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fered significantly between groups (p < 0.01), and a signifi-
cant negative correlation was found between cigarette con-
sumption and pulpal OP (r = –0.809, p < 0.01).  Conclusion:  
In this study, the OP decreased as the   number of cigarettes 
smoked increased. In clinical examination, there may be mis-
diagnosis of pulpal conditions in smokers (even in healthy 
pulp tissue) due to the effect of altered OP on pulpal tissue 
reactions.  © 2015 S. Karger AG, Basel 

 Introduction 

 Structural and functional modifications of the vascu-
lar system are among the principal impacts that smoking 
has on the body  [1] . The effects of smoking have been 
attributed to the impairment of certain immune re-
sponses and complexes such as impaired phagocytosis, 
chemotaxis of neutrophils, production of protease in-
hibitors and prostaglandin E 2  and generation of free 
radicals in healthy and diseased tissues  [2, 3] . Vascular 
changes, the increased permeability of the vascular tis-
sue wall and increased osmotic pressure (OP) are well-
defined processes of tissue inflammation that lead to an 
imbalance in tissue homeostasis  [4] . Smoking can alter 
the vascular structure and microvascular permeability 
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 Abstract 

  Objective:  We aimed to investigate the effect of smoking on 
the osmotic pressure (OP) of human dental pulp tissue.  Ma-

terials and Methods:  Sixty male dental patients (smokers 
and nonsmokers) scheduled for root canal treatment for 
prosthodontics were included in the study. Fifteen patients 
(1 premolar tooth/patient) were allocated to each of the fol-
lowing groups according to their smoking habits, i.e. group 
1:  ≤ 10 cigarettes/day, group 2: 11–20 cigarettes/day, group 
3: >20 cigarettes/day and group 4: nonsmoking controls. 
Apical pulp tissues were removed via coronal access. Pulp 
tissue supernatants were obtained to measure the pulpal OP 
by means of a semimicro digital osmometer. One-way analy-
sis of variance and the post hoc Duncan test were used to 
analyze the differences in OP between groups. Regression 
analysis was used to determine the relationship between the 
number of cigarettes smoked daily and the pulpal OP.  Re-

sults:  The mean (± SD) OP value decreased as cigarette con-
sumption increased: group 4 (268.00 ± 10.09 mosm/kg) > 
group 1 (259.20 ± 7.16 mosm/kg) > group 2 (248.90 ± 2.23 
mosm/kg) > group 3 (239.90 ± 7.40 mosm/kg). The OP dif-
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 [5–7]  and also cause vasoconstriction  [7] . The constric-
tion of vessels supplying blood to the tissues causes a 
reduction in blood flow  [8] .   Hence, smoking may alter 
the fluid dynamics of any healthy tissue, potentially 
leading to altered physiological processes that may cause 
inflammatory responses and/or pain mediation in the 
tissues.

  OP is an important component of the Starling forces 
 [9]  and determines the rate and volume of fluid flowing 
from the vessels into the interstitium  [10] . Under ordi-
nary conditions, tissues exhibit a positive capillary filtra-
tion pressure leading to the filtration of fluid from the 
vessels into the interstitium  [4, 9] . Pulpal OP results from 
hydrostatic pressure in the interstitial fluid surrounding 
the pulp cells and is affected by blood flow, blood pressure 
and interstitial volume  [10] . Altered pulpal OP may cause 
a different tissue response (and therefore altered clinical 
signs) in pulp following even small fluid alterations. Cur-
rently, sufficient data on the fluid dynamics of healthy 
pulp tissue are not available and the effects of systemic 
situations, e.g. smoking, on pulpal fluid dynamics, have 
not yet been determined.

  To date, no study has investigated the impact of smok-
ing on pulpal OP reflecting the pulpal tissue response in 
smokers. Thus, the aim of this study was to investigate OP 
alterations in the dental pulp tissue of smokers with no 
systemic conditions.

  Materials and Methods 

 Study Group Characterization 
 This study was performed at the Departments of Endodontics 

and Periodontology in the Ondokuz Mayis University Dental 
Faculty, Samsun, Turkey. The study was approved by the Human 
Ethical Committee of the university, and informed consent was 
obtained from the participants. The study protocol was carried 
out according to the Helsinki Declaration of 1975 as revised in 
2002. Sixty men (smokers and nonsmokers with an age range of 
30–45 years) undergoing root canal treatment on premolar teeth 
for prosthodontic reasons were enrolled in the study. A smoking 
status of 5-year duration was considered and the patients were 
allocated according to their smoking habits to constitute the 
study groups, i.e. group 1:  ≤ 10 cigarettes/day, group 2: 11–20 
cigarettes/day, group 3: >20 cigarettes/day and group 4: patients 
who had never smoked formed the negative control group. The 
sample was sized for 5% significance and 90% power levels. In-
clusion criteria were an age of least 30 years and healthy pulp in 
the premolars. Exclusion criteria were dental and/or periodontal 
problems and systemic problems and regular or current chemo-
therapeutic regimens (within 10 days prior to data collection). 
The clinical examination to determine periodontal status includ-
ed: (1) the Silness-Löe plaque index  [11] , (2) the Löe-Silness gin-
gival index  [12] , (3) the probing pocket depth and (4) the clinical 

attachment level with a radiographical evaluation of alveolar 
bone loss. Each status was measured at 6 sites (mesio-, mid- and 
disto- of both the buccal/labial and palatal/lingual surfaces) per 
tooth using a Williams periodontal probe. Patients with  ≤ 1 on 
the Löe-Silness gingival index, <1 on the the Silness-Löe plaque 
index, a probing pocket depth of <3 mm and a clinical attach-
ment level without radiographical evidence of alveolar bone loss 
in the entire mouth were regarded as periodontally healthy. The 
clinical diagnosis of pulpal health included: (1) no dental cavita-
tion or caries, (2) a positive vitality test, (3) no pain history or 
sensitivity on palpation, (4) no sensitivity on horizontal and ver-
tical percussions, (5) no crown or root resorptions on radiogra-
phy, (6) no tooth apex alterations on radiography and (7) no 
widened periodontal spaces and a lamina dura that was intact on 
radiography. Pulpal tissues were harvested and OP levels were 
measured.

  Pulp Tissue Sampling 
 Following administration of local anesthesia (2% lidocaine 

with adrenaline 1:   80,000), each tooth was isolated with a rubber 
dam. A standard coronal access opening was prepared using a ster-
ile tungsten carbide round bur in a high-speed handpiece with a 
constant water spray. Pulp tissue was then removed with a sterile 
barbed broach. All samples were immediately placed in Eppendorf 
tubes filled with 1.5 ml of 0.25  M  sucrose and stored at –80   °   C until 
laboratory procedures were conducted. The samples were collect-
ed by a single blinded investigator (E.K.).

  Tissue Preparation and OP Measurement 
 Pulp samples were processed to obtain tissue supernatants by 

homogenizing (four 30-second iterations at 20,500 rpm), freeze-
thawing, ultrasonicating (four 30-second iterations at 5 μm) and 
ultracentrifuging (20 min at 17,000 rpm). Pulpal OP was mea-
sured in these supernatants by a method described elsewhere  [6] . 
We used a semimicro digital osmometer (Digital Automatic Os-
mometer,   Knauer-ASI, Berlin, Germany) which involves a sensi-
tive and practical measurement technique in intraoral tissues, 
even with small fluid samples  [13, 14] . Before measurement, 0.15 
ml of supernatant was placed in a clean, dry measuring vessel us-
ing a clean, dry pipette and placed into the adaptor of the osmom-
eter. The measuring head was placed in the cooling cavity of the 
system and the OP was measured in mosm/kg by cooling and 
crystallization in the first step and warming to 20   °   C in the final 
step. A single blinded investigator (Y.Y.M.) conducted all proce-
dures.

 Table 1.  Periodontal status of the study groups

PI GI PPD, mm CAL, mm

Group 1 0.3 (0 – 2) 0 (0 – 2) 1.74 (1 – 4) 1.74 (1 – 4)
Group 2 0.5 (0 – 1.2) 0 (0 – 2) 1.83 (1 – 3) 1.83 (1 – 3)
Group 3 0.3 (0 – 2) 0 (0 – 2) 1.66 (1 – 2) 1.66 (1 – 2)

Values are given as a median (range). CAL = Clinical attach-
ment level; GI = Löe-Silness gingival index; PI = Silness-Löe plaque 
index; PPD = probing pocket depth.
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  Statistical Analysis 
 One-way analysis of variance (ANOVA) and the post hoc Dun-

can test were utilized to analyze differences between groups in 
terms of OP. The relationship between cigarette consumption and 
pulpal OP was determined using regression analysis. Statistical 
analyses were performed using SPSS v17.0 (SPSS Inc., Chicago, Ill., 
USA).

  Results 

 The mean age of the patients was 36.82 ± 4.54 years. 
The sample size was set at 15 in each group. Demograph-
ic data are given in  table 1 . No statistical difference was 
found in the periodontal status of the 4 groups (p > 0.05), 
and the ANOVA and post hoc Duncan tests showed no 
statistical differences in age (p > 0.05). There was also no 
correlation between age and OP (r = –0.195, p > 0.05). On 
the other hand, the difference in OP across groups was 
statistically significant (p   <0.0001), in a decreasing order 
of 268.00 ± 10.09 mosm/kg in group 4, 259.20 ± 7.16 
mosm/kg in group 1, 248.90 ± 2.23 mosm/kg in group 2 
and 239.90 ± 7.40 mosm/kg in group 3 ( table 2 ). In addi-
tion, a strong and significant negative correlation was 
found between cigarette consumption and OP (p < 0.01, 
r = –0.809;  fig. 1 ), indicating that the amount of smoking 
was negatively correlated to OP.

  Discussion 

 This study demonstrated that the mean pulpal OP was 
significantly higher in nonsmokers than in smokers. The 
OP in pulp tissue decreased as the severity of smoking 
increased. Apparently, a decrease in OP can lead to a de-
creased blood flow to the pulp, as shown previously in 
other conditions  [15–17] . In the fingers of smokers, a 
smoking-induced reduction in skin blood flow was de-

tected that caused vasoconstriction  [16] . It has also been 
reported that smoking causes a reduction in the gingival 
blood flow  [17] . The effect of smoking on blood flow in 
the dental pulp by measuring the OP in the tissue has not 
been studied before. However, earlier studies have exam-
ined the effects of nicotine on blood flow to other tissues. 
Our findings are parallel to these studies in reporting a 
decreased blood flow in the tissues in smokers.

  It has been reported that blood flow in the dental pulp 
is regulated by neuronal, local and humoral mechanisms 
 [18]  but that the effect of systemic blood pressure on 
pulpal blood flow is more prominent than that of local 
mechanisms  [19] . However, smoking may have both lo-
cal and systemic effects on pulpal blood flow. When to-
bacco smoke comes into direct contact with the oral tis-
sues, it delivers an array of chemical pollutants into the 
buccal cavity, such as nicotine, carbon monoxide and 
hydrogen cyanide  [20] . Locally, smoking has a vasocon-
strictive effect on the vessels, resulting in reduced blood 

 OP, mosm/kg

 n mean ± SD range p value

Group 1 (≤10 cigarettes/day) 15 259.20 ± 7.16b 249.00 – 271.00

<0.0001Group 2 (11 – 20 cigarettes/day) 15 248.90 ± 2.23c 245.00 – 252.00
Group 3 (>20 cigarettes/day) 15 239.90 ± 7.40d 228.00 – 249.00
Group 4 (nonsmoking controls) 15 268.00 ± 10.09a 254.00 – 286.00

 There were 60 patients divided into 4 groups of 15 each.
a–d Statistically significant differences (p < 0.0001) between the groups: group 4 >

group 1 > group 2 > group 3.
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  Fig. 1.  Correlation between cigarette consumption and pulpal OP. 

 Table 2.  Descriptive and comparative 
statistics of OP among the groups
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flow in the tissue. Nicotine causes the release of cate-
cholamines (adrenaline, noreadrenaline and isoprena-
line) via stimulation of the sympathetic ganglion, adre-
nal medulla and sympathetic nerve endings. In general, 
nicotine administration is thought to exhibit a periph-
eral vasoconstrictive action  [7] . In a previous study, it 
was reported that the constriction of vessels that supply 
blood to the tissue caused a reduction in blood flow with 
2 weeks of nicotine treatment  [8] . In addition, a prelim-
inary study found that one of the neuropeptides, calci-
tonin gene-releated peptide (CGRP), affects pulpal 
blood flow and pulpal inflammation, which was signifi-
cantly higher in the pulp of smokers than nonsmokers 
 [21] . These findings indicate that smoking causes de-
generative changes in the systemic circulation and the 
autonomic nervous system, which may lead to changes 
in homeostasis in the dental pulp and affect the normal 
functioning of pulpal tissue.

  We should note that, other factors, such as the anes-
thetic used, age, sex and postural changes, can all affect 
pulpal blood flow. In our study, pulpal tissue was taken 
from human premolars of patients anesthetized with 2% 
lidocaine and adrenaline 1:   80,000. It indicated that it 
was possible that the low pulpal OP in the smoker groups 
could be attributed to the vasoconstriction of pulpal tis-
sue not only because of the local effect of adrenaline, but 
also because of the systemic effect of nicotine stimulat-
ing the release of adrenaline, as has been reported previ-
ously  [7, 22] . However, in our study, factors such as the 
anesthetic used, age, and sex were fixed and consistent 
in all groups. The systemic and local effects of the anes-
thetic were the same for all groups, so the changes in the 
OP were most likely related to cigarette consumption. 
Our study also supports the findings of a recent study 
suggesting that the autonomic nervous system plays a 
role in the regulation of blood flow in human dental 
pulp via postural changes  [23] . It was shown that pulp 
blood pressure will change according to the heart rate 
and systemic circulation and advised that systemic dis-
eases result in degenerative changes in pulpal condi-
tions.

  The vascular response of dental pulp plays an essen-
tial role in mediating dental pain and other inflamma-
tory responses. Vasoconstriction and decreased blood 
flow  [24]  may also alter pain sensation in a tooth and the 
sensibility of the pulpal myelinated fibers. OP collective-
ly interacts with vascular permeability and blood flow in 
this process, so a decrease in pulpal OP may also affect 
the development and severity of dental pain  [22] . Nico-
tine creates vasoconstriction and ischemia in any healthy 

tissue. Under ischemic conditions, the normal clearance 
effect of blood flowing through the tissue is also reduced, 
possibly endangering the viability of the pulp, with ear-
ly signs of inflammation  [25] . Similarly, the effects of 
smoking on periodontal tissue can make it more diffi-
cult to detect the early stages of disease  [3] . It has been 
reported that the perception of sharp pain is reduced 
when ischemia is created in healthy pulp  [26] . A previ-
ous study found that when the volume of blood flow was 
reduced, vessels were likely to show signs of vascular 
dysfunction, restricting the supply of nutrients and im-
peding cellular repair. The authors suggested that smok-
ing may be a factor that contributes to early tissue death 
within the pulp cavity  [27] . Thus, smokers may display 
unusual clinical symptoms and signs compared to non-
smokers due to altered dental pain and inflammatory 
conditions.

  A limitation of our study is that we only measured OP 
for the evaluation of the effects of smoking on the fluid 
dynamics of dental pulp tissue. Further studies are re-
quired to reveal the effects of smoking on other parame-
ters together with the OP.

  Conclusion 

 In dental pulp tissue, the OP decreased as the   number 
of cigarettes smoked increased. This result may indirectly 
affect various pulpal reactions and inflammatory re-
sponses in smokers. Thus, clinical examination may lead 
to the misdiagnosis of pulpal conditions in smokers, even 
in healthy pulp tissue, due to the effect of altered the OP 
on pulpal tissue reactions.
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