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Effect of smoking on hard palate bone density
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Abstract
Background: The bone density of hard palate is key factor for success of palatal mini-implant.
Smoking is an important determinant of osteoporosis.
Materials and method: Sixty males were selected with age range 20-39 years and divided into
two groups according to smoking; smokers group (30), and nonsmokers (control) group (30).
The measurements of hard palate bone density by HU (unit used to measure radiodensity of bone
on CT scan) were made at 20 sites at the intersection of five anterioposterior and four
mediolateral reference lines using Philips, Brilliance™, 64-multislice computed tomography
scanner software.
Results: The results that were obtained showed that there was a statistically significant
difference between the two groups in bone density at most areas of hard palate. The comparison
between the two groups in the overall cortical bone density showed a highly statistically
significant difference. The comparison between the two groups in the overall cancellous bone
density showed a statistically significant difference.
Conclusion: Hard palate bone density decreased by smoking. In spite that, orthodontic mini-
implants can be safely used for smoker persons in hard palate.
Keywords: Hard Palate, bone density, smoking, orthodontic mini-implant, computerized
tomography.
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Introduction

In order to overcome problems associated with anchorage loss in orthodontic treatment, mini-
implants have been developed and now used increasingly’. Palatal mini-implants are widely used as
orthodontic anchorage device?*, which is optimal for supporting various treatment mechanics,
including distalization, rapid maxillary expansion, protraction of buccal teeth, space closure,
intrusion mechanics® and to reinforce anchorage in Angle Class Il malocclusion patients in whom
retraction of anterior teeth was achieved after the maxillary first premolars were extracted®. Despite
that, the stability of a mini-implant is essential before it can be used as orthodontic anchorage and
the clinical application of a mini-implant does not guarantee treatment success’°.The key
determinant for stationary mini-implants anchorage is bone density*®*!. As Previous studies showed
a close association between the bone density factor and the failure rate of dental implants****. Many
classification of bone density and its relation to dental implant treatments have been introduced?**
18 Cigarette smoking was recognized as a key lifestyle factor for both bone loss (reduced bone
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mineral density) and increase fractures risk. There are a wide variety of mechanisms by which
smoking predispose bone loss'®. Such as, a decrease in absorption of intestinal calcium®%, low
body weight®* and affects bone mass by some alterations in sex hormone metabolism?.

Therefore, the purpose of this study was to know how much the cigarette smoking effect on the
bone density of the hard palate and subsequently to know the possibility of placing palatal mini-
implant for smoker persons.

Material and method

The total sample consisted of 60 Iraqi subjects (males), with age range of 20-39 years old,
collected from the MRI and CT department of AL-Sader Medical City in AL-Najaf. The sample
divided into two groups according to smoking; smoker group (30), and control group (30). Sample
selection criteria included:

a. Skeletal class I, with normal occlusion.

b. They have full set of permanent teeth in both jaws left and/or right side “excluding the 3rdmolar”

c. No impacted teeth and/or any erupted supernumerary within the area of measurement.

d. No history of a systemic disease and/or chronic use of any medication that could affect the bone
density.

e. No regular alcohol drinking.

f. No history of dentofacial deformities, pathologic lesions in the jaws or facial trauma.

g. No history of previous orthodontic and/or orthopedic treatment.

h. For smokers were daily consumption of at least 15 cigarettes (for at least two years)?.

The study confined to males depending on previous studg/ that refer there were no statistical
significant gender difference in the hard palate bone density®?*** Each individual was informed
about the study and asked if he agrees to participate in it. To measure the bone density by
Hounsfield unit (HU) for the hard palate, CT images were obtained by 64-slice multi-detector CT
scanner (Philips, Holland, Brilliancetm CT, V4.0). The measurements of hard palate bone density
by (HU) were made at 20 sites at the intersection of five anterioposterior reference lines with 6 mm
interval from incisive foramen (anterior area at 0,6, middle area at 12 and posterior area at 18,24
mm) and four mediolateral reference lines with 3 mm interval from mid-palatal suture (mid-palatal
area at 0, medial area at 3, middle area at 6 and lateral area at 9 mm) (Figure 1). The measurements
made either in the left or right side depending on the previous studies®>**?® that refer there were no
statistical significant differences between the left and right side measurements. In the sagittal view
for all points, the cortical bone density was measured at the midpoint of the cortical bone thickness.
Also, the cancellous bone density was measured at the trabeculae, located halfway incisoapically
between the two cortical plates.

. Mid -Palatal Area

i Medial Area
. Middle Area
D Lateral Area

Figure (1): The designated areas (A) anteroposterior areas; (B) mediolateral areas.
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Results

The descriptive statistics of the cortical and cancellous bone density at different points for two
group are presented in Tablel and 2 respectively. Regarding cortical bone density, there were a
highly statistically significant difference (p <0.001) between the two groups at anterior area, middle
area (anteroposterior areas), mid-palatal area, medial area and lateral area (mediolateral areas).
While at posterior area (anteroposterior areas) and middle area (mediolateral areas) showed a
statistically significant difference. The results of the cancellous bone density were a highly
statistically significant difference between two group at anterior area (anteroposterior areas) and
mid-palatal area (mediolateral areas). At posterior area showed a statistically significant difference.
In the remaining areas the difference were a non- statistically significant (Table 3 and 4). The
comparison between the two groups in the overall cortical bone density was a highly statistically
significant difference. The comparison between the two groups in the overall cancellous bone
density was a statistically significant difference (Table 5).

Discussion

Orthodontics treatment in last years depend mainly on mini-implant to provide anchorage clinically.
The selection of hard palate for placement of temporary skeletal anchorage devices resulting from
sufficient bone quality, less possibility of root damage to the adjacent teeth (nontooth-bearing area)
and this anchorage is highly successful during treatment without hindering tooth movement*’. The
succeggzgf mini-implant is determined by many factors including bone mineral density (quality of
bone)=™.

Growth and development of the bone mass are products from complex interactions of genetic and
environmental factors®®. These factors can be broadly classified into factors that cannot be
modified, such as age, gender, body size, genetics and ethnicity, and modified factors, such as
lifestyle factors including physical activity levels, smoking and alcohol consumption patterns,
hormonal status, and diet **.

Previous studies done to evaluate bone density of the hard palate in normal persons to provide
guidelines in order to select the most suitable sites for placement of mini-implants®*?>%. This study
aimed to evaluate hard palate bone density in smoker persons because the effect of smoking on
bone health and prevalence of smoking in our community. The study made comparison between
the two groups at different areas and in the overall cortical and cancellous bone density. This study
found highly statistically significant difference between them in cortical bone density at most areas.
The comparison of the overall cortical bone density between the two groups was a highly
statistically significant difference. on the other hand, The results of the cancellous bone density
were a highly statistically significant difference between two groups at anterior area
(anteroposterior areas) and mid-palatal area (mediolateral areas). At posterior area showed a
statistically significant difference. In the remaining areas the difference were a non- statistically
significant. The comparison between the two groups of the overall cancellous bone density was a
statistically significant difference. There is no previous study examining these relationships. This
results can be explained as a direct relationship between tobacco use and decreased bone density
found by many previous studies at various areas of human body®**>**,

Low bone density caused by smoking is thought to be through various pathways including: changes
in hormone household, leading to a decrease in estrogen levels and parathyroid hormone (thus
reducing calcium absorption) in addition to an increase in the level of cortisol and adrenal
androgens, changes that have been linked to an increased risk of osteoporosis®; body mass reduced
by smoking, which is postulated to provide an osteogenic stimulus and is linked to higher bone
mineral density’’; increasing free radicals and oxidative stress which affects bone resorption
associated with smoking®®; reduces the level of Vitamin D in the body, which is essential for good
bone health®; also the smokers are more likely to suffer from peripheral vascular disease leading to
reducion blood supply to the bones®’; Finally, direct toxic effects of many of the constituents in
tobacco smoke on bone cells may also exist*".

The study found that the greatest effect of smoking was on the cortical bone density than cancellous
bone density, this may belong to the fact that the cancellous bone is a trabecular network, surrounds
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marrow spaces that may contain either hematopoietic or fatty tissue, located subjacent to the
cortical bone*? and the water ratio is higher in trabecular than in cortical bones*,

The mean of cortical and cancellous bone density at all areas not reach to D4 (150-350 HU)
category of Misch’s classification (1990)**. In D4 bone, the placement of implant is not
recommended due to the high failure rate associated with it (35-509%)*.

In conclusion, smoking seems to be associated with a decrease in hard palate bone density.
However, this effects according to Misch’s classification (1990)'* will not be so sever to prevent
placement of palatal mini-implant.
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Table 1: Descriptive statistics of the cortical bone density at different points

Descriptive statistics

Variables Smoker Group (N=30) Control Group (N=30)

Mean SD SE Mean SD SE

APMLC | 1065.600 | 143.847 | 26.263 | 1180.367 | 152.271 | 27.801
APML® | 1090.367 | 192.037 | 35.061 | 1230.700 | 168.000 | 30.672
AP°ML® | 1211.100 | 164.523 | 30.038 | 1341.133 | 131.641 | 24.034
AP’ML°® | 1255.700 | 149.346 | 27.267 | 1394.533 | 146.345 | 26.719
APSMLC | 1007.700 | 141.790 | 25.887 | 1108.133 | 136.910 | 24.996
APSML® | 1062.667 | 186.442 | 34.040 | 1190.733 | 193.966 | 35.413
APSML® | 1025.133 | 248.363 | 45.345 | 1150.767 | 235.819 | 43.054
AP°ML° | 1114.667 | 182.880 | 33.389 | 1246.700 | 181.431 | 33.125
APPML | 918.100 | 170.441 | 31.118 | 1038.967 | 148.325 | 27.080
APMLS | 1044.833 | 196.613 | 35.896 | 1153.067 | 182.660 | 33.349
APEMLS | 950.267 | 233.962 | 42.715 | 1072.867 | 218.313 | 39.858
APPML® | 995.467 | 211.410 | 38.598 | 1095.267 | 212.845 | 38.860
APBML | 908.200 | 166.490 | 30.397 | 1026.567 | 144.527 | 26.387
APBML® | 981.733 | 252.885 | 46.170 | 1089.333 | 247.187 | 45.130
APBMLS® | 877.867 | 297.501 | 54.316 | 983.133 | 301.100 | 54.973
APBML® | 937.600 | 280.142 | 51.147 | 1048.167 | 292.192 | 53.347
AP#*MLC | 968.733 | 164.986 | 30.122 | 1079.133 | 155.365 | 28.366
AP#*ML® | 944.100 | 213.761 | 39.027 | 1056.167 | 211.565 | 38.626
AP#*ML® | 828.233 | 267.058 | 48.758 | 922.167 | 269.600 | 49.222
AP#ML® | 748.267 | 241.006 | 44.001 | 844.133 | 231.932 | 42.345
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Table 2: Descriptive statistics of the cancellous bone density at different points
Descriptive statistics

Variables |  Smoker Group (N=30) Control Group (N=30)
Mean SD SE Mean SD SE
AP°MLC | 765.433 | 143.543 | 26.207 | 889.433 | 117.519 | 21.456
AP°ML’ | 488.733 | 245.516 | 44.825 | 596.967 | 222.215 | 40.571
AP°ML® | 436.000 | 211.074 | 38.537 | 505.700 | 173.867 | 31.744
AP’ML° | 344.233 | 186.164 | 33.989 | 428.700 | 147.794 | 26.983
AP®MLC | 776.267 | 170.345 | 31.101 | 884.167 | 145.202 | 26.510
AP®ML® | 453.233 | 268.433 | 49.009 | 533.367 | 252.189 | 46.043
AP°ML® | 578.600 | 261.690 | 47.778 | 675.000 | 254.435 | 46.453
AP°ML° | 586.267 | 281.502 | 51.395 | 679.133 | 271.270 | 49.527
APEMLC | 778.700 | 148.197 | 27.057 | 889.767 | 135.902 | 24.812
APEMLS | 469.600 | 271.049 | 49.487 | 540.767 | 266.844 | 48.719
AP2MLS | 734.433 | 292.104 | 53.331 | 824.800 | 313.909 | 57.312
APPML® | 651.700 | 347.488 | 63.442 | 715.067 | 363.854 | 66.430
APBMLC | 760.733 | 184.728 | 33.727 | 864.133 | 155.977 | 28.477
APBML® | 528.933 | 322.399 | 58.862 | 602.967 | 315.249 | 57.556
APBMLS | 676.400 | 382.215 | 69.783 | 783.900 | 383.782 | 70.069
APBML® | 743.967 | 357.418 | 65.255 | 852.033 | 384.194 | 70.144
AP*MLY | 697.433 | 213.086 | 38.904 | 807.600 | 183.907 | 33.577
AP*ML® | 665.633 | 260.129 | 47.493 | 764.467 | 275.685 | 50.333
AP#*ML® | 778.167 | 333.169 | 60.828 | 855.867 | 342.645 | 62.558
AP#*ML® | 737.867 | 304.795 | 55.648 | 824.533 | 307.205 | 56.088

Table 3: Descriptive statistics and comparison between the groups in the cortical

and cancellous bone density at the anterioposterior areas
Groups' difference
(df=58)
Mean SD SE t-test p-value
Anterior | Smoker | 8832.93 | 937.85 | 171.23
area | Control | 9843.07 | 933.81 | 170.49 | +180 | 0.000+
. Middle | Smoker | 3908.67 | 657.60 | 120.06
Cortical | "5 ea™ Control | 4360.17 | 619.65 | 113.13 | 237 | 0.008+x
Posterior | Smoker | 7194.73 | 1278.52 | 233.43
area Control | 8048.80 | 1268.04 | 231.51
Anterior | Smoker | 4428.77 | 1136.49 | 207.49
area | Control | 5192.47 | 854.97 | 156.09
Middle | Smoker | 2634.43 | 807.21 | 147.38
Cancellous |5 02" Control | 2970.40 | 799.11 | 145.00 | 1620 | 0111
Posterior | Smoker | 5589.13 | 1484.79 | 271.08

area | Control | 6355.50 | 1452.68 | 265.22
*= Significant 0.05 > P >0.01; **=Highly significant 0.05 > P > 0.001

Bone Areas | Groups Descriptive statistics

2.598 0.012=

2.941 | 0.005%:

2.021 0.048=
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Table 4: Descriptive statistics and comparison between the groups in the cortical
and cancellous bone density at the mediolateral areas

Descriptive statistics Groups' difference
Bone Areas Groups (df=58)
Mean SD SE t-test p-value
Mid-palatal | Smoker | 4868.33 | 611.71 | 111.68
area | Control | 5433.17 | 581.90 | 106.24 | >664 | 0.001x
Medial | Smoker | 5123.70 | 769.92 | 14057
Cortical area | Control | 5720.00 | 765.63 | 130.78 | >008 | 0.004xx
Middle Smoker | 4892.60 | 931.96 | 170.15 2411 0.019+
area | Control | 5470.07 | 923.15 | 16854 | * :
Lateral Smoker | 5051.70 | 717.60 | 131.02
area | Control | 5628.80 | 743.62 | 135.77 | >0°9 | 0.003+
Mid-palatal | Smoker | 3778.57 | 650.46 | 118.76
area | Control | 4335.10 | 516.66 | 94.33 | >670 | 0.001x
Medial | Smoker | 2606.13 | 924.38 | 168.77
Cancellous |__2rea | Control | 303853 | 800.64 | 146.18 1.937 | 0.058
Middle | Smoker | 3203.60 [ 1056.04 | 19281 | | oo | o107
area | Control | 3645.27 | 1032.95 | 18859 | - :
Lateral Smoker | 3064.03 | 1019.43 | 186.12
area | Control | 3499.47 | 994.94 | 181.65 | 674 | 0099

*= Significant 0.05 > P >0.01; **=Highly significant 0.05 > P > 0.001

Table 5: Descriptive statistics and comparison between the groups in the overall
cortical and cancellous bone density

Overall Descriptive statistics Groups' difference
Bone Groups P (d.f.=58)

density Mean SD SE t-test | p-value
Cortical Smoker | 19936.33 | 2673.98 | 488.20 3369 | 0.001%+

Control | 22252.03 | 2649.93 | 483.81
Smoker | 12652.33 | 2975.81 | 543.31

Cancellous =~ 011 14518.37 | 2600.47 | 474.78 | 2286 | 0.012

*= Significant 0.05 > P >0.01; **=Highly significant 0.05 > P > 0.001
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