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VERTICAL RADIOGRAPHIC ALVEOLAR BONE LOSS IN SMOKERS
AND NON-SMOKERS WITH PERIODONTITIS: A PILOT STUDY
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ABSTRACT

Smoking is considered a potential risk factor for the prevalence and severity of vertical alveolar
bone loss. An increased occurrence of vertical bone defects has been observed in cigarette smokers as
compared to non-smokers. A study was undertaken to compare vertical interproximal alveolar bony
deffects in smokers and non-smokers with chronic periodontal disease.

A convenient sample of 60 orthopantomographic records of patients with chronic periodontal dis-
ease was selected. 30 patients were smokers and 30 were non-smokers. Bone height measurements
were made utilizing extraoral digital panoramic radiographs obtained from patients’ digital records.
The prevalence and severity of vertical bone loss were determined in smoker patients and compared
to non-smokers. Any associations with particular groups of teeth and smoking were investigated, as
well as any related gender differences.

A greater mean millimeter vertical bone loss was observed in smokers as compared to non-smokers
(1.112+0.784 mmuvs. 0.935+0.887 mm,), however this finding was not statistically significant (p=0.418).
An increased prevalence of vertical bone loss was found in smokers as compared to non-smokers
(10.06% vs. 8.76% respectively). Premolar groups of teeth and specifically maxillary premolars were
significantly more affected (1.416+1.234 mm; p=0.030; 1.619+1.816 mm; p=0.002 respectively). No
significant gender-wise differences of mean millimeter vertical bone loss were found between the dif-
ferent groups of teeth in smokers as compared to non-smokers.

The present study supports the role of smoking to be considered as a risk factor for the development
of vertical alveolar bone defects. Smokers presented with more severe vertical radiographic alveolar
boneloss ascompared tonon-smokers, including maxillary premolars being significantly more affected.
Further studies are suggested including comparisons between various radiographic techniques (FMX,
OPG, CBCT) in the detection of alveolar bone loss.
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INTRODUCTION

Cigarette smoking is associated with bone loss
in chronic periodontal disease ? and is considered a
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true risk factor for periodontitis.? The relative risk of
increased periodontal disease increases with height-
ened exposure to cigarette smoking in a dose-response
relationship.#®® Greater alveolar bone and clinical
attachment loss, a higher percentage of tooth mobility
and furcation lesions are associated with smoking.”%°
Periodontal bone loss and tooth loss in smokers can be
12.1% in those aged 20 to 40 years and exceed 55% in
those between the ages of 50 and 70 years.'* A recent
study in Riyadh, Saudi Arabia, found men who were
cigarette smokers to have more missing teeth and
a poorer periodontal condition than non-smokers.!!
Chronic smokingin the long-terminduces an increased
rate of alveolar bone height reduction and cessation of
smoking can reverse the rate of reduction towards that
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whichisobserved in non-smokers.'2!? Even with alower
usage of tobacco in younger populations, smoking is
considered as a potential risk factor for alveolar bone
loss.

Vertical interproximal bone loss is a pattern of bone
destruction present in chronic periodontal disease.’®
Smoking has a destructive effect on periodontal bone
height,including both horizontal and vertical patterns.'?
An increased occurrence of vertical bone defects has
been observed in cigarette smokers as compared to
non-smokers.’ Smoking is considered a potential risk
factor for the prevalence and severity of vertical alveolar
bone loss, whereby the estimated developmental risk
for such lesions may be two- to three-fold elevated in
current smokers.!5 A prospective longitudinal study in
Sweden over a period of 10 years, showed a significant
increasein the severity of vertical bone loss in smokers,
as compared to non-smokers. This study showed that
the effects of heavy smoking exposure over a 10-year
period can increase the risk for vertical bone loss by
five to six times as compared with non-smokers.! A
study in Jeddah, Saudi Arabia, found the estimated
risk for bone loss of 30% or more of the root length to
be 4.3-fold elevated in cigarette smokers as compared
with non-smokers.b

Alveolar vertical defects may be localized within
specific segments of the dentition. The majority of such
defects have been observed in posterior segments of the
dentition.!” Other studies have described more bone loss
involving the lingual aspects of maxillary molars and
mandibular incisors.”*® A Brazilian population study
also showed that the group of incisal teeth in smokers
were significantly more affected than in non-smokers.8

Radiographic parameters of periodontal status such
asmarginal bone loss and numbers of missing teeth are
higher in cigarette smokers as compared to non-smok-
ers.!! The usage of digital panoramic radiographs has
been proven to be effective in determining the prev-
alence of intrabony defects in both the mandible and
maxilla.!®? It is a rapid and relatively less expensive
method, and has alower radiation dose when compared
to a full mouth set of periapical radiographs.!®

Accordingto Baljoon et al (2004)'* only a few studies
have been done on the association between smoking
and the severity of vertical alveolar bone defects. Also,
up to date, no such study has been undertaken in the
Eastern province of Saudi Arabia. A pilot study was thus
undertaken utilizing a convenient sample of patients’
records attending the Dental College Teaching Hospital
at the Imam Abdulrahman Bin Faisal University, in
the Eastern Province of Saudi Arabia.

MATERIALS AND METHODS

A cross-sectional retrospective study on a convenient

sample of 60 orthopantomographic records of patients
with chronic periodontal disease was done. Records were
conveniently selected of patients attending the Dental
College Teaching Hospital at the Imam Abdulrahman
bin Faisal University, in the Eastern Province of Saudi
Arabia. Data was collected from patients’ charts from
the previous 2 years. Of the above 60 patients, 30 were
smokers with a history of smoking of more than 2 years,
including having smoked > 10 cigarettes per day,?? and
30 were non-smokers with a history ofnever had smoked
before. Patients had to be older than 21 years, so as to
avoid the effects of bone development, and under 50
years old to avoid the effects of menopause.

Other exclusion criteria for patients, which were
confirmed from patients’ records, were the following:
lactating and/or pregnant females, history of bone
metabolism disease, active osteoporosis treatment,
history of radiotherapy, diabetes mellitus, AIDS,
epilepsy, cardiovascular, renal and hepatic disorders,
crowded teeth, occlusal trauma, tobacco chewers, usage
of antibiotics, non-steroidal anti-inflammatory drugs
and/or steroids within the past 6 months, and patients
who have undergone periodontal treatment within the
past 6 months.

Three blinded examiners performed the measure-
ments with reference to the smoking status of the
patient. These patients were afterwards separatedinto
smoking and non-smoking groups.

Patients had to have at least 20 teeth present,
and the radiographic data was obtained from patients’
digital records utilizing extraoral digital panoramic
radiographs (Gendex Orthoralix 9200 DDE, Geor-
gia-USA). Bone height measurements were made from
the radiographs using the MiPACS Dental Enterprise
Viewer Program (Medicor Imaging, Charlotte-USA).

To determine the severity of vertical alveolar bone
loss, the vertical distance from 2mm below the cemen-
toenameljunction (CEdJ)to the alveolar bone crest (ABC)
was measured on the proximal surfaces of all teeth.!!
The most coronal point of the alveolar bone adjacent to
the proximal surface including a periodontal ligament
space showing a normal radiographic width, was con-
sidered as the ABC.? The height of the interproximal
alveolar bone was measured mesially and/or distally,
as applicable, to each tooth surface. All teeth were
assessed, except third molars. In cases where either
the dental or bony landmarks could not be identified
on either mesial or distal aspects, the tooth was then
excluded from the study. A tooth was also considered
as non-measurable if the CEJ or the ABC could not
be properly identified due to overlapping, caries or
restorations.

Inter-examiner reliability with respect to vertical
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bone defect measurements was estimated using 10%
of the total sample size, utilizing the weighted Co-
hen’s kappa [ statistic. The inter-examiner reliability
was [ = 0.83. The correlation coefficient was r = 0.998
(p<0.001). It was concluded that errors related to the
variability of inter-examiner assessments did not af-
fect the outcome. Intra-observer reproducibility to test
error of measurement regarding the precision of the
bone height measurement procedure was performed for
each of the three investigators by means of replicating
measurements from 5% of the total sample size at the
beginning and at the end of the assessment period. The
reproducibility with regards to the mean bone height
per patient was expressed as the precision (s), i.e. the
standard deviation of a single measurement. The esti-
mates of precision for the three investigators were s, =
1.04,s,=0.87 and s, = 0.87 respectively. The influence
on the observer variation of mean vertical bone defects
was therefore regarded as being minimal.

Statistical analysis was performed using SPSS-20.0
(IBM product, Chicago-USA). Numerical data were
explored for normality by checking the distribution of
data and using tests of normality (Kolmogorov-Smirnov
test). The tests revealed a normal distribution, pre-
sented as Mean + Standard Deviation. The unpaired
t-test was applied to compare the mean vertical alveolar
bone loss between smokers versus non-smokers. The
non-parametric Wilcoxon Mann-Whitney U test was
applied to compare the mean vertical alveolar bone
loss in relation to groups of teeth between smokers
and non-smokers. The Wilcoxon Mann Whitney U
test for non-Gaussian unbalance group distribution
for comparison of genders at 5% level of significance
was applied to determine gender-wise differences of
mean millimeter vertical bone loss in groups of teeth
between smokers and non-smokers. A p-value <0.05
was considered to be a statistically significant result.

RESULTS

Among 60 patients, there were 30 smokers and 30
non-smokers. Of these 31 (51.7%) were males and 29
(48.3%) were females, with almost a 1:1 male to female
ratio. The mean age was 41.85+7.38 (ranging from 23
to 50) years. A total of 3 patients from both smoker and
non-smoker groups presented with no vertical alveolar
bone loss (Table 1).

From a potential total of 2280 surfaces, those tooth
surfaces which included the nonidentification of either
bony or dental landmarks, as well as the CEJ or ABC,
were not included. Therefore, a total of 565 surfaces
were studied which presented with vertical alveolar
bone loss. This comprised 302 surfaces in smokers and
263 surfacesin non-smokers. Males presented with 306
surfaces and females with 259 surfaces. 269 were male
smokers and 33 were female smokers, and 37 were

malenon-smokers while 226 were female non-smokers.
(Table 1)

The average prevalence of surfaces with vertical
alveolar bone loss in the smoker group of patients was
10.06%, and 8.76% in the non-smoker group. (Table
1) The overall mean millimeter vertical bone loss for
a total of 60 patients was 1.023+0.835 mm (Table 1).
There was a greater mean millimeter vertical bone loss
in smokers as compared to non-smokers (1.112+0.784
mm vs. 0.935+0.887 mm respectively), however this
difference of means was not statistically significant
(p=0.418) at a 5% level of significance (Table 1).

Table 2 depicts the severity of vertical alveolar
bone loss in different groups of teeth in smokers as
compared to non-smokers. There was a significantly
higher mean millimeter vertical bone loss in the pre-
molar group of teeth in smoker patients as compared
to non-smokers (1.416+1.234 mm; p=0.030) (Figure 1).
When the surfaces of affected teeth were separated
into maxillary and mandibular groups of teeth, there
was a statistically significant difference (p=0.002) be-
tween smokers and non-smokers, depicting a greater
mean millimeter vertical bone loss in specifically the
maxillary premolar group of teeth (1.619+1.816 mm)
(Table 3). Maxillary molar groups of teeth were also
more affected in smokers as compared to non-smokers,
although this was not statistically significant (p=0.740)
(Table 3). Furthermore, any gender-wise differences of
mean millimeter vertical bone loss between the different
groups of teeth in smokers as compared to non-smokers
were found to be non-significant (Table 4).

DISCUSSION

] Molars
2.5
] Premolars
T [] Canines
2 0- ] Incisors

1.5

Mean alveolar vertical bone loss

41 |
i

Non-smokers Smokers
Fig 1: Differences of mean millimeter vertical
bone loss in groups of teeth between smokers and
non-smokers. (P-value = 0.030)
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TABLE 1: DISTRIBUTION OF SMOKERS AND NON-SMOKERS WITH GENDER AND SURFACES AND
MEAN MILLIMETER VERTICAL BONE LOSS

Vertical alveolar Smokers n = 30 Non-Smokers n = 30 Total n = 60
bone loss Male Female Male Female Male Female
Bone loss present 25 (83.3) 4(13.4) 4 (13.4) 24 (80.0) 29(48.3) 28(46.7)
Bone loss absent 1(3.3) 0(0) 1(3.3) 1(3.3) 2(3.3) 1(1.7)
Number of surfaces 269 33 37 226 306 259
with vertical bone
loss
Mean millimeter ver- 1.112 + 0.784 0.935 + 0.887 1.023 + 0.835
tical bone loss P=0418

1.186 + 0.628 + 0.900 = 0.942 + 1.140 + 0.899 +

0.809 0.363 0.871 0.908 0.146 0.856

Key: Values given in parentheses () are percentages.

TABLE 2: DIFFERENCES OF MEAN MILLIMETER VERTICAL BONE LOSS IN GROUPS OF TEETH
BETWEEN SMOKERS AND NON-SMOKERS

Groups of teeth Smokers (n = 30) Non-smokers (n = 30) p-value
Molars 1.657+1.594 1.300+1.445 0.368
Premolars 1.416+1.234* 0.784+0.946 0.030
Canines 0.994+1.670 0.860+1.136 0.719
Incisors 0.451+0.909 0.796+1.278 0.232

*Shows statistically significant result at 5% level of significance.

TABLE 3: DIFFERENCES OF MEAN MILLIMETER VERTICAL BONE LOSS IN MAXILLARY AND
MANDIBULAR GROUPS OF TEETH BETWEEN SMOKERS AND NON-SMOKERS

Groups of Teeth Smokers (n = 30) Non-smokers (n = 30) p-value
Maxillary Teeth 1.307+0.990 1.007+1.316 0.071
Maxillary Molars 1.009+1.009 1.087+1.377 0.740
Maxillary Premolars 1.619+1.816* 0.407+1.009 0.002
Maxillary Canines 0.828+1.718 1.117+1.772 0.320
Maxillary Incisors 0.242+0.575 0.793+1.784 0.380
Mandibular Teeth 0.918+1.149 0.863+0.815 0.683
Mandibular Molars 1.202+1.764 1.305+1.619 0.553
Mandibular Premolars 1.399+2.985 0.834+1.310 0.813
Mandibular Canines 0.917+2.127 0.622+1.530 0.693
Mandibular Incisors 0.428+1.443 0.522+1.281 0.509

*Shows statistically significant result at 5% level of significance.

TABLE 4: GENDER-WISE DIFFERENCES OF MEAN MILLIMETER VERTICAL BONE LOSS IN

GROUPS OF TEETH BETWEEN SMOKERS AND NON-SMOKERS

Pakistan Oral & Dental Journal Vol 39, No. 4 (October-December 2019)

Groups of Smokers (n = 30) p-value Non-smokers (n = 30) p-value
teeth Male Female Male Female
Molars 1.834+1.637 0.503+0.395 0.125 0.928+1.074 1.375+1.516 0.552
Premolars 1.452+1.282  1.185+0.973 0.695 1.040+1.162  0.732+0.917 0.787
Canines 1.057+£1.775 0.583+0.673 0.606 0.902+1.121 0.852+1.161 0.872
Incisors 0.514+0.962  0.040+0.080 0.576 0.804+1.495 0.795+1.265 0.746
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All patients in this study exhibiting intra-alveolar
bone defectshad been diagnosed with chronic periodon-
titis, and any vertical alveolar bone loss was due to the
accumulated effects since the initiation of the disease.?*
The effects of bone development and menopause were
excluded. Other local and systemic factors which may
have influenced the pathogenesis of periodontal dis-
ease were also excluded, including any periodontal or
antibiotic therapy within the previous 6 months.

Digital panoramic radiographs were used to de-
termine the prevalence of intrabony defects in both
the mandible and maxilla. The radiographic method
applied in this study to evaluate marginal bone loss
was similar to that of a previous study.!! The height
of the periodontal bone on the proximal surfaces of
teeth were determined as the vertical distance from
2mm below the CEJ to the ABC, whereby 2mm was
considered as the distance found in normality.!! This
method was also proposed in other studies, except Imm
was subtracted in those studies.®? A study using open
surgery measurement as the gold standard showed that
an underestimation of bone loss can range from 13%
to 32% for panoramic films. Furthermore, they do not
provide information on the height of the vestibular or
lingual periodontal bone.?

A relatively new imaging modality, namely cone-
beam computed tomography (CBCT)whichis dedicated
to dentomaxillofacial radiology, has been introduced
for applications in periodontology. Obvious advantag-
es such as relatively low-cost and low-dose have been
reported when compared to digital panoramic radio-
graphs.?” CBCTimages also demonstrate more potential
in the morphological description of periodontal bone
defects, however, digital radiography provides more
bone details.?® Furthermore, CBCT does not offer a
significant advantage over conventional radiography
for assessing periodontal bone levels, bone quality and
periodontal ligament space, whereas bony defects,
craters, and furcation involvements seem to be better
depicted on CBCT.?” Future studies utilizing CBCT
in the field of periodontology are certainly indicated,
however, consideration of its advantages, limitations,
and risks should be taken into account.?”

In this study the severity of vertical radiograph-
ic bone loss was greater in smokers as compared to
non-smokers, although this finding was not significant.
Furthermore, the average prevalence of surfaces with
vertical alveolar bone loss in the smoker group of
patients was greater than in the non-smoker group.
This study thus confirms previous cross-sectional®81%15
and longitudinal studies!?!¢2° showing an association
between smoking and the prevalence and severity of
vertical alveolar bone loss, signifying smoking to be a
potential risk factor. A limitation of this study how-

ever is the absence of discernment between light and
heavy smoking exposure. A dose-response relationship
between severity of vertical bone loss and heavy smok-
ing exposure has been demonstrated to strengthen the
probability of smoking as a significant risk factor.56:30
Studies have confirmed greater alveolar bone destruc-
tion, including increased clinical attachment loss and
tooth mobility among heavy smokers.

A significant difference in mean vertical bone loss
in premolar groups of teeth between smokers and
non-smokers was found in this study. Specifically,
this was found to be significantly associated with
maxillary premolars. Similar findings in other studies
of smoker patients have observed such bone defects
in the posterior segments of the dentition, specifically
the maxillary molars.'”!® In this study maxillary molar
groups of teeth were also more affected in smokers as
compared to non-smokers, although this finding was
not significant. The findings in this study are however
in contrast to other studies which found incisor teeth to
be more affected.”® Other studies have however found
no increase in the deleterious effects of smoking in
specific areas of the dentition.?! Furthermore in this
study, no significant differences were found between
males and females regarding specific groups of teeth
being affected in smokers as compared to non-smokers.
Morelongitudinal studies are needed to better elucidate
the effects of smoking on particular groups of teeth,?
including any differences regarding gender.

In this study gender differences were not found
to be significantly associated with the prevalence or
severity of vertical bone loss between smokers and
non-smokers. Meta-analysis of population surveys has
however shown males to be at greater risk for destruc-
tive periodontal disease than females; this being due
to differential gene regulation of sex steroid-respon-
sive genes.?? Other studies however have indicated no
significant effect of gender on periodontal health and
have attributed smoking, poorer oral hygiene and a less
positive attitude towards oral health, rather than any
genetic factor, to increase susceptibility to periodontal
disease among males.®3%* Furthermore, the prevalence
of smoking has been found to be much higher in males
compared to females in various population studies.13%36
However, as alimitation of this study, any associations
between clinical indicators of periodontal disease, oral
hygiene practices and smoking with regards to gender
differences were not studied. Further studies are needed
regarding the association of vertical radiographic alve-
olar bone loss with smoking, gender, and periodontal
status.!!

In the present cross-sectional study, convenience
sampling was utilized. A limitation of this study is that
the sample size (60 subjects) may not be representative
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of the population as a whole.3” However, the present
study was a pilot study performed on a local population
attendingthe Dental College in the Eastern province of
Saudi Arabia, and comparisons were made with other
population groups. However, the epidemiology of peri-
odontitis can be influenced by various factors within
various geographical populations showing different
demographic and ecological characteristics.®® Also,
the selection of criteria specific to the definition and
magnitude of the prevalence of periodontal disease can
differ between studies, making comparisons difficult
with data from other populations, both in developing
and developed countries.?% Underprivileged socio-
economic status and poor educational status are also
known significant risk factors of periodontal disease
and marginal bone loss.*® More studies on prevalence
incorporating broader demographic parameters within
different regions of Saudi Arabia should be envisaged,
thereby enabling more meaningful comparisons to be
made.

The effect of smoking on the progression of peri-
odontal disease which includes significantly influencing
alveolar bone loss has been well proven.* Nicotine,
which is cytotoxic, and its metabolites may have both
local and systemic effects, although nicotine absorption
from smoke in the oral cavity has been indicated to
be low.!%42 The local effects of nicotine involve acting
directly as an irritant on the gingiva and alveolar
bone.*® Systemic effects may cause alterations in the
cellular immune response, including an increase in
proinflammatory cytokine secretion, thereby affecting
bone turnover.*% Other systemic effects may include
a resultant insufficient vascular supply, as well as
having detrimental effects on bone cells, leading to
alveolar bone loss.*6 Nicotine can significantly increase
the levels of prostaglandin and interleukin 1-beta,
which are inflammatory mediators of osteoclastic
bone resorption.*” Nicotine has also been suggested to
stimulate bone matrix turnover, including an increase
in matrix metalloproteinases, thereby favoring bone
matrix resorption.® Other studies have described a
potential change in the receptor activator of nuclear
factor-kappa B ligand (RANKL) and osteoprotegerin
(OPG) ratio. A systemic nicotine-induced suppression
of OPG production can thus lead to bone loss in smok-
eI‘S.49’50

Long-term observational studies have shown that
exposure to cigarette smoke elevates the probability
of severe vertical bone loss in chronic smokers.!® This
study has similarly shown an increased probability
of the detrimental effects of tobacco smoking on spe-
cifically vertical alveolar bone loss. Smoking per se
may not however be the only cause, as other factors
may also play a role.'® A limitation of this study was
to not include these factors, although mention should

be made of their relevant importance. Clinical studies
have shown a strong correlation between attachment
loss and the number of smoking years, whereby severe
periodontal disease can be found in 45% of those who
smoked for more than 10 years.’! The long-term (10
years) influence of smoking on periodontal bone height
has been demonstrated to cause a reduction in bone
height 2.7 times greater in adult smokers.?? Smoking
cessation can however lead to an improvement in
periodontal parameters, regardless of the duration of
smoking.*’

The presence of plaque as well as the rate of plaque
formation is not significantly related to severity of
vertical bone defects in smokers.!>*752 This has been
ascribed to motivated smokers exercising plaque control
as efficiently as non-smokers. Increased calculus de-
posits associated with smoking are also not considered
as having a major influence on periodontal health.*’

Scarce and conflicting reports question whether
smoking has an effect on oral microbiota.5® Various
oral surfaces display different receptors for bacterial
adhesion whereby microbial niches can be resilient to
disturbances in the surrounding environment induced
by smoking.5® Nicotine and its metabolite cotinine,
which areincreased in crevicular fluid of smokers,>** can
increase the adhesion of specific bacteria to epithelial
cellsin periodontal pockets.? Ithas been suggested that
differences in the prevalence of microbiota are possibly
related to differences in pocket depth between smokers
and non-smokers, and not due to smoking having an
influence on the composition of subgingival microflora,
but rather contributing to periodontal destruction by
inducing changes within the periodontium.® In con-
trast, a study described an alteration of the microbial
community in smoker patients, whereby smoking may
aggravate the subgingival dysbiosis that characterizes
chronic periodontal disease.® Other studies have also
described smokers with periodontal disease to have a
distinct and less diverse microbial community, includ-
ing inducing the depletion of beneficial bacteria and
increasing periodontopathicbacteria.”55¢ However, the
issue whether smoking selectively alters the subgingi-
val microbiota or causes changes in the host response
leading to deeper periodontal pockets, thereby favor-
ing the colonization of specific periodontal pathogens,
remains controversial.’® Controversy also exists about
the effect of gender on the presence of subgingival
bacteria. Studies have reported a difference in the
bacterial profile between males and females,®*5! while
other studies have indicated gender to have no effect on
the prevalence of subgingival bacteria in periodontitis
patients, as well as in healthy controls.5%5

CONCLUSIONS
Within the limitations of this study, the role of
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smoking is supported to be considered a risk factor
for the development of vertical alveolar bone defects.
Smokers presented with more severe vertical radio-
graphicalveolar boneloss as compared to non-smokers,
whereby maxillary premolars were significantly more
affected. No significant differences were found between
males and females regarding specific groups of teeth
being affected in smokers as compared to non-smokers.
Further studies incorporating broader demographic
data are needed to examine the prevalence and severity
of vertical radiographic alveolar bone loss in smokers,
including the effects on specific groups of teeth, as
well as the association with gender. Future studies
are suggested including comparisons between various
radiographic techniques (FMX, OPG, CBCT) in the
detection of alveolar bone loss, this being in relation to
periodontal diseases among smokers and non-smokers.

Vertical bone loss is associated with further peri-
odontal bone loss and tooth loss; thus, the clinical
importance of the early detection thereofis imperative.
Emphasis on education of patients and the utilization
of smoking cessation programs can bring about positive
results in patients suffering from periodontal disease.

Acknowledgements

The study was registered and approved by the COD
IAU Research Unit. The authors would like to thank
Drs. Zainab and Fita for their help in collecting data.

REFERENCES

1  Bahrami G, Vaeth M, Wenzel A, Kirkevang LL, Isidor F. Pre-
diction of future marginal bone level: A radiographic study. J
Clin Periodontol 2011; 38:933-38.

2 Duane B. Further evidence that periodontal bone loss increases
with smoking and age. Evid Based Dent 2014; 15:72-3.

3  Consensus report. Periodontal diseases: epidemiology and
diagnosis. Ann Periodontol 1996; 1:216-22.

4 Grossi S, Genco R, Machtei E, Koch G, Dunford R, Zambon J.
Assessment of risk for periodontal disease. II. Risk indicators
for alveolar bone loss. J Periodontol 1995; 66:23-9.

5  Bergstrom J. Tobacco smoking and risk for periodontal disease.
J Clin Periodontol 2003; 30:107-13.

6  Natto S, Baljoon M, Bergstrom J. Tobacco smoking and peri-
odontal health in a Saudi Arabian population. J Periodontol
2005; 76:1919-26.

7  Haffajee AD, Socransky SS. Relationship of cigarette smoking
toattachment level profiles. J Clin Periodontol 2001;28:283-95.

8 deLimaFR,Cesar-NetoJB, de Lima DR, Kerbauy WD, Noguei-
ra-Filho GR. Smoking enhances bone loss in anterior teeth in
a Brazilian population: A retrospective cross-sectional study.
Braz Oral Res 2008; 22:328-33.

9  RudzinskiR,BanachJ. The effect of tobacco smoke on the course
and severity of inflammation in periodontal tissues. Ann Acad
Med Stetin 2011; 57:88-95.

10 Machuca G, Rosales I, Lacalle JR, Machuca C, Bullon P. Effect
of cigarette smoking on periodontal status of healthy young
adults. J Periodontol 2000; 71:73-8.

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Javed F, Al-Kheraif AA, Rahman I, et al. Comparison of clinical
and radiographic periodontal status among habitual waterpipe
smokers and cigarette smokers. J Periodontol 2016; 87:142-47.

Jansson L, Lavstedt S. Influence of smoking on marginal bone
loss and tooth loss — a prospective study over 20 years. J Clin
Periodontol 2002; 29:750-56.

Bergstrom J. Influence of tobacco smoking on periodontal bone
height. Long-term observations and a hypothesis. J Clin Peri-
odontol 2004; 31:260-66.

Levin L, Levine J. Cigarette smoking and radiographic alveolar
bone height and density. N Y State Dent J 2010; 76:31-5.

Baljoon M, Natto S, Bergstrom J. The association of smoking
with vertical periodontal bone loss. J Periodontol 2004; 75 844-
51.

Baljoon M, Natto S, Bergstrom J. Long-term effect of smoking
on vertical periodontal bone loss. J Clin Periodontol 2005;
32:789-97.

Baljoon M, Natto S, Bergstrom J. The occurrence of vertical
bone defects in dentally aware individuals. Acta Odontol Scand
2003; 61:47-51.

Airila-Mansson S, Séder B, Klinge B. Bone height changes in
individuals with periodontal disease: A 17-year prospective
longitudinal study. J Clin Periodontol 2005; 32:822—-27.

Michalowicz BS, Aeppli DP, Kuba RK, et al. A twin study of
genetic variation in proportional radiographic alveolar bone
height. J Dent Res 1991; 70:1431-35.

Muller HP, Ulbrich M. Alveolar bone levelsin adults as assessed
on panoramicradiographs. (i) prevalence, extent, and severity of
even and angular bone loss. Clin Oral Investig 2005; 9:98-104.

Tugnait A, Clerehugh V, Hirschmann PN. The usefulness of
radiographs in diagnosis and management of periodontal dis-
eases: a review. J Dent 2000; 28:219-26.

Rosa GM, Lucas GQ, Lucas ON. Cigarette smoking and alveolar
bone in young adults: A study using digitized radiographs. J
Periodontol 2008; 79:232-44.

Papapanou P, Wennstrom J. The angular bony defect as in-
dicator of further alveolar bone loss. J Clin Periodontol 1991;
18:317-22.

Mesa F, Souki N, Galindo-Moreno P, Velasco-Torres M, O’Valle
F, Bravo M. Tobacco consumption induces alveolar crest height
loss independently of mandibular bone mass and bone density.
Clin Oral Impl Res 2014; 25:1034—40.

Schiiller AA, Hoist D. An “S-shaped” relationship between smok-
ing duration and alveolar bone loss: generating a hypothesis. J
Periodontol 2001; 72:1164-71.

Akesson L, Hakansson J, Rohlin M. Comparison of panoramic and
intraoral radiography and pocket probing for the measurement
of the marginal bone level. J Clin Periodontol 1992; 19:326-32.

AlJehani YA. Diagnostic applications of cone-beam CT for
periodontal diseases. Int J Dent 2014; Article ID 865079
doi:10.1155/2014/865079

Vandenberghe B, Jacobs R, YangJ. Detection of periodontal bone
loss usingdigital intraoral and cone beam computed tomography
images: anin vitro assessment of bony and/or infrabony defects.
Dentomaxillofac Radiol 2008; 37:252—60.

Bergstrom J, Eliasson S. Cigarette smoking and alveolar bone
height in subjects with a high standard of oral hygiene. J Clin
Periodontol 1987; 14:466-69.

Grossi S, Genco R, Machtei E, Koch G, Dunford R, Zambon J.
Assessment of risk for periodontal disease. II. Risk indicators
for alveolar bone loss. J Periodontol 1995; 66:23-9.

Pakistan Oral & Dental Journal Vol 39, No. 4 (October-December 2019)

323



Vertical radiographic alveolar bone loss

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Laurell L, Romao C, Hugoson A. Longitudinal study on the
distribution of proximal sites showing significant bone loss. J
Clin Periodontol 2003; 30:346-52.

Shiau HJ, Reynolds MA. Sex differencesin destructive periodon-
taldisease: A systematicreview. J Periodontol 2010;81:1379-89.

Position Paper: Epidemiology of periodontal diseases. J Peri-
odontol 2005; 76: 1406-19.

Kazem NM, Abd ST, Abdulla WL, Gathwan KH. The effect of
gender factor on periodontal disease. Int J Sci Nat 2017; 8:588-
90.

Khabour OF, Alzoubi KH, Eissenberg T, et al. Waterpipe tobacco
and cigarette smoking among university students in Jordan.
Int J Tuberc Lung Dis 2012; 16:986-92.

Jradi H, Al-Shehri A. Knowledge about tobacco smoking among
medical students in Saudi Arabia: Findings from three medical
schools. J Epidemiol Glob Health 2014; 4:269-76.

Khemiss M, Khelifa MB, Rejeb MB, Saad HB. Periodontal bone
height of exclusive narghile smokers compared with exclusive
cigarette smokers. Libyan J Med 2016; 11: doi.org/10.3402/ljm.
v11.31689

Nunn ME. Understanding the etiology of periodontitis: an
overview of periodontal risk factors. Periodontol 2000 2003;
32:11-23.

Bergstrom J, Eliasson S. Prevalence of chronic periodontal dis-
ease using probing depth as a diagnostic test. J Clin Periodontol
1989; 16:588-92.

Eke PI, Dye BA, Wei L, et al. Update on prevalence of periodon-
titis in adults in the United States: NHANES 2009 to 2012. J
Periodontol 2015; 86:611-22.

Genco R. Current view of risk factors for periodontal diseases.
J Periodontol 1996; 67:1041-49.

Hukkanen J, Jacob P 3rd, Benowitz NL. Metabolism and dis-
position kinetics of nicotine. Pharmacol Rev 2005; 57:79-115.

Fang MA, Frost PJ, lida-Klein A, Hahn TJ. Effects of nicotine
on cellular function in UMR 106-01 osteoblastlike cells. Bone
1991, 12:283-86.

American Academy of Periodontology. Tobacco use and the peri-
odontal patient (position paper). J Periodontol 1999;70:1419-27.

Wu LZ, Duan DM, Liu YF, Ge X, Zhou ZF, Wang XJ. Nicotine
favors osteoclastogenesis in human periodontal ligament cells
co-cultured with CD4(+) T cells by upregulating IL-1beta. Int
J Mol Med 2013; 31:938-42.

Oda H, Matsuzaki H, Tokuhashi Y, Wakabayashi K, Uematsu
Y, Iwahashi M. Degeneration of intervertebral discs due to
smoking: experimental assessment in a rat-smoking model. J
Orthop Sci 2004; 9:135-41.

Obeid P, Bercy P. Effects of smoking on periodontal health: A
review. Adv Ther 2000; 17:230-37.

Katono T, Kawato T, Tanabe N, et al. Nicotine treatmentinduces
expression of matrix metalloproteinases in human osteoblastic

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

Saos-2 cells. Acta Biochim Biophys Sin (Shanghai) 2006; 38:874-
82.

César-NetodB, Duarte PM, de Oliveira MC, Tambeli CH, Sallum
EA, Nociti FH. Smoking modulates interleukin-6: interleukin-10
and RANKL: osteoprotegerin ratios in the periodontal tissues.
J Periodontal Res 2007; 42:184-91.

Lappin DF, Sherrabeh S, Jenkins WM, Macpherson LM. Effect
of smoking on serum RANKL and OPG in sex, age and clini-
cally matched supportive-therapy periodontitis patients. J Clin
Periodontol 2007; 34:271-77.

Martinez-Canut P, Lorca A, Magan R. Smoking and periodontal
disease severity. J Clin Periodontol 1995; 22:743-49.

Bergstrom J, Eliasson S, Dock J. Exposure to tobacco smoking
and periodontal health. J Clin Periodontol 2000; 27:61-8.

Yu G, Phillips S, Gail MH, et al. The effect of cigarette smoking
on the oral and nasal microbiota. Microbiome 2017; 5: 3. doi:
10.1186/s40168-016-0226-6

McGuire JR, McQuade MdJ, Rossmann JA, et al. Cotinine in
saliva and gingival crevicular fluid of smokers with periodontal
disease. J Periodontol 1989; 60:176-81.

Teughels W, Van Eldere J, van Steenberghe D, Cassiman JdJ,
Fives-Taylor P, Quirynen M. Influence of nicotine and cotinine
on epithelial colonization by periodontopathogens. J Periodontol
2005; 76:1315-22.

Coretti, L, Cuomo M, Florio E, et al. Subgingival dysbiosis in
smoker and non-smoker patients with chronic periodontitis.
Mol Med Rep 2017; 15:2007-14.

Camelo-Castillo AJ, Mira A, Pico A. Subgingival microbiota in
health compared to periodontitis and the influence of smoking.
Front Microbiol 2015; 24: 119. doi: 10.3389/fmich.2015.00119

Karasneh JA, Habashneh RA, Marzouka NAS, Thornhill MH.
Effect of cigarette smoking on subgingival bacteria in healthy
subjects and patients with chronic periodontitis. BMC Oral
Health 2017; 17: 64. doi: 10.1186/s12903-017-0359-4.

Guglielmetti MR, Rosa EF, Lourencxéo DS, et al. Detection and
quantification of periodontal pathogens in smokers and nev-
er-smokers with chronic periodontitis by real-time polymerase
chain reaction. J Periodontol 2014; 85:1450-57.

Slots J, Feik D, Rams TE. Age and sex relationships of superin-
fecting microorganisms in periodontitis patients. Oral Microbiol
Immunol 1990; 5 305-8.

Umeda M, Chen C, Bakker I, Contreras A, Morrison JL, Slots
dJ. Risk indicators for harboring periodontal pathogens. J Peri-
odontol 1998; 69:1111-18.

Schenkein HA, Burmeister JA, Koertge TE, et al. The influence
ofrace and gender on periodontal microflora. J Periodontol 1993;
64:292-96.

Fischer CC, Persson RE, Persson GR. Influence of the menstru-
al cycle on the oral microbial flora in women: A case-control
study including men as control subjects. J Periodontol 2008;
79:1966-73.

2-4 Dental Interns:
5 Intisar Ahmad Siddiqui:

6 Khalid Almas:

CONTRIBUTIONS BY AUTHORS

Research concept and study design, writing and critical revision of the
manuscript, final approval of the manuscript.

Data collection and assembly of data, initial writing.

Data analysis and interpretation of results, final approval of the man-

1 Steph Smith:

uscript.

Research concept and study design, critical revision of the manuscript,
final approval of the manuscript.

Pakistan Oral & Dental Journal Vol 39, No. 4 (October-December 2019)

324



