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Elderly women with oral exostoses had higher bone mineral density
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the creation and wearing of artificial dentures. Oral
exostoses should be removed, if they are too large.
Exostosis generally exists as a smooth and round bony
protuberance, which varies in size and number. It is
classified as mandibular, palatal, and maxillary tori by
its location. Mandibular tori occur chiefly in the premo-
lar region of the lingual aspect of the mandible. Palatal
tori appear along the midline of the hard palate. Maxil-
lary tori are located mostly in the molar region of the
buccal aspect of the maxillae. A large number of inves-
tigators have so far illustrated the influence of genetic
and environmental factors, including nutritional, behav-
ioral, and occlusal stress,1 but the biological and mor-
phological significance of exostosis is still unclear. We
are interested in the findings that these two opposite
phenomena, bone loss and excessive bone formation,
occur in the elderly. We therefore examined the rela-
tionship between oral exostosis and skeletal bone min-
eral density (BMD) in the elderly.

Subjects and methods

We recruited, randomly, female patients who visited
the Department of Dentistry and Oral Surgery, Tokyo
metropolitan Geriatric Medical Center. These patients
were recommended to and agreed to visit the os-
teoporosis clinic at this center. Exclusion criteria in-
cluded hypothyroidism, neoplasm of bone and blood,
renal insufficiency, gastric resection, and diseases that
may cause deterioration in daily activities, such as
Parkinson’s disease. All subjects were examined for
exostoses by two expert oral surgeons. The existence
of exostosis was evaluated on visual inspection and
with digital examination. Study models were made for
records and to help with the digital examination. The
BMDs of the femur and radius were measured by
dual-energy X-ray absorptiometry (DXA; DPX-L IQ;
Lunar, Madison, WI, USA). A total scan was used for

Abstract We examined the relationship between two oppo-
site phenomena in elderly bone, bone loss (osteoporosis) and
excessive bone formation (oral exostosis). We recruited, ran-
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affect bone metabolism. The subjects were examined for exos-
tosis, and bone mineral density (BMD) was measured by dual-
energy X-ray absorptiometry. The Z score of the BMD was
calculated; this is the deviation from the weight-adjusted aver-
age BMD of each age. Subjects with palatal tori (n � 15) had
a higher femoral BMD than controls (n � 14) (0.580 � 0.213
vs �0.271 � 0.182; P � 0.0054). The subjects with palatal tori
(n � 12) also had a higher BMD than controls (n � 12) at
the radius (0.417 � 0.235 vs �0.533 � 0.294; P � 0.0194). In
addition, subjects with mandibular tori (n � 13) had a higher
femoral BMD than controls (n � 14) (0.569 � 0.242 vs �0.271
� 0.182; P � 0.0097). These results suggest that some common
mechanisms are involved in the elevation of skeletal BMD
and the occurrence of oral exostoses.
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Introduction

In the elderly, it is well known that the skeletal system
undergoes significant changes both quantitatively and
morphologically. Age-related bone loss causes the
common pathological condition, osteoporosis, which in-
creases the risk of fractures in the elderly. Oral exostosis
is another pathology of bone that is common in the
elderly, but it is characterized by excessive bone forma-
tion. Oral exostosis is one of the frequent obstacles to

Offprint requests to: T. Hosoi
Received: October 21, 2002 / Accepted: December 5,
2002

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.GENERAL ----------------------------------------File Options:     Compatibility: PDF 1.2     Optimize For Fast Web View: Yes     Embed Thumbnails: Yes     Auto-Rotate Pages: No     Distill From Page: 1     Distill To Page: All Pages     Binding: Left     Resolution: [ 600 600 ] dpi     Paper Size: [ 595.3 785.2 ] PointCOMPRESSION ----------------------------------------Color Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitGrayscale Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitMonochrome Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 600 dpi     Downsampling For Images Above: 900 dpi     Compression: Yes     Compression Type: CCITT     CCITT Group: 4     Anti-Alias To Gray: No     Compress Text and Line Art: YesFONTS ----------------------------------------     Embed All Fonts: Yes     Subset Embedded Fonts: No     When Embedding Fails: Warn and ContinueEmbedding:     Always Embed: [ ]     Never Embed: [ ]COLOR ----------------------------------------Color Management Policies:     Color Conversion Strategy: Convert All Colors to sRGB     Intent: DefaultWorking Spaces:     Grayscale ICC Profile:      RGB ICC Profile: sRGB IEC61966-2.1     CMYK ICC Profile: U.S. Web Coated (SWOP) v2Device-Dependent Data:     Preserve Overprint Settings: Yes     Preserve Under Color Removal and Black Generation: Yes     Transfer Functions: Apply     Preserve Halftone Information: YesADVANCED ----------------------------------------Options:     Use Prologue.ps and Epilogue.ps: No     Allow PostScript File To Override Job Options: Yes     Preserve Level 2 copypage Semantics: Yes     Save Portable Job Ticket Inside PDF File: No     Illustrator Overprint Mode: Yes     Convert Gradients To Smooth Shades: No     ASCII Format: NoDocument Structuring Conventions (DSC):     Process DSC Comments: NoOTHERS ----------------------------------------     Distiller Core Version: 5000     Use ZIP Compression: Yes     Deactivate Optimization: No     Image Memory: 524288 Byte     Anti-Alias Color Images: No     Anti-Alias Grayscale Images: No     Convert Images (< 257 Colors) To Indexed Color Space: Yes     sRGB ICC Profile: sRGB IEC61966-2.1END OF REPORT ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<     /ColorSettingsFile ()     /LockDistillerParams false     /DetectBlends false     /DoThumbnails true     /AntiAliasMonoImages false     /MonoImageDownsampleType /Bicubic     /GrayImageDownsampleType /Bicubic     /MaxSubsetPct 100     /MonoImageFilter /CCITTFaxEncode     /ColorImageDownsampleThreshold 1.5     /GrayImageFilter /DCTEncode     /ColorConversionStrategy /sRGB     /CalGrayProfile ()     /ColorImageResolution 150     /UsePrologue false     /MonoImageResolution 600     /ColorImageDepth -1     /sRGBProfile (sRGB IEC61966-2.1)     /PreserveOverprintSettings true     /CompatibilityLevel 1.2     /UCRandBGInfo /Preserve     /EmitDSCWarnings false     /CreateJobTicket false     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDict << /K -1 >>     /ColorImageDownsampleType /Bicubic     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /ParseDSCComments false     /PreserveEPSInfo false     /MonoImageDepth -1     /AutoFilterGrayImages true     /SubsetFonts false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /ColorImageFilter /DCTEncode     /AutoRotatePages /None     /PreserveCopyPage true     /EncodeMonoImages true     /ASCII85EncodePages false     /PreserveOPIComments false     /NeverEmbed [ ]     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /AntiAliasGrayImages false     /GrayImageDepth -1     /CannotEmbedFontPolicy /Warning     /EndPage -1     /TransferFunctionInfo /Apply     /CalRGBProfile (sRGB IEC61966-2.1)     /EncodeColorImages true     /EncodeGrayImages true     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /Optimize true     /ParseDSCCommentsForDocInfo false     /GrayImageDownsampleThreshold 1.5     /MonoImageDownsampleThreshold 1.5     /AutoPositionEPSFiles false     /GrayImageResolution 150     /AutoFilterColorImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /OPM 1     /DefaultRenderingIntent /Default     /EmbedAllFonts true     /StartPage 1     /DownsampleGrayImages true     /AntiAliasColorImages false     /ConvertImagesToIndexed true     /PreserveHalftoneInfo true     /CompressPages true     /Binding /Left>> setdistillerparams<<     /PageSize [ 576.0 792.0 ]     /HWResolution [ 600 600 ]>> setpagedevice



T. Hosoi et al.: Higher BMD in elderly women with oral exostoses 121

the proximal femur, and a shaft scan (33%) was used for
the radius. The Z score (which is the deviation from the
weight-adjusted average BMD of each age) was calcu-
lated by the software installed in the Lunar DPX-L,
based on 20000 Japanese women’s data. This score was
used to cancel the effects of body size and age on BMD.
Values for results were expressed as means � SEM.
Differences of BMD Z scores between the group with
oral exostoses (palatal, mandibular, or maxillary tori)
and the group without any exostosis were examined
statistically, using Student’s t-text (unpaired, two-sided
test). The data analysis was performed using StatView
software (SAS, Cary, NC, USA). A P value of less than
0.05 was considered statistically significant.

Results

Forty-four female patients (aged 57 to 98 years; aver-
age, 74.0 � 1.2 years) matched our criteria. Fifteen
subjects (34.1%) had palatal tori, 15 (34.1%) had
mandibular tori, 13 (29.5%) had maxillary tori, and 16
(36.4%) had no exostosis (controls). Several subjects
had two or more tori. There was no association between
the existence of oral exostoses and body mass index
(BMI) (Table 1). The subjects with palatal tori (n � 15)
had a higher femoral BMD (Z score) than controls (n �
14) (0.580 � 0.213 vs �0.271 � 0.182; P � 0.0054). The
subjects with palatal tori (n � 12) also had a higher
BMD (Z score) than controls (n � 12) at the radius
(0.417 � 0.235 vs �0.533 �0.294; P � 0.0194). In addi-
tion, the subjects with mandibular tori (n � 13) had a
higher femoral BMD (Z score) than controls (n � 14)

(0.569 � 0.242 vs �0.271 � 0.182; P � 0.0097). On the
other hand, the effects of mandibular tori on the radius
BMD (Z score) and the effects of maxillary tori on the
femoral and radius BMD (Z score) were not statistically
significant, although the difference between the groups
appeared to show the same trend of higher BMD for
those with tori (Table 2). Bone mineral content (BMC)
was not different among the groups in this study (data
not shown).

Discussion

It has been reported that environmental factors could
induce mandibular tori. Mechanical stress such as oc-
clusal force may be a factor leading to mandibular tori.2

On the other hand, it has been suggested that genetic
factors play a major role in the development of palatal
tori, rather than environmental factors.3 In the present
study, there was a significant positive correlation be-
tween the presence of palatal tori and BMD at the
femur and radius. In addition, an identical correlation
was detected between the presence of mandibular tori
and femoral BMD. We did not include the lumbar spine
measurement of BMD in the present study because the
high prevalence of spinal deformity due to compression
fractures or osteoarthrosis in elderly people would con-
fuse the data analysis. Our results confirmed the previ-
ous observation by Hjertstedt et al.4 On the other hand,
we could not find a significant correlation between
mandibular tori and BMD at the radius or between the
presence of maxillary tori and BMD at the femur and
radius. These results suggest that some common mecha-

Table 1. Background data of the subjects

Groups Palatal tori Mandibular tori Maxillary tori Without exostosis All subjects
Number of subjects 15 15 13 16 44

Age (years; mean � SE) 70.2 � 1.1 71.6 � 1.2 76.6 � 2.6 74.5 � 2.2 74.0 � 1.2
Height (cm; mean � SE) 149.5 � 1.7 149.9 � 1.7 149.6 � 1.5 148.3 � 1.2 149.1 � 0.9
Weight (kg; mean � SE) 51.1 � 3.1 51.2 � 3.5 53.4 � 3.1 48.5 � 2.1 49.7 � 1.4
BMI (mean � SE) 23.2 � 0.9 22.7 � 1.2 22.5 � 0.9 21.5 � 0.8 22.3 � 0.6

Some subjects had two or more tori
BMI, body mass index

Table 2. Correlation between exostoses and BMD

Palatal tori Mandibular tori Maxillary tori Without exostosis

BMD site Z score P value Z score P value Z score P value Z score

Femur 0.580 � 0.213 0.0054* 0.569 � 0.242 0.0097* 0.317 � 0.275 0.0798 �0.271 � 0.182
Radius 0.417 � 0.235 0.0194* 0.175 � 0.124 0.0766 0.250 � 0.245 0.0745 �0.533 � 0.294

* P values less than 0.05 compared with controls
Data values are means � SE
BMD, bone mineral density
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nisms are involved in the elevation of skeletal BMD and
the occurrence of oral exostoses, but the effect varies
according to the sites of tori. Although a total body scan
was not performed, whole-body BMD data would be
helpful to consider whether the oral exotoses would
affect systemic BMD or whether the effects would be
site-specific.

Mechanical loading is known to be important to
attain and keep bone mineral density.5 The femur is
a weight-bearing bone, whereas the radius is a non-
weight-bearing bone. From the results presented here,
we speculate that the sensitivity of bone for mechanical-
stress-induced bone gain may be determined geneti-
cally, and this genetic trait is highlighted at specific sites
in the skeletal system, i.e., weight-bearing bones.

Recently, it was reported that a point mutation in the
low-density lipoprotein (LDL)-receptor-related protein
5 (LRP5) gene caused high bone density, and all of the
affected subjects had palatal tori.6 This mutation pre-
vents the antagonistic effects of Dickkopf on LRP5 and
is assumed to augment the Wingless (Wnt) signal
toward bone formation. On the other hand, loss-
of-function type mutations in the LRP5 gene were
reported to cause the autosomal recessive disorder
osteoporosis-pseudoglioma syndrome.7 Our results pre-
sented here in this report showed the association of
higher BMD with palatal tori in unrelated general popu-
lation subjects, suggesting the pivotal roles of LRP5
and related genes in both phenomena. Elucidation of
the interplay of genetic factors, including LRP5 gene
polymorphisms, and mechanical stress would provide us
with a novel way to prevent and treat osteoporosis.
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