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Influence of Nicotine on Healing Process of 
Autogenous Bone Block Grafts in the Mandible:

A Histomorphometric Study in Rats
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Purpose: The aim of this study was to perform qualitative and quantitative analyses of the effect of
nicotine on autogenous bone block grafts and to describe events in the initial healing phase and the
differences in the repair processes between animals exposed to nicotine and controls. Materials and
Methods: Forty-eight female Wistar rats were randomly divided into 2 groups, the nicotine group and
the saline group. All animals received either nicotine (3 mg/kg) or saline 4 weeks before the surgical
procedure and continued to receive nicotine from surgery to sacrifice at 7, 14, or 28 days. The autoge-
nous bone block graft was harvested from the calvaria and stabilized on the external cortical area
near the angle of the mandible. Results: The histologic analyses of the nicotine group depicted a delay
in osteogenic activity at the bed-graft interface, as well as impairment of the organization of the granu-
lation tissue that developed instead of blood clot. Nicotine-group specimens exhibited less bone neo-
formation, and the newly formed bone was poorly cellularized and vascularized. The histometric analy-
sis revealed significantly less bone formation in the nicotine group at both 14 days (23.75% ± 6.18%
versus 51.31% ± 8.31%) and 28 days (42.44% ± 8.70% versus 73.00% ± 4.99%). Conclusion: Nico-
tine did jeopardize the early healing process of autogenous bone block grafts in rats but did not pre-
vent it. INT J ORAL MAXILLOFAC IMPLANTS 2008;23:437–444

Key words: autograft, bone grafting, nicotine, wound healing

Tobacco use has been directly associated with a
variety of medical conditions and is one of the

most preventable causes of disease. Cigarette smok-
ing has been established as one of the most signifi-
cant risk factors in the onset and progression of peri-
odontal disease.1,2 Several clinical and epidemiologic
studies indicate that cigarette smoking jeopardizes

the response to surgical and nonsurgical
procedures.3–9 The precise mechanisms by which
tobacco smoke interferes with healing are not com-
pletely understood. However, a large number of
potentially toxic substances are found in tobacco.
Nicotine is not only one of the most important com-
pounds of the particulate phase of  tobacco smoke
but also the most investigated.10,11 Several studies in
animals have demonstrated that systemic adminis-
tration of nicotine may reduce revascularization and
osteogenesis,12–16 delay alveolar healing of extrac-
tion sockets17 and bone healing of defects treated by
guided tissue regeneration,18 and enhance bone loss
in furcation regions regardless of plaque infection.19

Clinical studies have shown an association between
dental implants in augmented maxillary sinuses and
a history of smoking.20 A higher implant failure rate
after rehabilitation of maxillae with and without
bone grafts21–24 has been associated with smoking.

There is limited information regarding the effect
of cigarette compounds, such as nicotine, on the ini-
tial healing process of autogenous bone block grafts.
Thus, the purpose of this study was to perform quali-
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tative and quantitative analyses of the effect of nico-
tine on autogenous bone block grafts in rats, includ-
ing the description of events in the initial healing
phase and differences in the repair processes
between rats exposed to nicotine and controls.

MATERIALS AND METHODS

Animals
Forty-eight Wistar female rats (300 to 400 mg) were
included in the study. The animals were kept in plas-
tic cages with access to food and water ad libitum.
The present research protocol was approved by the
University of São Paulo, Institutional Animal Care and
Use Committee (no. 33/03).

Experimental Design
The animals were randomly assigned into 2 study
groups, the nicotine group and the saline group. The
nicotine group received subcutaneous injections of
nicotine (3 mg/kg) twice daily at 12-hour intervals (n
= 24). The saline group received saline under the
same conditions. All animals received either nicotine
or saline for a period of 4 weeks before surgical pro-
cedure of autogenous bone block graft. After surgery,
the nicotine or saline regimen continued until the
time of sacrifice (7, 14, or 28 days postoperatively).

Nicotine hemisulfate (Sigma Chemical, St Louis,
MO) was diluted in saline at the concentration of 5
mg/mL for the nicotine group. Each rat received a
volume of diluted solution calculated as 3 mg/kg
weight according to the procedure proposed by
Okamoto et al.25

General anesthesia was obtained by intramuscu-
lar administration of xylazine (0.3 mL/100g body
weight) plus ketamine (0.7 mL/100 g body weight).
The calvaria was used as a donor site, and the angle
of the mandible was the recipient area. After anes-
thesia, the skin of the donor and recipient areas was
trichotomized, and a vigorous disinfection was
accomplished with 0.2% chlorhexidine digluconate
(Colgate-Palmolive, New York, NY).

The bone graft was harvested from the right pari-
etal bone using a surgical trephine with an internal
diameter of 3.8 mm (Prudent, Lins, São Paulo, Brazil),
with a controlled speed of 800 rpm, under abundant
and continuous irrigation with physiologic saline. The
bone block was then drilled in its center with a 0.5-
mm carbide bur (KG Sorensen, Barueri, São Paulo,
Brazil) at low speed and cooled with physiological
saline. The recipient area was also drilled with the
same carbide bur, allowing a green polyester 5-0
suture thread (Johnson & Johnson/Ethicon,
Somerville, NJ) to go through the mandible and the

bone block. This procedure allowed placement and
stabilization of the graft in close contact with the
mandibular bone surface. The wound was sutured in
layers, ie, the muscle was sutured with 5-0 polyglactin
910 (Vicryl; Johnson & Johnson/Ethicon), and the skin
in the donor and recipient areas was sutured with 4-0
black silk (Johnson & Johnson/ Ethicon).

After sacrifice, the right hemimandible was
removed and fixed in 10% formalin for 48 hours,
demineralized in 18% EDTA for a period of about 40
days, processed, and embedded in paraffin. Semiser-
ial sections 6 µm thick were obtained in a transversal
direction. The sections were stained with either
hematoxylin-eosin (H&E) or Masson trichrome for
histologic and histometric analysis.

Histologic and Histometric Analysis
Histologic analysis was performed in all semiserial
stained sections of each specimen in both groups.The
histologic sections were blindly analyzed by a single
calibrated observer with an Olympus CH2 binocular
microscope (Olympus Optical, Tokyo, Japan) for the
following: presence of granulation tissue, presence of
blood clot, osteogenic activity, occurrence of resorp-
tion, newly formed bone areas, reorganization of the
periosteum, and fulfillment of medullar spaces of
bone graft. For the histometric analysis, the 2 most
central histologic sections of each specimen block
and experimental period were selected (excluding
those in center with a drilled hole), photographed
with a digital camera (Olympus DP 10; Olympus Opti-
cal, Tokyo, Japan) connected to a light microscope
(Olympus BX 50 F4; Olympus Optical), and then trans-
ferred to a computer. Measurements were performed
by image analysis software SigmaScan Pro Version 2.0
(Jandel, San Rafael, CA). A kappa test was used to
check the validity and reliability of the results. To stan-
dardize histometric analysis, the total area of interface
and the newly formed bone area were obtained in
pixels. The data were converted to percentages (ratio
of newly formed bone/interface area) and submitted
to statistical analysis. The significance of differences
between the groups about the percentage of newly
formed bone of the interface area were determined
by analysis of variance followed by a post hoc Tukey
test when the analysis of variance suggested a signifi-
cant difference between groups (P < .05).

RESULTS

Descriptive Histologic Analysis
7 Days. In the saline group, granulation tissue sur-
rounding the external bony graft surface and invad-
ing the bed-graft interface was observed. The tissue
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was characterized by a significant amount of blood
vessels and numerous fibroblast-like cells. The most
central area of the interface presented filled with
blood clot and, at times, small bone splinters. In some
specimens, a discrete osteogenic activity was
observed in the bony surface of the bed recipient
facing the graft (Fig 1).

In the nicotine group, the external bony graft sur-
face was involved with immature, poorly cellularized
granulation tissue. Blood clot was observed along
most of the bed-graft interface, and, in a number of
specimens, it was invaded by fibroblast-like cells
originating from the lateral periphery (Fig 2).

14 Days. The saline group demonstrated a signifi-
cant amount of woven bone formation, with numer-
ous osteocytes in the interface. Osteoblasts were
observed adjacent to the borders of the newly
formed bony tissue, with collagen fibers inserted
between the cells. Areas of connective tissue interpo-

sition between graft and bed recipient were also
observed. The graft was intertwined with a connec-
tive tissue rich in fibers and cells and arranged in a
parallel fashion, resembling periosteum (Fig 3).

The majority of nicotine-group specimens demon-
strated an interface filled with a connective tissue
poor in collagen fibers and connective tissue. In some
areas, woven bone islets originating from the recep-
tor bed were also seen, sometimes in association with
small bone splinters. The connective tissue seen at
the graft periphery was poorly organized (Fig 4).

28 Days. In the saline group, the graft-bed inter-
face showed intense trabecular bone formation con-
necting the bed and the lower surface of the graft.
However, some areas of connective tissue were inter-
posed between the graft and bed. The majority of
intertrabecular spaces was filled by a myeloid tissue
in early development (Fig 5).

Fig 1 Saline group, 7 days. (a) Granula-
tion tissue (GT) surrounding the external
bony graft (G) surface and invading the bed-
graft interface (I). RB = receptor bed (H&E,
original magnification �38). (b) Detail of
the graft periphery and the GT character-
ized by a significant amount of blood ves-
sels and numerous fibroblast-like cells
(H&E, original magnification �275). (c)
Detail of the central area of 1a filled with
blood clot (BC) and invaded by fibroblast-
like cells (black arrow; H&E, original magni-
fication �275). 
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Fig 2 Nicotine group, 7 days. (a) External
bony graft (G) surface surrounded by a net
of fibrin (F) and immature granulation tis-
sue (H&E, original magnification �47). (b)
Detail of the central area of 2a filled by a
net of fibrin and blood cells in apoptosis
and small bone splinters (S; H&E, original
magnification �275). (c) Detail of the graft
periphery and the blood clot (BC) and a dis-
crete migration of fibroblast-like cells (black
arrow; H&E, original magnification �275). 

Fig 3 Saline group, 14 days. (a) Detail of
the bone neoformation (white asterisk) and
osteoblasts (black arrowhead) adjacent to
the newly formed bony tissue and the colla-
gen fibers (black arrow). (b) Detail of the
bone neoformation (white asterisk) and the
connective tissue (black asterisk) between
the graft (G) and the newly formed bony tis-
sue (Masson trichrome, original magnifica-
tion �275).
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Most of the nicotine-group specimens exhibited
areas of trabecular bone formation interposed by con-
nective tissue poor in collagen fibers and fibroblast-like
cells. Only 2 specimens presented intense trabecular
bone formation in the interface, with the majority of
intertrabecular spaces filled by connective tissue (Fig 6).

Statistical Analysis
The kappa test showed validity and reliability of 95%
for the calibrated observer. ANOVA showed significant
differences between groups at the 5% level. These dif-
ferences were found between treatment groups 

(P < .001), and between healing periods (P = .009), but
not between both of them (P = .8367).

The differences between treatment groups and
healing periods were examined with the Tukey test
(Table 1).

Both groups showed bone tissue neoformation at
the graft-native bone interface during the period of
observation (Table 1). However, comparison of the
results between the saline and nicotine groups
revealed that bone neoformation was significantly
greater in the saline group in comparison to the
nicotine group (Table 1).

Fig 4 Nicotine group, 14 days. (a) Detail
of woven bone islets (white asterisk) near
the receptor bed (RB), the osteoblasts
(arrowhead), and the connective tissue
(black asterisk; Masson trichrome, magnifi-
cation �275). (b) Detail of the bed-graft
interface filled with poor collagen fibers,
fibroblast-like cells, connective tissue, and
bone neoformation (white asterisk) associ-
ated with bone splinters (S) and osteoblasts
(arrowhead; Masson trichrome, original
magnification �275).

Fig 5 Saline group, 28 days. (a) Intense
trabecular bone formation (white asterisk)
was observed, filling the bed-graft interface
and the external bony graft surface, which
was surrounded by a connective tissue simi-
lar to periosteum (arrow; H&E, magnifica-
tion �87). (b) Detail of bone formation con-
necting the bed and the lower surface of
the graft (white asterisk) and the intertra-
becular spaces, which were filled by a
myeloid tissue in early development (Mas-
son trichrome, original magnification
�275). 
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DISCUSSION

Jardini et al26 used male rats (250 to 300 g) to analyze
the biologic mechanisms and the timing sequence of
healing events of autogenous bone block grafts
obtained from the calvaria and affixed to the
mandible. Based on the same methodology, the aim
of this study was to perform qualitative and quanti-
tative analyses of the influence of nicotine on auto-
genous bone block grafts, emphasizing the timing
sequence of the initial (early) healing process and
the differences in the repair processes.

The method employed for bone block fixation
was the well-established protocol of Jardini et al.26 In
a rat model, a tight suture was used to stabilize the
bone block graft, avoiding micromovements and
thus allowing bony union. In a previous unpublished
pilot study, the use of screws for fixation of the bone
block graft was found to be impractical  because of
fracture of the recipient area due to the thinness of
the rat mandible.

The methodology used for autogenous bone
block grafting was chosen based on the successful
experimental model described by Jardini et al26 to
determine the early healing pattern of autogenous
bone block grafts and reproduced by De Marco et
al27 to study revascularization. The animal model
selected was found to be convenient in addition to
being well-established. At this time, to the authors’
knowledge, no studies have examined the healing
process of autogenous bone block grafts in rats sub-
mitted to systemic administration of nicotine.

The choice of graft type affected graft resorption.
Revascularization of cortical graft is slower than that of
cancellous bone and occurs through preexisting
havesian channels. The remodeling is also slow and
results in a blend of necrotic and newly formed bone.28

Experimental studies in animals have used nicotine
added to drinking water,15 nicotine patches and nasal
spray with nicotine,29 and mini-osmotic pumps.30 In
the present study, nicotine was administered via sub-
cutaneous injection, which produced serum levels
similar to those of human smokers who consume 10
to 20 cigarettes/d.31 However, comparisons with
humans should be made with caution because of dif-
ferences in the metabolism of nicotine between
humans and rats. Even though administration of nico-
tine may start immediately after surgical proce-
dures,32,33 it seemed clinically relevant to previously
expose an organism to the drug by beginning the
administration 4 weeks prior to surgical procedures.17

The 7-day results showed that in the saline group,
the graft was interspersed with a typical granulation
tissue, with a significant amount of fibroblast-like
cells and many blood vessels. In the nicotine group,
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Fig 6 Nicotine group, 28 days. (a)
Observe the trabecular bone formation and
external bony surface surrounded by con-
nective tissue (H&E, original magnification
�87). (b) Detail of the bone neoformation
(red asterisk) near the graft and recipient
bed and the connective tissue (yellow aster-
isk). 

Table 1 Mean ± SD Amount of Newly Formed
Bone as a Percentage of the Total Area of Interface 

Healing period

14 days 28 days

Group Mean SD Sig Mean SD Sig

Saline 51.31 8.31 aB 73.00 4.99 aA
Nicotine 23.75 6.18 bB 42.44 8.70 bA

Means ± SD followed by different letters (lower case letters in
columns and capital letters in lines) are significantly different (Tukey
test; P < .05).
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the graft was surrounded by an immature granula-
tion tissue associated with a net of fibrin. In addition,
the bed-graft interface presented a significant
amount of blood clot associated with a discrete
migration of fibroblast-like cells from the lateral bor-
ders. These initial findings are most likely explained
by the inhibitory effect of nicotine on the maturation
and proliferation capacity of erythrocytes. This effect
may be related to the enhanced combination of car-
bon monoxide with hemoglobin in the blood, also
caused by nicotine, which prevents the hemoglobin
from carrying adequate oxygen to the various
organs and tissues of the body.34 In addition, blood
flow diminishes as a function of the vasoconstrictive
properties of nicotine, as well as the stimulation of
sympathetic ganglia and the adrenal medulla, which
result in an increase of epinephrine and norepineph-
rine discharge.35 Nicotine can not only interfere with
the early revascularization, which is important in pro-
viding nutrition to the surviving cells, but also delay
the establishment of vessels within the bone graft,
reducing the area of revascularization.12

At 14 days, the histometric analyses indicated that
the newly formed bone area at the native bone-graft
interface was significantly greater in bone grafts for
the saline group compared with the nicotine group
(51.31% ± 8.31% versus 23.75% ± 6.18%, respec-
tively). This pattern could be also observed in the his-
tologic analyses, which depicted intense bone forma-
tion in the saline group in contrast to discrete
osteogenic activity in the nicotine group. The delay in
the timing sequence of healing events can be related
to the lack of osteoblastic activity, which led to
decreased bone formation.12–14,17,36,37 In addition, the
presence of connective tissue poor in collagen fibers
and fibroblast-like cells with nicotine exposure has
also been found in in vitro studies, which also
demonstrated decreased proliferation38–40 and cellu-
lar migration,38,39 together with the inhibition of
fibronectin and type I collagen production.40 The
presence of nicotine in the fibroblast’s intracellular
compartment is likely to disrupt normal cellular
metabolic processes and consequently impair the
reparative and regenerative potential of tissues.10,39

After 28 days, most of the specimens of the saline
group showed signs of incorporation, as revealed by
bone bridges connecting the receptor bed to the
lower surface of the graft. The process of incorpora-
tion is primarily a result of peripheral osteoclastic
resorption and vascular infiltration of Volkmann and
haversian channels.41 In contrast, in the nicotine
group, the interface was generally partially filled with
connective tissue, with some areas of newly formed
bone bridging the recipient bed to the graft. The his-
tometric results confirmed these findings, showing

significantly less bone formation in the nicotine
group compared with the saline group (42.44± 8.70
versus 73.00± 4.99).

In accordance with the literature, the results of the
present study showed a decrease in new bone appo-
sition and mineralization of the bone matrix37 and a
decrease in bone cell growth and differentiation.36,42

Some investigators32,43 have proposed the use of
nicotine patches because nicotine does not prevent
bone healing. However, this procedure should be con-
sidered with caution, because several studies show
that nicotine is able to influence bone heal-
ing.12,13,15,17,35 Recently, studies from the authors’ labo-
ratory showed that nicotine (not smoking) increased
periodontal bone loss in rats, regardless of plaque
infection.19 All of these findings underscore the
importance of abstaining from nicotine-containing
products prior to and following osseous procedures.

The limits of extrapolating the results of this study
to clinical situations should be considered. It could
be speculated that smokers and users of nicotine
patches should need a longer postoperative healing
period for the complete incorporation of bone graft.
However, further investigation is needed to clarify
the long-term consequences of nicotine on bone
graft healing, the effect of different doses of the
drug, and the behavior of the drug in different exper-
imental models.

CONCLUSION

In conclusion, nicotine did jeopardize the healing
process of autogenous bone block grafts in rats but
did not prevent bone healing.
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