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Histomorphometric Study of Bone Healing
Around Laminar Implants in
Experimental Diabetes

Maximo Juan Giglio, DDS, PhD,* Graciela Giannunzio, DDS,** Daniel Olmedo, DDS,**

he first studies on titanium
T implants by Branemark et al
have provided the basis for

modern implantology. During the
healing phase, several local and/or
systemic factors (eg, radiotherapy,
disorders of bone metabolism, in-
traosseous infections, traumatic sur-
gical technique, and chemotherapy)
may influence the degree of bone
response to the implant environ-
ment.? Proper selection of patients is
one of the most decisive issues re-
garding prognosis of implant treat-
ments® because administration of
pharmacological agents or disease
may complicate or even exclude
such therapeutic alternatives.?3

It has been well documented that
abnormalities of bone and mineral
metabolism occur in several experi-
mental models of diabetes.*~'! These
alterations have been reported in
short-term or drug-induced diabetes,
such as streptozotocin (STZ)-induced
diabetes.”1%13

In a previous experimental study,
Cabrini et al'* developed an experi-
mental model (Laminar Implant
Test) to quantitatively validate the
periimplant reparative process during
the unloaded healing stage. The aim
of the present work was to carry out
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The aim of this study was to
evaluate the effects of experimental
diabetes on the healing period
leading to osseointegration. Wistar
rats were injected with a single
dose of streptozotocin (STZ); body
weight and food intake were as-
sessed every 48 hours. On days 2,
12, 26, and 42 post-STZ, glucemia,
plasma hemoglobin, and urea were
determined. Twelve days post-STZ,
a titanium laminar implant was
placed in the right tibia of each
rat. Two groups of 20 rats each
were killed on days 14 and 30
postimplantation, respectively. Re-
sults (ANOVA test) showed STZ-
treated rats to have 1) a significant

decrease in body weight; 2) an
increase in food intake; 3) normal
hemoglobin and plasma urea val-
ues; 4) a significant increase in
glucemia; and 5) a decrease in
tibiae length. Microscopic evalua-
tion 14 days postimplantation re-
vealed the presence of woven bone,
and, at 30 days, laminar bone was
in contact with the implant. Our
findings show that, in this model of
periimplant bone repair and under
the experimental conditions stated
herein, STZ-induced diabetes re-
tards periimplant bone healing.
(Implant Dent 2000,9:143—149)
Key Words: diabetes, osseointegra-
tion, dental implant, streptozotocin

a histomorphometric study of the
effects of STZ-induced diabetes on
the healing period leading to periim-
plant osseointegration.

MATERIALS AND METHODS

Animals

Forty male Wistar rats weighing
47 = 5 g were used. Animals were
housed in plastic cages and main-
tained on a 12:12 hour light:dark
cycle. They were fed rat chow and
water ad libitum. National Institutes
of Health guidelines for the care and
use of laboratory animals (NIH Pub-
lication No. 85-23, Rev. 1985) were
observed.

Diabetes Induction

Rats in the experimental group
(n = 20) were given a single 65
mg/kg body weight intraperitoneal

injection of STZ (Sigma, St. Louis,
MO) dissolved in citrate buffer, pH
4.5. Using conventional methods,
blood glucose was monitored in tail-
nicked blood samples obtained 48
hours after induction of diabetes. A
minimum blood glucose level of 180
mg/dL was adopted as the criterion
level for having established moderate
diabetes. Animals not responding
(blood glucose <180 mg/dL) were
excluded from the study. Body
weight and food intake were as-
sessed every 48 hours. On days 2,
12, 26, and 42 post-STZ, plasma glu-
cose, hemoglobin, and urea were
determined using conventional tech-
niques.

Surgical Procedure

Twelve days post-STZ, under
ether anesthesia, a CP titanium lami-

IMPLANT DENTISTRY / VOLUME 9, NuMBER 2 2000 143




To Ti2 Tas Ta2
Fig. 1. Schedule of the ex- STZ Implantation Histomorphometric Histomorphometric

perimental procedure.
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nar implant (6 X 1 X 0.1 mm;
Implant-Vel, Buenos Aires, Argen-
tina) was placed in the right tibia of
each rat (diabetic group n = 20 and
control group n = 20), following the
non-traumatic surgical technique de-
scribed by Cabrini et al.'* Half of the
animals in each group (experimental
diabetes n = 10 and control n = 10)
were killed by ether overdose on day
14 postimplantation, and the remain-
ing half underwent the same proce-
dure 30 days postimplantation (26
and 42 days post-STZ, respectively)
(Fig. 1). The tibiae were resected,
fixed in 20% formalin solution, and
radiographed.

Histological Processing

The tibiae were processed for
embedding in methylmethacrylate
resin. The samples were then sec-
tioned using a saw. Three slices were
cut perpendicular to the major axis
of the tibiae; that is, at the middle of
the implant and at two points equi-
distant from the middle. The cross

sections were first ground using a
grinding machine then were finished
manually with sandpaper to obtain
sections about 30 to 50 wm thick.
The sections were then stained with
1% toluidine blue.

Histomorphometric Analysis

A Kontron MOP-aMm 03 image
analyzing system was used at X80
magnification to evaluate the per-
centage of bone in direct contact
with the implant surface (osseointe-
gration) and the volume of periim-
plant bone tissue. Results are given
as mean * SD. Statistical signifi-
cance was determined by ANOVA
test.

RESULTS

Body weight was significantly
lower in diabetic animals than in
controls, both at 14 and 30 days
postimplantation (33% and 26%, re-
spectively, P < .001) (Fig. 2). Dia-
betic animals also had a significant

increase in plasma glucose (125%
and 151% at 14 and 30 days postim-
plantation, respectively, P < .001)
(Fig. 2) and in food intake (30%,

P < .01) compared with controls.
The difference between diabetic and
control animals regarding plasma
hemoglobin and plasma urea was not
statistically significant at 14 or 30
days postimplantation. Histological
observations at 14 days postimplan-
tation revealed bone formation sur-
rounding the implants, both in con-
trol and diabetic animals. Control
animals showed lamellar bone close
to the implant (Fig. 34, B).

It must be pointed out that even
though the extension of osteogenic
repair process in STZ-treated rats
was far greater than in control ani-
mals, this tissue was woven bone
(Fig. 4A, B).

Thirty days postimplantation,
additional lamellar bone growth was
observed in control animals (Fig. 5).
Diabetic animals showed a thin layer

14 DAYS POST-IMPLANTATION

Control Diabetics
X £8.D. x+S.D.
n:10 n:10
Fig. 2. Body weight and Body weight (g) 119.75 £ 2.47 80+ 1.68
plasma glucose determina-
tions at 14 and 30 days
postimplantation. Plasma glucose 105+ 4.10 235.25 + 14.64
(mg/dl)
+:8.D.

30 DAYS POST-IMPLANTATION

Control Diabetics
x+S.D. X+S.D.
n:10 n:10
236.75 +3.30 175.50 + 2.80
92.75+4.3 233.25+42.6

144 BONE HEALING IN EXPERIMENTAL DIABETES




Fig. 3A, CONTROL 14 days postimplantation. Grinding section showing bone apposition to
titanium laminar implant. Original magnification X50; B, CONTROL 14 days postimplanta-
tion. At higher magnification, close contact and full congruency at the level of the bone-
implant interface is evident. Original magnification>x400.

A B

Fig. 4A, DIABETIC 14 days postimplantation. Grinding section showing woven bone
formation in the periimplant microenvironment. Original magnification x50; B, DIABETIC 14
days postimplantation. Notice the woven bone-implant interface at higher magnification.
Original magnification x400.

Fig. 5. CONTROL 30 days postimplantation. Grinding section showing osseointegration.
Original magnification x400.

Fig. 6. DIABETIC 30 days postimplantation. Grinding section showing close bone
apposition to the implant. Original magnification X 100.
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of osseointegrated lamellar bone
(Fig. 6).

Histomorphometric studies re-
vealed a significantly lower percent-
age of osseointegration in diabetic
animals compared with controls, both
at 14 and 30 days postimplantation

(40% and 42%, respectively, P <
.001) (Fig. 7).

The volume of periimplant bone
tissue was greater in diabetic animals
than in controls (P < .001) 14 days
postimplantation and lower (P < .001)
30 days postimplantation (Fig. 8).

DiscussIoN

According to previous studies
reported in the literature,'>-!7 induc-
tion of diabetes with STZ in rats is
associated with a decrease in body
weight and an increase in food in-
take and blood glucose concentra-
tion. Blood glucose concentration
was more than two-fold greater than
the control value. Mean serum creati-
nine concentration was <1 mg/dL in
both groups (data not shown).
Plasma urea concentration was also
normal.

The deleterious effects of diabe-
tes on linear growth and body com-
position are well documented.'>'¢ In
the present study, diabetic rats
showed a reduction in tibiae length,
and microscopically, the metaphyseal
area was similar to control animals
(data not shown).

The laminar implant test used in
this study was used to evaluate the
effect of experimental diabetes on
the healing period leading to periim-
plant osseointegration. In this experi-
mental model, the area of osteogenic
periimplant response 14 days postim-
plantation was greater in diabetic rats
than in controls. However, it must be
pointed out that this bone was woven
bone. In a previous study,'® we eval-
uated the different stages in the heal-
ing process leading to osseointegra-
tion and found that periimplant
woven bone volume reaches its high-
est peak 6 days after implantation
but then decreases and finally disap-
pears around day 14. At this time
lamellar bone can only be found on
the implant surface (osseointegra-
tion). The presence of woven bone
14 days postimplantation and of a
thin layer of lamellar bone 30 days
postimplantation reveals that bone
healing around a laminar implant
(commercially pure titanium, smooth
surface) is slower in STZ-induced
diabetic animals than in controls.

Takeshita et al'® reported that
“the healing response accompanied
by bone formation chiefly depends
on the condition of the implanted
site.” These authors based their con-
clusion on the finding that the “im-
plants in the cortical bone area were
almost completely embedded in the
compact bone tissue in diabetic
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Fig. 7. Histomorphometric study. Percentage of osseointegration.
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group as well as in the control

group, in spite of the great differ-

ences in the bone marrow area.”

Nevins et al” stated that “in the

diabetic animals, osseointegration
was observed, although with an a
tered pattern of bone quality. The
morphology of the newly formed
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bone appeared immature and disor-
ganized compared with normal con-
trols.” These data also correspond
with bone marrow response.

The osteogenic capacity of bone
marrow is a known fact. In our ex-
perimental model, we demonstrated
that the osteogenic tissue in the med-

14
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Fig. 8. Histomorphometric study. Volume of perimplant bone tissue.
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ullary compartment (where there is
no bone) reacts in a manner that pro-
duces a layer of osseointegrated bone
tissue that covers a great proportion
of the implant surface.

CONCLUSIONS

The results obtained in this study
demonstrated a delay in the periim-
plant bone reparative process in dia-
betic animals for both the quality
and quantity of bone tissue.

To date, diabetes-related bone
tissue disorders remain unclear.
Some of the possible explanations
may be 1) the reduction of insulin
release, which seems to decrease col-
lagen production; 2) bone turnover is
depressed due to the inactivation of
osteoblasts followed by impaired
osteoclast activity;*' 3) decreased
protein synthesis and phosphatase
activities in osteoblasts;?* 4) changes
in extracellular matrix components
and bone metabolism caused by ad-
vanced glycosylation end products;*
and 5) a reduction in mineralized
bone volume.*

Diabetes was not controlled in
the experimental model used in this
study. Additional research should
aim at studying the role of insulin
control. It is likely that patients with
well-controlled diabetes are not a
risk group for surgical procedures,
whereas those with poorly controlled
diabetes may experience a failure in
wound healing.”

Balshi and Wolfinger® reported
that the results of their retrospective
study indicate that a high success
rate is achievable when dental im-
plants are placed in diabetic patients
whose disease is under control.
These authors stated that “ it has
become increasingly common for
controlled diabetic patients to be
considered as candidates for dental
implants.”
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OBSERVATIONS AND REMARKS

A review of Histomorphometric Study of
Bone Healing Around Laminar Implants in
Experimental Diabetes by Thomas J.
Balshi, DDS

This was a well-conducted study
that supports findings of previous
investigations that uncontrolled dia-
betes can play a role in the de-
creased bone apposition to a titanium
implant during the initial healing
phase. It is clinically important to be
aware of this potential complication
that could arise in treating an uncon-
trolled diabetic patient. The question
yet to be answered is, “What degree
of decreased bone formation result-
ing from uncontrolled diabetes will
ultimately affect the clinical use of
the implant, ie, inhibit osseointegra-
tion to render the implant incapable
of sustaining stability under loading
forces?”

The clinician must stress to the
diabetic patient the need for careful
monitoring of blood glucose levels
and control of the disease process.
There are many undiagnosed diabetic
patients. Many practitioners have
treated patients who have demon-
strated poor healing to dental proce-
dures. Recognizing poor healing
around the dental implant could be
an indication of a systemic abnor-
mality such as diabetes in some pa-
tients.

In our center we have found that
controlled diabetics can experience
the same positive results with os-
seointegration as nondiabetic patients
if they are closely monitored and
controlled during all treatment.
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ABSTRACT: Ziel dieser Studie war die Bewertung der Auswirkungen experimentellen
Diabetes auf die Heilungsdauer bis zur vollen Integration in das Knochengewebe. Wist-
arratten wurde eine einzelne Dosis Streptozotocin (STZ) injiziert; Kdrpergewicht und
Nahrungsaufnahme wurden alle 48 Stunden bestimmt. Am 2., 12., 26., und 42. Tag nach
STZ-Verabreichung wurden der Blutzucker-, der Plasma-Hidmoglobin- sowie der Harn-
stoffgehalt gemessen. Zwolf Tage nach STZ-Verabreichung wurde jeder Ratte ein lam-
inares Titanimplantat in das rechte Schienbein eingesetzt. Zwei Gruppen von jeweils
zwanzig Ratten wurden 14 bzw. 30 Tage nach Implantateinbringung getdtet. Der
(ANOVA-) Test ergab an mit STZ behandelten Ratten folgende Ergebnisse: A) eine
signifikante Abnahme des Korpergewichts, B) eine erhohte Nahrungsaufnahme, C) nor-
male Himoglobin- und Plasma-Harnstoffwerte, D) einen signifikanten Anstieg der Blut-
zuckerwerte, E) eine Verkiirzung des Schienbeins. Bei der mikroskopischen Untersu-
chung 14 Tage nach Implantateinbringung zeigte sich Geflechtknochen; nach 30 Tagen
bestand Kontakt zwischen laminarem Knochen und Implantat. Unsere Ergebnisse zeigen,
dap sich durch STZ-induzierten Diabetes bei diesem Modell der Augmentationsplastik im
umliegenden Bereich von Implantaten und unter den hier beschriebenen Versuchsbedin-
gungen eine verzogerte Heilung des Knochengewebes im Bereich des Implantats ergibt.

SCHLUSSELWORTE: Diabetes, Knochenintegration, Zahnimplantat, Streptozotocin

ABSTRACTO: Los factores locales o sistémicos que condicionan el fracaso de los
implantes dentales es un tema de interés creciente. Es de destacar que un alto porcentaje
de estas variaciones actian en las etapas reparativas tempranas postimplante. El objetivo
del presente fue evaluar histomorfométricamente los efectos de la diabetes experimental
en la cascada de la cicatrizacion Gsea peri-implante que conduce a la oseointegracion.
Ratas Wistar macho recién destetadas fueron inyectadas con una dosis de streptozotocina
(STZ) (65mg/kg. de peso corporal), determindndose el peso corporal y la ingesta de
alimento cada 48 horas. A los 2, 12, 26 y 42 dias post-STZ, se determinaron glucemia,
hemoglobina, y urea en plasma mediante técnicas convencionales. A los 12 dias post-SZT
se colocaron implantes laminares de titanio* en la tibia derecha de cada rata (Cabrini et
al. Imp Dent 1993;2:264-267). Dos grupos de 20 ratas cada una fueron sacrificados por
sobredosis de éter a los 14 y 30 dias post-implantacion, respectivamente, se resecaron las
tibias, radiografiaron y procesaron para su inclusion en resina acrilica. Los resultados
obtenidos mostraron (Test de ANOVA) en las ratas tratadas con STZ: a) disminucién del
peso corporal (26%) a los 30 dias post-implantacion, b) aumento de la ingesta de alimento
(30%), c) valores normales de hemoglobina y urea en plasma y d) aumento significativo
de la glucemia (151%) a los 30 dias post-implantacién. La evaluacion microscopica en los
animales control evidencié la presencia de tejido Gseo laminar a los 14 y 30 dias
post-implantacién. En los animales diabéticos a los 14 dfas post-implantacién se revelo la
presencia de hueso reticular mientras que a los 30 dias se encontré hueso laminar en
contacto con el implante. El estudio histomorfométrico evidencio en las ratas diabéticas:
a) una disminucion significativa del porcentaje de oseointegracién a 14 y 30 dfas
post-implantacién (40% y 42% respectivamente) y b) un volumen de tejido 6seo peri-
implante mayor (25%) a los 14 dias post-implante en comparacion al encontrado a los 30
dias post-implante (4%). Es importante destacar que si bien se encontré un mayor
volumen 6seo peri-implante a los 14 dias post-implantacién, el estudio histol6gico
determiné la presencia de hueso reticular. Los hallazgos obtenidos en el modelo experi-
mental utilizado sugieren que la diabetes inducida por estreptozotocina retardaria la
cicatrizacion 6sea peri-implante.

PALABRAS CLAVES: diabetes, oseointegracion, implante dental, estreptozotocina
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SINOPSE: O objetivo desse estudo era avaliar os efeitos da diabetes experimental no
periodo de cicatrizacdo que leva a integracao éssea. Uma dose tnica de streptozotocin
(STS) foi injetada em Ratos Wistar; o peso corporal e a ingestdo de alimentos foram
avaliados a cada 48 horas. Nos dias 2, 12, 26 e 42 ap6s a dose de STZ, foram determinados
os niveis de glicemia, hemoglobina pldsmica e uréia. Doze dias ap6s a dose de STZ, foi
colocado um implante laminar de titdnio na tibia direita de cada rato. Dois grupos de vinte
ratos foram sacrificados nos dias 14 e 30 apés o implante, respectivamente. Os resultados,
(teste ANOVA) mostraram que os ratos tratados com STZ apresentaram: A) diminuigio
considerdvel no peso corpéreo; B) aumento na ingestdo de elementos; C) valores normais
de hemoglobina e uréia plasmdtica, D) aumento considerdvel na glicemia e E) diminui¢do
no comprimento das tibias. A avaliacdo microscépica 14 dias ap6s o implante revelou a
presenca de osso entrelacado, e em 30 dias, o osso laminar estava em contato com o
implante. Nossas descobertas mostram que neste modelo de reparo do osso por peri-
implante e sob as condigdes experimentais citadas acima, a diabetes induzida por STZ
retardaria a cicatrizacdo Gssea peri-implante.

PALAVRAS-CHAVES: diabetes, integracdo Gssea, implante dentdrio, streptozotocin
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