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The influence of cigarette smoke inhalation on bone density. 
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ABSTRACT: The aim of this study was to evaluate the influence of cigarette smoke inhalation (CSI) and its ces-
sation on tibiae bone quality. Forty-one male Wistar rats were randomly assigned to one of the following groups: 
Group 1 – control (n = 14), Group 2 – 3 months of CSI and 2 months without exposure to CSI (n = 12), and 
Group 3 – 5 months of CSI (n = 15). At the end of the experimental period, the animals were sacrificed, the tibiae 
removed and immediately radiographed for photodensitometric analysis. The results showed that continuous ex-
posure to cigarette smoke promoted a significantly reduced bone density (p < 0.05) (3.22 mm Al eq ± 0.58; 2.93 
mm Al eq ± 0.45; 1.86 mm Al eq ± 0.35; for groups 1, 2 and 3, respectively). Similar levels of bone density were 
observed for the control and cessation groups (groups 1 and 2 - p > 0.05). Thus, within the limits of the present 
study, it can be concluded that CSI may affect tibiae bone quality, and CSI cessation results in a return towards 
the level of the control group.
DESCRIPTORS: Smoking; Bone density; Rats, Wistar.

RESUMO: O objetivo deste estudo foi avaliar a influência da inalação da fumaça de cigarro (IFC) e o efeito de sua 
interrupção na qualidade óssea da tíbia. Quarenta e um ratos Wistar machos foram aleatoriamente designados a 
um dos seguintes grupos: Grupo 1 – controle (n = 14), Grupo 2 – 3 meses de IFC e 2 meses sem exposição à fuma-
ça (n = 12) e Grupo 3 – 5 meses de IFC (n = 15). Ao final do período experimental, os animais foram sacrificados, as 
tíbias removidas e imediatamente radiografadas para a análise fotodensitométrica. Os resultados mostraram que 
a exposição contínua à fumaça de cigarro promoveu uma significante redução na densidade óssea (p < 0,05) (3,22 
mm Al eq ± 0,58, 2,93 mm Al eq ± 0,45, 1,86 mm Al eq ± 0,35, para os grupos 1, 2 e 3, respectivamente). Níveis 
semelhantes de densidade óssea foram observados nos grupos controle e interrupção (grupos 1 e 2 - p > 0,05). 
Portanto, dentro dos limites do presente estudo, pode-se concluir que a IFC pode influenciar a qualidade óssea 
da tíbia e que a interrupção da inalação parece reverter esse efeito negativo resultando numa densidade óssea 
semelhante à do grupo controle.
DESCRITORES: Tabagismo; Densidade óssea; Ratos Wistar.

INTRODUCTION

Over the past 20 years, endosseous titanium 
implants have proven to be amongst the most pre-
dictable treatments in oral health care. Quality 
of life assessments show implant-retained pros-
thesis to be a highly satisfactory method of tooth 
replacement1,18. However, some systemic condi-
tions have been correlated with higher rates of 
failure8. Among these conditions, smoking is one 
of the factors most discussed in relation to implant 
failure3,4,6,8,18.

Studies have provided evidence that the im-
pact of tobacco smoking on tissues may be revers-
ible. Liede et al.17 (1999) observed that periodontal 
status and mucosal health were better in indi-
viduals who had quit smoking when compared 
with current smokers. Gingival microcirculation 
has also been shown to recover its normal func-
tion on the early stages of smoking cessation19, 
and the changes in the inflammatory response 
of the periodontium can also be reversible upon 
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quitting smoking20. Bain, Moy4 (1994) clinically 
examined the influence of smoking cessation on 
implant outcome, and did not find differences in 
the failure rate between non-smoking controls and 
the smokers who had quit.

The reason of a higher rate of implant failure 
among smokers is not fully elucidated. One pos-
sibility may be the harmful effect of smoking on 
bone density, since poor bone quality is a factor 
related to implant failure12. A clinical study has 
already suggested that a higher incidence of poor 
bone quality is observed in smokers4. Although 
most of the animal studies conducted have not re-
ported a correlation between nicotine administra-
tion and lower bone density2,9,24,25, nicotine is just 
one of the potentially toxic compounds of cigarette 
smoke. Still, the number of studies evaluating the 
effect of cigarette smoke as a whole and smoking 
cessation on bone is limited. Thus, based on the 
clinical relevance of this subject, and on the limited 
number of studies available, this study is proposed 
to investigate the influence of cigarette smoke in-
halation and its cessation on bone density.

MATERIALS AND METHODS
Animals

Forty-one male Wistar rats (300-400 g) were 
used. The animals were kept in plastic cages with 
food and water ad libitum. The protocol was ap-
proved by the State University of Campinas Insti-
tutional Animal Care and Use Committee.

Experimental design
The animals were randomly assigned to one of 

the following groups: Group 1 – control: animals 

that were not exposed to cigarette smoke inhalation 
(CSI) at any time during the experimental period 
(n = 14), Group 2 – 3 months of CSI followed by 2 
months without exposure (n = 12) and Group 3 – 
CSI during 5 months (n = 15) (Figure 1).

The animals of groups 2 and 3 were intermit-
tently housed in an animal cigarette smoke expo-
sure chamber as previously described6,21,22. Briefly, 
the device consisted of a 45 x 25 x 20 cm3 clear 
acrylic chamber, an air-pump and two inflow/out-
flow tubes. Five animals were housed in the cham-
ber at the same time, and the cigarette smoke of 10 
cigarettes, containing 1.3 mg of nicotine, 16.5 mg 
of tar, and 15.2 mg of carbon monoxide each, was 
pumped into the chamber. Thus, the animals were 
exposed to cigarette smoke that contaminated the 
air for 8 minutes, 3 times daily until they were sac-
rificed. The animals of group 1 were not exposed 
to cigarette smoke at any time. The serum levels of 
nicotine and cotinine obtained by using this model 
have been previously reported6.

Radiographic analysis
Immediately after the sacrifice, the tibiae of the 

animals were removed and radiographed using an 
X-ray unit (GE 1000, General Electric Company, 
Milwaukee, Wisconsin, USA) with an exposure time 
of 0.3 seconds (60 kVp, 10 mA) and 31 x 41 mm 
radiographic film (Insight Film, Eastman Kodak, 
Rochester, NY, USA). A reference radiograph of an 
aluminum step-wedge (Nuclear Associates, Carle 
Place, NY, USA) was also taken using the same 
apparatus and exposure time. The films were de-
veloped in an automatic processing machine (Gen-
dex GXP Dental X-Ray Processor, Des Plaines, IL, 
USA). The total length of the tibiae was measured 

FIGURE 1 - Schematic 
illustration of the ex-
perimental design.
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and the mean point was determined as a refer-
ence for photodensitometric analysis (MRA Equi-
pamentos Eletrônicos, Ribeirão Preto, SP, Brazil). A 
blinded examiner performed five measurements, in 
order to scan the bone area between the 2 corticals 
at the level of the previously determined reference 
point. Figure 2 illustrates the analyzed area. The 
measurement of bone density was compared with 
the step-wedge standard to compensate for pro-
cessing variations and to provide a unit for quan-
tifying bone density, which was expressed in mil-
limeters of aluminum equivalence (mm Al eq).

Statistical analysis
Mean values of radiographic optical density 

were determined for each group and compared 
statistically using one-way analysis of variance 
(ANOVA) (α = 0.05). Pairwise multiple comparisons 
were carried out by the Tukey’s test (α = 0.05) in 
case the ANOVA test showed significant differ-
ences.

RESULTS

The results showed that continuous exposure 
to cigarette smoke (group 3) promoted a signifi-
cantly reduced bone density (p < 0.05) when com-
pared to control and cessation groups (1 and 2, 
respectively) (3.22 mm Al eq ± 0.58; 2.93 mm Al 
eq ± 0.45; 1.86 mm Al eq ± 0.35; for groups 1, 2 
and 3, respectively). Similar levels of bone density 
were observed for cessation and control groups 
(p > 0.05). Graph 1 illustrates the results de-
scribed above.

DISCUSSION

The mechanism by which smoking influences 
the success rate of titanium implants is still un-

clear. The hypothesis that cigarette smoke inhala-
tion would have an influence on the degree of bone-
to-implant contact and bone filling of the implant 
threads (parameters evaluated in newly formed 
bone) was tested in a series of studies of our labo-
ratory6,21,22. In general, these studies concluded 
that CSI has a negative impact on both parameters 
related to the newly formed bone around implants 
and nicotine seems to partially contribute to such 
an effect. Interestingly, a decreased proportion of 
mineralized tissue in the pre-existing bone adja-
cent to the implant in the animals submitted to 
CSI was also observed6. This result has brought 
up the question about a possible effect of CSI on 
pre-existing bone. Thus, the present investigation 
was designed to better elucidate this hypothesis, 
since, in previous studies, it was not possible to ex-
clude an influence of the healing process adjacent 
to the pre-existing bone. The result of this study 
showed that CSI significantly reduced bone density 
and is in agreement with our previous results6,21,22 
confirming the hypothesis that CSI affects bone 
metabolism not only in healing areas but also in 
areas of pre-existing bone.

Within the limits of our knowledge, this is the 
first study that investigated in an animal model the 
influence of CSI on bone quality of an area not ad-
jacent to titanium implants. Despite smoking being 
considered one of the main risk factors to osteo-
porosis, most of the animal studies yet conducted 
have not reported a correlation between nicotine 
(one of the main compounds of cigarette smoke) 
administration and lower bone density2,9,24,25. A 
previous study of ours also reported that nicotine 

FIGURE 2 - Radiographic image illustrating the tibiae 
area where photodensitometric measurements were 
performed.

GRAPH 1 - Mean and standard deviation of tibiae bone 
density, expressed in millimeters of aluminum equiva-
lence (mm Al eq), according to each group.
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did not present a negative impact on bone healing 
around implants inserted in tibiae of rabbits24. On 
the other hand, the result of the present study 
showed that cigarette smoke, as a whole, presented 
a negative impact on bone quality and is in line 
with the hypothesis suggested by Akhter et al.2 
(2003), that tobacco agents other than nicotine 
are responsible for the decreased bone density and 
increased fracture risk observed in smokers.

One of the most widely employed techniques to 
assess bone density in humans is dual energy X-
ray absormetry (DEXA). However, DEXA technique 
in the mandible is difficult and expensive, and it 
can only be used in edentulous areas14. Photoden-
sitometry of periapical and panoramic radiographs 
has been utilized to estimate mandibular bone 
mass14,15,16. A significant correlation between skel-
etal bone mineral density and alveolar bone mass, 
determined by a photodensitometer, has been re-
ported11,14,16. Photodensitometric measurements 
were also used to compare mandibular bone differ-
ences between normal and osteoporotic women15. A 
recent study reported that the sensitivity of DEXA 
measurements is unsuitable when assessing small 
bone samples in mice7. Therefore, based on this 
body of evidence, the use of a photodensitometer 
to assess bone mass may be considered a suitable 
method to evaluate bone changes in areas where 
DEXA is not indicated, like bone samples of small 
animals.

The reversibility of the effects of cigarette con-
sumption has been studied in both medicine and 
dentistry. A meta-analysis study demonstrated 
that current smokers presented a significantly re-
duced bone mass when compared to former and 
never smokers27 and that former smokers pre-
sented bone mass that is intermediate or similar 
to that of never smokers10,27. They additionally re-
ported that smoking has a dose-dependent effect 
on bone loss, which increases fracture risk, and 
that smoking cessation may present a beneficial 
effect27. The reversibility of smoking effects has 
also been investigated in dentistry. In vitro stud-
ies observed a reversible condition promoted by 
cigarette compounds (i.e. nicotine, acrolein and 
acetaldehyde) on periodontal cells5,23. Smoking 
cessation also exerted a beneficial effect on peri-
odontal risk, which decreased with the number of 
years since quitting26. A prospective study over 20 
years showed that patients who stopped smoking 
lost significantly less marginal bone than current 
smokers13. In the implant field, very limited infor-
mation is available with respect to the reversibility 
of the effects of smoking on implant outcome. Bain, 
Moy4 (1994) were the first to report that a smoking 

cessation protocol would improve the success rates 
of osseointegration in smokers who followed it. The 
results of the present investigation are in agree-
ment with the studies that showed a reversible 
condition promoted by cigarette consumption, and 
support the clinical concept that the effect of ciga-
rette consumption on bone may be reversible.

During the early time of implant procedure de-
velopment, implant failure was generally attributed 
to poor surgical technique (infection, overheating 
of bone and over-instrumentation), poor prosthetic 
design or management, or patient-related factors 
(limited available bone, poor oral hygiene and oc-
clusal overload). These findings were largely based 
on clinical observation, extrapolation from failures 
in tooth-supported prostheses and dogma. But 
some studies began to correlate systemic condi-
tions with higher rates of failure3,4,6,8,18. Now, smok-
ing has been one of the factors often discussed 
in relation to decreased success rates of dental 
implants. Our findings suggest that smoking may 
affect bone quality, and that smoking cessation 
may revert the tobacco harmful effect on bone. 
However, it is not possible to establish a direct 
correlation between animal findings and a clinical 
situation, due to the differences between humans 
and rats and the frequency of smoke administra-
tion used in this study. Accordingly, the hypoth-
esis generated by the present study should be 
clinically evaluated since bone quality is critical 
for implant success12. Once the clinical relevance 
of the present hypothesis is confirmed, recommen-
dations regarding smoking cessation should be 
considered to form part of the implant patient ap-
proach. Further studies should still be performed 
in order to determine the time necessary for bone 
density to recover its normal level after smoking 
cessation.

CONCLUSION

Within the limits of the present study, it can 
be concluded that smoking may affect tibiae bone 
density, and CSI cessation exerts a beneficial effect 
on bone quality promoting a return towards the 
level of the control group.
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