)

Group IV (n = 10)

Device

Polarity

Intensity (wA/cm?)
Frequency (Hz)
Applications

Sham
Group | (n = 10) Group Il (n = 10)
— ECCEL 122
— Positive—Negative
— 1.68
- 115
6 6
20 20

Duration of each application (min)

ECCEL 222 ECCEL 222
Negative Positive
2.64 2.64
650 650
6 6
20 20

ing materials have allowed for the de-
velopment of electrical field generat-
ing devices for therapeutic use with
virtually no magnetic component.

The effect of in situ electrical
stimulation has been studied in exper-
imental models of fracture healing, os-
tectomy, osteogenic distraction, and
implants.” Clinical studies have eval-
uated its effect on nonunion fracture
healing, bone graft attachment to bony
defects, and osteoradionecrosis among
others. All the above showed that the
effect of in situ electrical stimulation
varies substantially depending on the
intensity of the stimulus, the polarity
of the applied current, its duration,
whether it is continuous or pulsed, and
on the metal used as an electrode.*

The aim of this study was to eval-
uate the effect of an electrical field on
peri-implant wound healing, using an
experimental model that involved
placing a metallic laminar implant in
rat tibia.!

MATERIALS AND METHODS
Animals

Forty male Wistar rats weighing
approximately 100 g were used. The
animals were housed in plastic cages
and maintained on a 12:12-h light:dark
cycle. They were fed rat chow and
water ad libitum. The National Insti-
tutes of Health (NIH) guidelines for
the care and use of laboratory animals
(NIH publication No. 85-23, revised
1985) were observed.

Surgical Procedure

The animals were anesthetized by
intraperitoneal injection of 8 mg/100 g
body weight of ketamine hydrochlo-
ride (Ketalar, Parke-Davis, Morris,
Plains, NJ) and 1.28 mg/100 g body
weight of xylazine (Rompum, Bayer
Argentina, SA).

Both tibiae were shaved and a
1.5-cm long incision was made at the
level of the tibial crest. The subcuta-
neous tissue, muscle, and ligaments
were dissected to expose the external
surface of the tibia at the level of the
diaphysis. Using a round burr, a
1.5-mm diameter hole was drilled
manually so as to avoid overheating
and damage to the bone tissue. A tita-
nium laminar implant (6 X 1 X 0.1
mm?) (Implant Vel, Buenos Aires, Ar-
gentina) was inserted through the hole
and placed in the medullary compart-
ment. The tissues were then reposi-
tioned and carefully sutured.

Electrical Field Application

The animals were assigned to 1 of
4 groups (n = 10), 3 experimental
groups and 1 sham group (Table 1).

In experimental groups, an elec-
tric field generator (ECCEL, DAM,
Argentina) was used to deliver the
electric stimulus. The animals were
sedated during each procedure by in-
traperitoneal administration of 25
mg/kg body weight of diazepan
(Roche, USA). All the animals were
exposed to a total of six 20-minute
applications, which were administered
every other day. The electric field
plate was placed on the skin of both
hind limbs (Fig. 1).

In sham group, the animals were
subjected to the same procedure with-
out connecting the plate to the electric
field generator. All the animals were
killed by ether overdose at 15 days of
postimplantation.

Histologic Processing

The tibiae were resected, fixed in
20% formalin, radiographed, and pro-
cessed for embedding in methyl
methacrylate. Three cross-sections
perpendicular to the longest axis of the
implant were obtained from each tibia,
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Fig. 1. Notice the rat receiving the electrical
field, under sedation.

and ground to a thickness of 50 um.
The ground sections were stained with
1% toluidine blue.

Histomorphometric Analysis

Histomorphometric determinations
were performed on the sections using a
light microscope (Zeiss Axioscop 2
MOT; Carl Zeiss, Jena, Germany) on-
line with an image-analysis system
(Kontron KS300 version 2; Kontron
Elektronik, Munich, Germany).

The following parameters were
evaluated: peri-implant bone volume
and percentage of osseointegration.
Statistical analysis of the results was
performed using ANOVA (P < 0.05).

RESULTS

None of the animals showed alter-
ations in body weight, behavior, or
general health.

All the implants were inside the
diaphyseal area of the tibia 15 days
postimplantation, as shown by the ra-
diographic study. Macroscopic exam-
ination confirmed satisfactory healing
of soft tissues in all the animals.

Microscopic observation evi-
denced lamellar bone tissue in contact
with the implant surface in sham-
treated animals (group I) (Fig. 2, a—c).

Animals of group II (positive—
negative polarity) treated with ECCEL
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Fig. 2. Sham group. (a) Grinding section
showing close bone apposition to titanium
laminar implant (original magnification x50).
(b) At higher magnification, the intimate con-
tact and the full congruency at the level of the
bone—implant interface are evident (original
magnification X100). (c) Notice the bone
close to the implant surface (original magnifi-
cation xX400).

]

122 presented woven bone tissue sur-
rounding the implant (Fig. 3, a and b).

Both groups III (negative polarity)
and IV (positive polarity) treated with
ECCEL 222 presented lamellar bone
tissue partly in contact with the im-
plant (osseointegration) (Figs. 4, a and
b and 5, a and b); the bone was thicker
than that observed in the sham group.

Statistical analysis of the histo-
morphometric results showed a signif-
icant difference in the percentage of
osseointegration when comparing
group I (mean, 66 = 7) and group II
(mean, 11 = 3) P < 0.05 and groups
I and III (mean, 52 = 6) P < 0.05;
whereas no difference was observed
between group I and IV (mean, 58 *=
12). In addition, comparison between
groups II and IIT (P < 0.05) and
groups II and IV (P < 0.05) showed a
significant difference, unlike compar-
ison between groups III and IV.

L. L. . 2 : e |

Fig. 3. Experimental group. Positive—
negative polarity. (a) Notice the presence of
woven bone formation in the peri-implant mi-
croenvironment (original magnification X25).
(b) Scarce osseointegration is evident at the
higher magnification (original magnification
X 100).

Fig. 4. Experimental group. Negative polarity.
(a) Grinding section showing bone apposition
to the implant (original magnification x100).
(b) At higher magnification note the close
contact of the bone-implant interface (origi-
nal magnification xX400).

]

Significant differences in peri-
implant bone volume were observed be-
tween groups I (mean, 5 = 1) and II
(mean, 13 = 3) P < 0.05, groups I and
III (mean, 11 = 3) P < 0.05, and be-
tween groups I (mean, 5 = 1) and IV
(mean, 16 £ 5) P < 0.05. In addition,
comparison between groups III and IV

Fig. 5. Experimental group. Positive polarity.
(a) Grinding section showing bone apposition
to the implant (original magnification x100).
(b) At higher magnification note the close
contact between bone and implant (original
magnification x400).

]

P < 0.05 showed a significant differ-
ence. No significant differences in peri-
implant bone volume were observed
between groups II and III or between
groups II and IV (Table 2).

DiscussioNn

Geddes'! described that the con-
cept of electrical stimulation to elicit
fracture-healing dates from A. Boyer
(1816) specifically for the healing of
nonunion fractures. Several reports
encouraged both laboratory and clini-
cal research on electrically induced
bone formation and healing with use
of various forms of electrical stimula-
tion.!? Brighton ef al' stated that “the
clinical effectiveness of bone-growth
stimulation proved to be easier to
demonstrate the mechanism or mech-
anisms of action of electrically in-
duced osteogenesis.”

Peri-implant bone healing pro-
vides a suitable model for the study of
bone formation and can be considered
to be a sensitive indicator of bone
damage under different experimental
conditions. The experimental model
used in this study allows studying de
novo bone formation in the peri-
implant bone marrow of rat tibia under
different local or systemic conditions.

Our results clearly show that the
use of electrical fields with positive or
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Table 2. ANOVA Statistical Analysis of the Peri-Implant Bone Volume and Percentage of Osseointegration

Experimental
Sham
Group | Group 11122 (+, —) Group Il 222 (—) Group IV 222 (+)
% Osseointegration (mean = SD)* 66 =7 11 +£83 52+ 6 58 =12
Peri-implant bone volume, mm? 5=+ 1 183+ 3 11+ 3 16 £ 5

(mean + SD)tf

* A significant difference (P < 0.05) was found when comparing groups | and Il, I and lll, Il and lll, and Il and IV, whereas no significant difference was observed when comparing groups | and IV or Il and IV.

1 A significant difference (P < 0.05) was found when comparing groups | and Il, I and lll, | and IV, and Il and IV, whereas no significant difference was observed when comparing groups Il and IV or Il and |II.

1 mm? projection of the histological sections.

negative polarity (1.68 pwA/cm?, 115
Hz) delays bone healing, as evidenced
by the presence of woven bone. Ap-
plication of electrical fields with either
negative or positive polarity (2.64 wA/
cm?, 650 Hz) was found to increase
peri-implant bone volume when com-
pared with sham-treated animals.

Although most studies using elec-
trical fields have used negative polarity,
the favorable effect of electropositivity
on wound healing has also been de-
scribed. Weiss et al’® stated that many
investigators have found enhanced
wound healing when the polarity was
changed during the course of treatment.
It is possible that direct electronegative
stimuli accelerate the rate of healing in-
creasing both cellular proliferation and
collagen synthesis. However, the mech-
anism by which this cellular activation
occurs is yet to be clarified.

Recent findings reported by
Brighton er al'® lend further support to
the hypothesis that differences in the
dose-response (bone-cell prolifera-
tion) of the various forms of electrical
stimulation are due to differences in
signal transduction.

The findings reported in the liter-
ature and the results obtained using
this experimental model evidence the
need for further research on this non-
invasive treatment involving applica-
tion of external electrical fields, so as
to optimize its clinical use for soft and
hard tissue repair.

CONCLUSION

Application of external positive or
negative electrical fields using the ex-

perimental model (post-titanium im-
plant bone healing in rat tibia), and
under the conditions stated herein, was
found to enhance peri-implant lamel-
lar bone volume compared with sham-
treated animals.

The use of a device generating a
positive or negative electrical field
resulted in the presence of woven
bone.
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Auswirkungen elektrischer Felder auf die Osteogenese im
Implantatumlagernden Bereich: eine histologische sowie
histomorphometrische Studie

ZUSAMMENFASSUNG: Zielsetzung: Die Reaktion des
Gewebes auf Verletzungen, wie dies auch bei der Wundhei-
lung auftritt, kann als gut organisiertes biologisches Ereignis
bezeichnet werden. Sowohl klinische als auch experimentelle
Studien haben gezeigt, dass eine elektrische Stimulation von
auBlen zur Wiederherstellung des betroffenen Gewebes bei-
tragen kann. Die Auswirkungen einer elektrischen Stimula-
tion vor Ort wurden in experimentellen Modellen bei der
Heilung von Briichen, nach Ostektomie, osteogener Distrak-
tion sowie bei Einsatz von Implantaten untersucht. Die vor-
liegende Studie zielte darauf ab, die Auswirkungen bei
Anlage eines elektrischen Feldes auf die das Implantat um-
lagernden Gewebeteile bei Wundheilung zu ermitteln und
bewerten. Dazu fand ein experimentelles Modell Anwend-
ung, das die Einpflanzung eines metallischen Laminarim-
plantats in das Schienbein von Ratten vorsah. Materialien
und Methoden: Als Versuchstiere wurden 40 minnliche
Wistar-Ratten mit einem Gewicht von jeweils ca. 100g eing-
esetzt. Ein lamindres Titanimplantat (6 X 1 X 0,1 mm)
(Implant Vel, Buenos Aires, Argentinien) wurde durch eine
Offnung eingefiihrt und in den medulldren Bereich eing-
esetzt. Die betroffenen Gewebeteile wurden neu ausgerichtet
und sorgfiltig geniht. Mittels elektronischem Gerit (ECCEL,
DAM, Argentinien) wurde ein elektrischer Impuls ausgesen-
det. Die elektrische Feldplatte wurde auf die beiden hinteren
Gliedmafen aufgebracht. Blindgruppe: Die Tiere wurden der
gleichen Prozedur unterzogen, allerdings lag bei diesen kein
Strom vom Generator an der Platte an. Alle Versuchstiere
wurden mit einer Uberdosis an Ather 15 Tage nach der
Implantierung getodtet. Die Schienbeine der Tiere wurden
entnommen, in 20-prozentigem Formalin fixiert, gerontgt und
zur FEinbettung in Methyl-Methacrylat vorbereitet. Die
Bodenabschnitte wurden mit 1-prozentigem Toluidinblau
eingefarbt. Die nachfolgenden Parameter wurden bewertet:
das Knochengewebsvolumen im das Implantat umlagernden
Gewebe sowie der Prozentsatz der Knochengewebsintegration.
Uber ANOVA (p < 0.05) wurde eine statistische Analyse der
Ergebnisse durchgefiihrt. Ergebnisse: Die Anwendung externer
positiver und/oder negativer elektrischer Felder unter Anwend-
ung des experimentellen Modells (Post-Titan-Implantat-

Knochenheilung in Schienbeinen bei Ratten) sowie unter den in
diesem Bericht geschilderten Bedingungen stellte sich bei einem
Vergleich zu der Blindversuchsgruppe als vorteilhaft und
fordernd fiir die Bildung von Lamellenknochen im das Implantat
umlagernden Bereich heraus. Schlussfolgerung: Durch die An-
lage eines Gerits zum Aufbau positiver/negativer elektrischer
Felder wurde die Bildung von Geflechtknochen hervorgerufen.

SCHLUSSELWORTER: Knochengewebsintegration, elek-
trisches Feld, Osteogenese, Metallimplantat
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Efecto del campo eléctrico en la osteogénesis periimplante:
Un estudio histologico e histomorfométrico

ABSTRACTO: Proposito: La respuesta del tejido a las lesio-
nes, como ocurre durante la curacion de una herida, es un
evento biolégico bien organizado. Estudios clinicos y experi-
mentales han demostrado que la estimulacién eléctrica
externa mejora la reparacion del tejido. El efecto de la es-
timulacion eléctrica in situ se ha estudiado en modelos
experimentales de curacién de fracturas, osteotomias, distrac-
ci6én e implantes osteogénicos. El objetivo de este estudio fue
evaluar el efecto de un campo eléctrico en la curacién de una
herida periimplante, usando un modelo experimental que
involucré la colocacion de un implante laminar metélico en la
tibia de un raton. Materiales y Métodos: Se usaron cuatro
ratones machos Wistar que pesaban aproximadamente 100g
de peso corporal. Un implante laminar de titanio
(6 X 1 X 0,1 mm) (Implant Vel, Buenos Aires, Argentina) se
colocé a través del agujero en el compartimiento medular.
Los tejidos se reposicionaron y suturaron cuidadosamente. Se
us6 un generador de campo eléctrico (ECCEL, DAM, Argen-
tina) para crear el estimulo eléctrico. La placa del campo
eléctrico se colocd en la piel de las dos extremidades traseras.
Grupo de control: Los animales fueron sometidos al mismo
procedimiento sin conectar la placa al generador de campo
eléctrico. Todos los animales fueron sacrificados a través de
una sobredosis de éter de 15 dias después de la colocacién del
implante. Las tibias fueron resecadas, fijadas en formalina al
20%, radiografiadas y procesadas en metacrilato de metilo.
Las secciones trituradas fueron manchadas con azul de tolu-
idina al 1%. Se evaluaron los siguientes parametros: volumen
de hueso periimplante y porcentaje de oseointegracién. Los
andlisis estadisticos de los resultados se realizaron usando
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ANOVA (p < 0.05). Resultados: La aplicacién de campos
energéticos negativos y/o positivos usando el modelo exper-
imental (curacién del hueso del implante postitanio en la tibia
de ratones) y bajo las condiciones indicadas aqui, demostré
mejorar el volumen de hueso lamelar perimplante, com-
parado con los animales del grupo de control. Conclusion: El
uso de un dispositivo que genera un campo eléctrico positivo
0 negativo resulté en la presencia de un hueso integrado.

PALABRAS CLAVES: Oseointegracion, campo eléctrico,
osteogénesis, implante de metal
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Efeito do campo elétrico sobre a osteogénese do periim-
plante: Estudo histologico e histomorfométrico

RESUMO: Objetivo: A resposta do tecido a lesdao, conforme
ocorre durante a cura da ferida, ¢ um evento biolégico bem-
organizado. Estudos clinicos e experimentais mostraram que
o estimulo elétrico externo intensifica a reparag¢do do tecido.
O efeito de estimulo elétrico in situ foi estudado em modelos
experimentais de cura de fratura, ostectomia, distragdo osteo-
génica e implantes. O objetivo do presente estudo era avaliar
o efeito de um campo elétrico sobre a cura da ferida do
periimplante, usando-se um modelo experimental que en-
volva um implante laminar metélico em tibias de ratos. Ma-
teriais e Métodos: Quarenta ratos Wistar machos pesando
aproximadamente 100g de peso corporal foram usados. Um
implante laminar de titanio (6 X 1 X 0.1 mm) (Implant Vel,
Buenos Aires, Argentina) foi inserido no orificio e colocado
no compartimento medular. Os tecidos foram entdo reposi-
cionados e suturados cuidadosamente. Um gerador de campo
elétrico (ECCEL, DAM, Argentina) foi usado para provocar
o estimulo elétrico. A placa de campo elétrico foi colocada
sobre a pele de ambos os membros posteriores. Suposto
grupo: Os animais foram sujeitos a0 mesmo procedimento
sem conectar a placa ao gerador de campo elétrico. Todos os
animais foram mortos por overdose de éter 15 dias apds a
implantagdo. As tibias foram ressecadas, fixadas em forma-
lina a 20%, radiografadas e processadas para incrustar no
metil metacrilato. As se¢des de base foram manchadas com
azul de toluidina a 1%. Os seguintes parametyros foram
avaliados: volume do osso de periimplante e porcentagem de
osseointegracdo. A andlise estatistica dos resultados foi real-
izada usando-se ANOVA (p < 0.05). Resultados:
Descobriu-se que a aplicagdo de campos elétricos externos
positivos e/ou negativos usando-se o modelo experimental

(cura de osso de implante pés-titdnio em tibias de ratos) e sob
as condi¢des declaradas neste intensificou o volume do o0sso
lamelar de periimplante, em comparacido com animais supos-
tamente tratados. Conclusdo: O uso de um dispositivo gera-
dor de campo elétrico positivo/negativo resultou na presenca
de osso entrelacado.

PALAVRAS-CHAVE: Osseointegragdo, campo elétrico, im-
plante de metal
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Bausnue INEKMPUULECK020 noas Ha

NePUUMRAGHMAMHBLI OCINE02EHEe3: UCMON0ULECKOe U
aucmomophomempuieckoe uccaedosanue

PE3IOME: lleas. OTBeTHAsI peakiysl TKAHW HA TPaBMY,
T.€. 3a3KUBJICHAE PAHbBI, — 3TO XOPOIIO OPTaHN30BaAHHBII

OHUOIIOTUYECKUI nmponecc. n KIIMHUYECKHUEC, n
QKCIIEPUMEHTAJIBbHBIC nCCIcJoBaHus
NpOACEMOHCTpUPOBAJIN, qTo BHCIIHSAA

QIICKTPOCTUMYJIALNUA YJIYyIIIACT BOCCTAHOBJIICHUC TKAHU.
Bnustaue mectHO QIICKTPOCTUMYJISIIIUN UCCIIENOBAIOCH
Ha 9KCIIEPUMCHTAJIbHBIX MOJICJISIX CpaCTaHusd Iepeioma,
NCCCUYCHUA KOCTH, BBITSAKCHHA KOCTHU M HMMIIJIAHTATOB.
HCJIL JAaHHOI'O HMCCICJOBaHMsA — OICHUTL BJIUIHUC

QIIEKTPUICCKOro IoJIst Ha 3a>KMBJICHHC
NEepUUMILI aHTaTHOU paHbI C IIOMOIIIBIO
SKCHCpHMCHTaHbHOfI MOa€ean, CO3HaHHOfI nyTeEM

[IOMEUIeHUs] METAJJINYEeCKOro IJIACTUHYATOr0 MMILUIAH-
TaTa B 60JbLIEOEPIOBYIO KOCTh KpbIChl. MaTepuaisl n
MeTofbl. Vcronb30Baioch COPOK MYXKCKUX 0COOEH KPbIC
Yucrapa Becom mnpubmumsureabHo 100 r. TuraHOBBIN
nmnacTuHYaThlil umiianTat (6x1x0,1mM) (MmnnanTat
Vel, Byanoc-Afipec, ApreHTrnHa) BCTaBAIIN Yepe3 pa3pes
U MIOMECTWIIM B KOCTHO-MO3TOBOM KaHajl. 3aTeM TKaHH
BEPHYJIM Ha INPEKHEEe MECTO U TLATENbHO HaJOXKUIH
wBbl. i co3pgaHusi  2JIEKTPOCTUMYJIHMPYIOLIErO
aekTa MCHONb30BANN TEHEPATOP 3IJIEKTPUUYECKOrO
nonst (ECCEL, DAM, Aprentuna). Ha koxy oGenx 3as-
HUX  KOHEYHOCTe#dl  IIOMECTMJIM  IUIaCTUHKY  C
9JIEKTpUYECKUM MosieM. I'pynna JIOXKHOW CTUMYJISLUY:
>KMBOTHBIX IOABEPIVIM TaKOW K€ Ipoueaype, HO 06e3
MOJKTIOYEHUSsI IJTACTUHKU K reHepaTopy
9JIEKTPUYECKOr0 MOJsl. Bcex >KMBOTHBIX YMEPTBUIH
Nepefio3upoBKoN acupa yepes 15 gHell mocne UMILIaH-
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Tanuyn. bonbmie6GepioBble KOCTH pe3enupoBaln, 00-
paboramum 20-POIEHTHBIM PACTBOPOM (popmasnuHa,
caejaiyl pPEHTTeHOBCKME CHUMKU M IOTPY3WIH B
MeTunmeTakpunaT. OCHOBHbIE ydacTKu okpacunu 1%
pacTBOPOM  TOJNYUAMHOBOro cuHero. OueHuBaIuCh
cliefylolllie IapaMeTpbl: O0beM IepUUMILUIAHTATHOM
KOCTH ¥ IPOLIEHT OocTeonHTerpauuu. CTaTUCTHYECKUil
aHaJu3 PEe3yJbTaTOB BBINOJHEH ¢ nmomompio ANOVA
(p<<0.05). Pe3yabTarTsl. BT CHesan BBIBOJ O TOM, YTO
[IPUMEHEHUE BHELIHUX IOJIOKUTENbHbIX U  (WIN)
OTPHULATEJBHBIX IOJIell B 3KCIEPUMEHTAIBHON MOJENIH
(3a>KMBIIEHUE KOCTHU IIOCIIE€ YCTAaHOBKU TUTAHOBOI'O UM-
MaaHTaTa B OONBIIEOEPIOBYIO KOCTH KPBICHI) MpHU
OIMCAHHBIX BbIIIE YCIOBUSIX CIIOCOOCTBYET YBEJINYEHUIO
0o0beMa MEePUUMIITIAHTATHON TJIACTUHYATON KOCTH MO
CPaBHEHMIO C >KMBOTHBIMU, KOTOPbIM CHUMYJIUPOBAIH
neyeHne.BoiBop. Hcnonp3zoBanne YCTPOMCTBA,
FeHEPHUPYIOLIEro NIOJIOXKUTENbHOE/OTPULATENIbHOE
9JIEKTPUYECKOE 110JIe, IIPUBENIO K (POPMUPOBAHUIO ILIAC-
THHYATON PETUKYIO(PUOPO3HON KOCTHON TKAHW.

KJ/TIOYEBBIE CJ/IOBA: OCCeOMHTErpanus,
9JIEKTPUUYECKOE TOJIe, OCTEOTeHE3, METAJUIMISCKUI M-
IJIaHTAT.
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Peri-implant osteogenezinde elektriksel alanyn etkisi: His-
tolojik ve histomorfometrik bir ¢aljpma

OZET: Amag: Bir yaranim iyilesmesinde goriilen yaralan-
maya kars1 dokusal yanit, iyi bir organizasyon gosteren biy-
olojik bir olaydir. Klinik ve deneysel calismalar, disaridan
(eksternal) elektriksel stimiilasyonun doku onarimini arttird-
1811 gostermigstir. Yn situ elektriksel stimiilasyonun etkisi,
kirik iyilegsmesi, ostektomi, osteojenik distraksiyon ve im-
plantlarin deneysel modellerinde aragstirilmigtir. Bu caligma-
nin amact, peri-implant yara iyilecsmesinde bir elektriksel
alanin etkisini, metal bir laminar implantin sigan tibia
kemigine yerlecstirildigi deneysel bir modelde deger-
lendirmekti. Gere¢ ve Yontem: Bu calismada yaklagik 100 g
viicut agirligina sahip, 40 adet erkek Wistar sican kullanildi.
Bir titanyum laminar implant (6x1x0.lmm) (Implant Vel,
Buenos Aires, Arjantin) insizyondan sokularak medullar
kompartmana yerlestirildi. Sonra dokular yeniden konumla-
nip, dikkatlice sutiir atildi. Elektriksel stimiilasyon i¢in bir
elektrikli alan jeneratorii (ECCEL, DAM, Arjantin) kulla-
nildi. Elektriksel alan plakasi, si¢anlarda iki arka bacagin
derisine yerlestirildi. Plasebo grubu: Plaka, elektriksel saha
jeneratoriine baglanmadan hayvanlara ayni prosediir uygu-
land1. Implantasyondan 15 giin sonra hayvanlarmn hepsi yiik-
sek bir eter dozu ile 6ldiirtildii. Tibia kemiklerine reseksiyon
yapilarak, bunlara %20 formalin uygulandi. Daha sonra ra-
dyografi uygulanan tibia, metil metakrilata gémiilmek iizere
islemden gegirildi. Ogiitiilmiis kisimlar, %1 toluidin mavi ile
boyandi. Degerlendirilen parametreler, peri-implant kemik
hacmini ve osseointegrasyon yiizdesini icerdi. Sonuclarin
istatistiksel analizinde ANOVA (p<<0.05) kullanildi. Bulgu-
lar: Burada belirtilen kosullar altinda, deneysel model (sigcan
tibia’sinda titanyum implant sonrast kemik iyilesmesi) kulla-
nilarak digsaridan (eksternal) pozitif ve/veya negatif elektrik-
sel alan uygulamasinin plasebo uygulanan hayvanlara gore
peri-implant lamelar kemik hacmini arttirdigr goriildii. So-
nug: Pozitif/negatif elektriksel alan yaratan bir cihazin kul-
lanilmas1 kemik oOriilmesine neden olmustur.

ANAHTAR KELYMELER: Osseointegrasyon, elektriksel
alan, osteogenez, metal implant.
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