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Oral Tori Are Associated With Local
Mechanical and Systemic Factors: A Case-

Control Study
Matthew Daniel Morrison, DMD, MSc,* and

Faleh Tamimi, BDS, PhD†

Purpose: To estimate if various dental factors, medications, and medical conditions are associated with
an increased risk for the presence of oral tori.

Materials and Methods: Using a case-control study design, the investigators identified and adjudicated a
sample of cases with torus palatinus (TP) and/or torus mandibularis (TM) during a 1.5-year period. The
medical records were abstracted and data on dental factors, temporomandibular dysfunction (TMD), medi-
cations, and medical conditions were recorded. Risk estimates were calculated as adjusted odds ratios (AORs)
with 95% confidence intervals (CIs) using conditional logistic regression analyses, and the P value was set at .05.

Results: The sample was composed of 66 subjects with TM, 34 subjects with TP, and 100 control
subjects from the same database. Any form of oral torus (TP and/or TM) was associated significantly with
TMD (AOR, 10.51; 95% CI, 4.46 to 24.78; P � .01) and tooth attrition (AOR, 5.22; 95% CI, 2.32 to 11.77;
P � .01). TP was associated significantly with TMD (AOR, 4.14; 95% CI, 1.21 to 14.21; P � .05), tooth
attrition (AOR, 38.18; 95% CI, 7.20 to 202.41; P � .01), and treated hypertension (AOR, 6.64; 95% CI,
1.31 to 33.57; P � .05). TM was associated significantly with TMD (AOR, 5.77; 95% CI, 2.38 to 13.98;
P � .01), tooth attrition (AOR, 6.69; 95% CI, 2.78 to 16.14; P � .01), and a penicillin allergy (AOR, 4.45;
95% CI, 1.05 to 18.83; P � .05).

Conclusions: This study provides clinical evidence showing significant associations between oral tori
and various dental factors, medications, and medical conditions. These findings add to the list of
environmental factors believed to contribute to the formation of oral tori.
© 2013 American Association of Oral and Maxillofacial Surgeons
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he control of bone quantity and quality in the oral
nvironment is essential for the success of dental
mplantation and bone and soft tissue grafting pro-
edures. Much research has been dedicated to de-
eloping new surgical techniques and materials for
lveolar ridge augmentation. Interestingly, the body
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an produce its own ectopic oral bone, as seen
ith oral tori, but this process is poorly under-

tood.
Two of the most common oral exostoses are the

orus palatinus (TP) and the torus mandibularis (TM).
ral tori are benign developmental anomalies, or
amartomas, having no pathologic significance and
onsisting of dense cortical bone with a limited
mount of bone marrow.1,2 The TP is found on the

midline of the hard palate, and the TM appears on
the lingual aspect of the mandible, above the my-
lohyoid line, in the canine/premolar region.2 These

ony outgrowths are covered by a thin and poorly
ascularized mucosa. They tend to grow slowly and
ontinuously, but have been found to stop growing
pontaneously in the absence of teeth.2 Oral tori
re usually discovered incidentally during a routine
linical examination because they rarely produce
ymptoms.3

The prevalence of oral tori has been reported to
be 12% to 15%.4,5 A strong association has been
found between the TP and the TM, whereby 50% of

subjects with a TM had a concurrent TP and 30%
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MORRISON AND TAMIMI 15
of subjects with a TP also had a TM.4 The growth of
these bony lesions typically begins during puberty,
but may begin as late as 30 to 50 years old, and they
slowly enlarge into adulthood.6 The TP and TM are
generally first noticed in older subjects, at an aver-
age age of 34 to 39 years old.4,5 Furthermore, the
TP has been found to appear more frequently in
women, whereas the TM is more common in
men.4,5,7,8

Surgical removal is often not necessary for an oral
torus unless it has reached a size large enough to
interfere with speech, mastication, the construction
of a dental prosthesis, or if it is prone to traumatic
ulceration. In cases of severe periodontal disease, the
removal of oral tori may be recommended to enhance
periodontal pocket elimination and to allow better
access for oral hygiene.1 In addition, these lesions
may be excised for clinical crown lengthening, for
site preparation before removable denture fabrica-
tion, or to obtain heterogeneous bone for grafting
purposes.9-11

Insight into the process of ectopic oral bone
formation, as with oral tori, could assist in devel-
oping less invasive methods for alveolar ridge aug-
mentation and the natural enhancement of bone
quality for dental implant placement. However, an
accepted mechanism for the development of oral
tori is not known despite the high prevalence of
these bony outgrowths. The exact etiology of oral
tori has eluded investigators for decades, but it is
believed that the trait (TP and/or TM) is expressed
when a certain threshold of genetic and local envi-
ronmental factors is surpassed.4,5,8,10,12-21 Histori-
ally, studies on the etiology of these bony lesions
ave focused on genetic and environmental influ-
nces, but have neglected to investigate the broad
cope of interdependent factors involved in bone
etabolism. The purpose of this investigation was

o undertake a broader assessment of potential en-
ironmental influences and, in doing so, address the
ollowing question: in subjects with oral tori, are
here associations with various dental factors, med-
cations, and medical conditions compared with
ontrol subjects? The authors hypothesized that the
resence of oral tori would be associated with a
reater risk for tooth attrition, temporomandibular
ysfunction (TMD), medical conditions, and certain
harmacologic agents compared with the absence
f oral tori. To test this hypothesis, the authors

mplemented a case-control study.

Materials and Methods

A case-control study was conducted using subjects
attending the McGill University Undergraduate Teach-

ing Clinic, Faculty of Dentistry, at the Montreal Gen-
eral Hospital. This study followed the Declaration of
Helsinki on medical protocol and ethics, and approval
was granted from the ethics committee of the McGill
University Health Center, Montreal, Quebec. The
electronic dental records of the subjects were
searched and the original hard copy files were re-
trieved for manual examination. The study period was
from July 1, 2010, to January 30, 2012.

CASE DEFINITION AND VALIDATION

The authors identified subjects who had a TP
and/or a TM as recorded in the computerized data-
base during the study period. A TP was recorded as
present when an asymptomatic bony outgrowth was
clinically visible on the midline of the hard palate,
consistent with the typical presentation.2 A TM was
ecorded when an asymptomatic bony outgrowth
as clinically visible on the lingual aspect of the
andible in the canine/premolar region, consistent
ith the typical presentation.2 Subjects were ex-

luded from the case group if the dental records did
ot describe intra- and extraoral examinations, a full
edical history, a list of current and previous medi-

ations, details for any parafunctional habits, and a
omplete odontogram.

CONTROLS

Control subjects matched to cases by entry date,
gender proportion, and age range were selected from
the computerized database within the same study
period. Subjects were excluded from the control
group if they had an oral torus. Furthermore, subjects
were excluded if the dental records did not describe
intra- and extraoral examinations, a full medical his-
tory, a list of current and previous medications, details
for any parafunctional habits, and a complete odon-
togram.

MEASUREMENTS

The following measurements were recorded: age,
gender, hypertension, hypothyroidism, type 1 or 2
diabetes mellitus, respiratory problems (asthma and
obstructive sleep apnea), periodontal disease, penicil-
lin allergy, anxiety/depression, smoking habit, TMD,
and signs of tooth attrition. A history of periodontal
disease was recorded for any subject having an overall
periodontal screening and recording score of 3 or 4.22

Signs of tooth attrition were noted for clinically evi-
dent, atypical wear patterns on incisal edges and cusp
tips, consistent with attrition resulting from parafunc-
tion.23-25 Evidence of TMD was determined according
o established diagnostic guidelines.26-29 These

signs and symptoms included uni- or bilateral click-
ing and/or crepitus of the temporomandibular
joint(s) and/or tenderness to palpation of the preau-

ricular area and muscles of mastication. Typical
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16 FACTORS ASSOCIATED WITH ORAL TORI
pharmacologic agents observed included antihyper-
tension medications, thyroid hormone replacement
medications, antihyperglycemics, �2-adrenergic re-
ceptor agonists (as used for the treatment of
asthma), continuous positive airway pressure (as
used for the treatment of obstructive sleep apnea),
anxiolytics, and antidepressants.

STATISTICAL ANALYSES

The authors conducted conditional logistic regression
analyses using IBM SPSS Statistics 19 (SPSS, Inc, Chicago,
IL). Risk estimates were presented as odds ratios (ORs)
with 95% confidence intervals (CIs). The ORs were
adjusted for the potential confounders of age, gender,
hypertension, hypothyroidism, type 1 or 2 diabetes mel-
litus, respiratory problems (asthma and obstructive
sleep apnea), periodontal disease, penicillin allergy, anx-
iety/depression, smoking habit, TMD, and signs of tooth
attrition. P values were 2-sided and were considered
statistically significant if less than .05.

Results

In searching the computerized medical records,
236 subjects were identified as having some form of
torus. Those who satisfied the case selection criteria
included 34 subjects with TP and 66 subjects with
TM, of which 17 subjects had TP and TM concur-
rently. From the same database, 211 subjects were
identified as not having any form of torus within the
study period, and 100 of these subjects met the con-
trol selection criteria.

The characteristics of the case and control groups
are presented in Table 1, and the unadjusted ORs
re listed in Table 2. Case subjects showed a higher

prevalence of tooth attrition and TMD compared

Table 1. FREQUENCIES OF CHARACTERISTICS OF CASE

Characteristics

Controls TP

Percentage (95% CI) Perc

Age (yr) 53.6 (50.9-56.3) 47
Men 51 (41-61) 4
mokers 8 (3-13)
ttrition 23 (15-31) 5
MD 14 (7-21) 4
eriodontal disease 43 (33-53) 3
ypertension 21 (13-29) 2
enicillin allergy 5 (1-9)
espiratory problem 4 (0-8)
ypothyroidism 3 (0-6)
iabetes mellitus 8 (3-13)
nxiety/depression 4 (0-8)

bbreviations: CI, confidence interval; TM, torus mandibul

Morrison and Tamimi. Factors Associated With Oral Tori. J Oral
with control subjects (Table 1). Subjects with tooth .
attrition and TMD displayed an increased risk for
the presence of oral tori, and those with hypothy-
roidism showed an increased risk for the presence
of TP (Table 2). Case subjects did not differ from
controls in age, gender, smoking status, hyperten-
sion, periodontal disease, penicillin allergy, type 1
or 2 diabetes mellitus, respiratory problem, or anx-
iety/depression.

Case subjects with any form of torus (TP and/or
TM) had an age range of 12 to 87 years (mean, 47.2 �
4.4 years; Table 1). Of the 100 subjects with a torus,
41 (41 � 10%) were male. Subjects with TMD (ad-
usted ORs [AORs], 10.51; 95% CI, 4.46 to 24.78; P �
01) and tooth attrition (AOR, 5.22; 95% CI, 2.32 to
1.77; P � .01) showed an increased risk for the
resence of any form of oral torus (TP and/or TM; Fig

1). No other subject characteristics assessed were
associated with an increased risk for the presence of
any form of oral torus (TP and/or TM).

Subjects with TP had an age range of 14 to 83 years
(mean, 44.5 � 7.8 years; Table 1). Of the 34 subjects
with TP, 11 (32 � 17%) were male. The subjects with
tooth attrition (AOR, 38.18; 95% CI, 7.20 to 202.41;
P � .01), TMD (AOR, 4.14; 95% CI, 1.21 to 14.21;

� .05), and treated hypertension (AOR, 6.64; 95%
I, 1.31 to 33.57; P � .05) showed an increased risk

or the presence of TP (Fig 2). Interestingly, subjects
ith hypothyroidism (AOR, 6.54; 95% CI, 0.814 to

2.625; P � .08) also showed an increased risk for
aving TP, but not within the range of statistical
ignificance.

Subjects with TM had an age range of 12 to 83 years
mean, 47.3 � 4.7 years; Table 1). Of the 66 subjects
ith TM, 27 (41 � 11%) were male. The subjects with

ooth attrition (AOR, 6.69; 95% CI, 2.78 to 16.14; P �
01), TMD (AOR, 5.77; 95% CI, 2.38 to 13.98; P �

CTS VERSUS CONTROL SUBJECTS

or TM TP TM

(95% CI) Percentage (95% CI) Percentage (95% CI)

9-51.6) 44.5 (36.7-52.3) 47.3 (42.6-52.0)
51) 32 (16-49) 41 (30-52)
2) 6 (�2 to 14) 7 (2-13)
69) 62 (45-79) 58 (47-69)
54) 44 (27-62) 47 (36-58)
46) 32 (16-49) 37 (27-48)
31) 26 (11-42) 22 (13-31)
3) 3 (�3 to 9) 8 (2-15)
5) 6 (�2 to 14) 10 (3-16)
3) 15 (2-27) 6 (1-11)
) 3 (�3 to 9) 5 (0-10)
2) 6 (�2 to 14) 7 (2-13)

MD, temporomandibular dysfunction; TP, torus palatinus.

lofac Surg 2013.
SUBJE

and/

entage

.2 (42.
1 (31-
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01), and a penicillin allergy (AOR, 4.45; 95% CI, 1.05
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to 18.83; P � .05) showed an increased risk for the
presence of TM (Fig 3).

Discussion

The authors’ assumption was that subjects with an
oral torus would exhibit a greater prevalence of tooth
attrition and TMD, which have been linked with brux-
ism.23-25,30-33 They also expected to find associations

etween oral tori and treatment with pharmacologic
gents known for their bone-stimulating properties,
uch as antihypertension medications.34-36 These inves-

tigations examined dental factors, TMD, and systemic
factors, including treated hypertension,36,34 treated hy-
pothyroidism,37-40 smoking,41-43 periodontal disease,44

treated diabetes mellitus,45,46 penicillin allergy,47-49 and
treated anxiety/depression.50-52 Research has linked

Table 2. UNADJUSTED ODDS RATIOS FOR CHARACTER

n

TP and/or TM

n OR (95% CI)

Gender
Female 49 59 1.00
Male 51 41 0.67 (0.38-1.17)

Smokers
No 92 93 1.00
Yes 8 7 0.87 (0.30-2.49)

Attrition
No 77 41 1.00
Yes 23 59 4.81 (2.61-8.89)

TMD
No 86 66 1.00
Yes 14 44 4.83 (2.42-9.62)

Periodontal disease
No 57 64 1.00
Yes 43 36 0.746 (0.42-1.32)

Hypertension
No 79 77 1.00
Yes 21 23 1.12 (0.58-2.20)

Penicillin allergy
No 95 92 1.00
Yes 5 8 1.65 (0.52-5.24)

Respiratory problem
No 96 91 1.00
Yes 4 9 2.37 (0.71-7.98)

Hypothyroidism
No 97 92 1.00
Yes 3 8 2.81 (0.72-10.92

Diabetes mellitus
No 92 95
Yes 8 5 0.61 (0.19-1.92)

Anxiety/depression
No 96 93 1.00
Yes 4 7 1.81 (0.51-6.38)

Abbreviations: CI, confidence interval; OR, crude odds ratio
TP, torus palatinus.

*Statistically significant (P � .05).

Morrison and Tamimi. Factors Associated With Oral Tori. J Oral
ach of these systemic factors with alterations in bone
etabolism.12,36-54 Other factors studied included age,
ender, and respiratory problems (asthma and obstruc-
ive sleep apnea).

Although numerous studies have observed a link
etween oral tori and bruxism,4,12-17 few studies have

shown an association between oral tori and TMD.16,17

Bruxism, the grinding and clenching of teeth, is a
frequently cited contributory factor for the develop-
ment of tooth attrition23-25,55 and TMD.30-32 Tooth
attrition has also been found to have some predictive
value for differentiating subjects with TMD from con-
trols.33,56,57 A case-control study that showed an in-
creased prevalence of TM in subjects with TMD16 did
so by controlling for age, gender, and the presence of
bruxism. Another case-control study showed a higher
prevalence of TM in subjects with TMD,17 but did not
calculate the AORs or control for factors other than

OF CASE SUBJECTS VERSUS CONTROL SUBJECTS

TP TM

n OR (95% CI) n OR (95% CI)

23 1.00 36 1.00
11 0.46 (0.20-1.04) 30 0.80 (0.43-1.49)

32 1.00 61 1.00
2 0.72 (0.15-3.56) 5 0.94 (0.29-3.02)

13 1.00 28 1.00
21 5.41 (2.35-12.45)* 38 4.54 (2.31-8.92)*

19 1.00 37 1.00
15 4.85 (2.01-11.71)* 29 4.82 (2.29-10.14)*

23 1.00 41 1.00
11 0.63 (0.28-1.44) 25 0.81 (0.43-1.53)

25 1.00 52 1.00
9 1.35 (0.55-3.33) 14 1.01 (0.47-2.17)

33 1.00 59 1.00
1 0.58 (0.07-5.11) 7 2.25 (0.68-7.43)

32 1.00 59 1.00
2 1.50 (0.26-8.58) 7 2.85 (0.80-10.15)

29 1.00 63 1.00
5 5.58 (1.26-24.74)* 3 1.54 (0.30-7.87)

31 1.00 64 1.00
1 0.35 (0.04-2.89) 4 0.74 (0.21-2.57)

32 1.00 61 1.00
2 1.50 (0.26-8.58) 5 1.97 (0.51-7.61)

torus mandibularis; TMD, temporomandibular dysfunction;

lofac Surg 2013.
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age and gender. The present study showed strong
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associations between the presence of oral tori (TP
and/or TM) and tooth attrition and TMD. These find-
ings indirectly indicate that individuals with bruxism,
which is known to cause tooth attrition23-25 and is
implicated in the development of TMD,30-32,55 are
more likely to develop oral tori. The present study is
the first to identify statistically significant associations
between oral tori and tooth attrition and between oral
tori and TMD while controlling for numerous dental

FIGURE 1. Summary and forest plot for associations between the
and subjects’ characteristics. AOR, adjusted odds ratio; CI, confid

Morrison and Tamimi. Factors Associated With Oral Tori. J Oral

FIGURE 2. Summary and forest plot for associations between the p
odds ratio; CI, confidence interval; TMD, temporomandibular dysf
Morrison and Tamimi. Factors Associated With Oral Tori. J Oral Maxil
and systemic factors. These findings are significant in
that they show a link between local mechanical
stresses and ectopic bone formation in the oral cavity.

Human bone metabolism is influenced by various
cells produced in the bone marrow, including human
mesenchymal stem cells, osteoblasts, osteoclasts, stro-
mal cells, and adipocytes. In chronic diseases, such as
osteopenia and osteoporosis, the balance between
these cell types can be shifted to favor an overall

ce of any form of torus (torus palatinus and/or torus mandibularis)
terval; TMD, temporomandibular dysfunction.

lofac Surg 2013.

e of a torus palatinus and subjects’ characteristics. AOR, adjusted
.

presen
ence in
resenc
unction
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MORRISON AND TAMIMI 19
catabolic state in bone.58-60 The sympathetic nervous
ystem innervates bone tissue, and it has been shown
hat its activity inhibits bone formation.61 Accord-

ingly, drugs that inhibit the activity of the sympathetic
nervous system, such as antihypertension medications,
have been shown to counteract this catabolic state and
increase bone mineral density (BMD) and bone forma-
tion.34-36,62 Furthermore, it has been shown that sub-
ects with a greater overall BMD are more likely to have
n oral torus.54 The present study is the first to observe

such an association between treated hypertension and
the presence of an oral torus. These findings may ex-
plain the observed association between subjects with
treated hypertension and the presence of a TP.

The thyroid gland and its hormones, key compo-
nents of the endocrine system, strongly affect bone
metabolism.37-40,63,64 In subjects with hyperthyroid-
ism, bone is characterized by high turnover, and this
condition, if left untreated, gradually decreases BMD.
This is because thyroid hormones stimulate bone-
resorptive and bone-formative processes. Hyperthy-
roidism establishes an overall negative bone balance
because of a more pronounced stimulation of bone
resorption.63 Conversely, hypothyroidism has been
ound to produce the opposite effect, whereby a lack
f thyroid hormones results in stronger and thicker
rabecular bone with more closely spaced trabecu-
ae.65 Hypothyroidism decreases the recruitment,

aturation, and activity of bone cells, leading to de-
reased bone resorption and a net positive bone bal-
nce.66 In the present study, a relation was found

FIGURE 3. Summary and forest plot for associations between th
adjusted odds ratio; CI, confidence interval; TMD, temporomandib

Morrison and Tamimi. Factors Associated With Oral Tori. J Oral
between hypothyroidism and the presence of a TP, s
although statistical significance was not achieved. Be-
cause of the tendency for a positive bone balance in
hypothyroidism, it may be expected that subjects
with this condition would be more likely to have an
oral torus. The present observed association between
hypothyroidism and the presence of a TP was inter-
esting (close to significant, P � .08) in that it is the
first such observation relating the endocrine system
to ectopic oral bone formation.

Research in the field of osteoimmunology has sug-
gested that a close interplay exists between the im-
mune and skeletal systems.47-49 Maintenance of skel-
tal integrity requires a balance between bone
esorption and bone apposition.67 This process of

bone turnover is affected by multiple factors, includ-
ing some that are secreted by the antigen-stimulated
immune cells.47 Subjects with excessive activation of
he immune cells, as in arthritis, develop generalized
nd localized bone destruction, which can progress
oward osteoporosis.47,49 Conversely, low-grade hy-

peractivity of the immune system, as occurs in sub-
jects with allergies, may actually stimulate bone for-
mation.68,69 It has been shown that, in addition to
immunoglobulin E antibodies, cytokines such as inter-
leukin-4, interleukin-13, and interferon-� (IFN-�) play
important roles in penicillin allergy.68 Recent re-
search has shown that IFN-� is necessary for the

steogenic differentiation of human mesenchymal
tem cells in vitro and for the maintenance of BMD in
ivo, suggesting a potential role of IFN-� in bone

formation in vivo.69 It could thus be expected that

ence of a torus mandibularis and subjects’ characteristics. AOR,
ysfunction.

lofac Surg 2013.
e pres
ular d
ubjects known to have increased levels of IFN-�, as in
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20 FACTORS ASSOCIATED WITH ORAL TORI
subjects with a penicillin allergy,68 may be more likely
o have greater bone accrual leading to the develop-
ent of an oral torus. Associations between altered

mmune function and the appearance of oral exosto-
es and tori have been suggested, but they have not
een corroborated by statistical evidence.70 In the

present study, the authors identified a statistically
significant association between a penicillin allergy
and the presence of TM. The present study is the first
to provide statistical evidence for such an association
between the immune system and ectopic bone for-
mation in the oral environment.

Differences in the embryologic origins of the man-
dible and the maxilla result in distinct vascular and
nerve supplies, which may account for the dissimilar-
ities in how the bone in these areas responds to
stress.71,72 The well-known biological differences are
he patterns of bone resorption that differ in the
andible and the maxilla, with alveolar ridge resorp-

ion occurring at a greater rate in the mandible de-
pite a greater BMD.73,74 Blood supply to the palate75

and mandible76 is regulated by sympathetic and para-
ympathetic efferent nerves, but dissimilarities in
heir responsiveness, and the resulting effects on
one metabolism, have not been thoroughly studied.
uch differences may account for the present ob-
erved discrepancies in the response of maxillary
one (as with TP) and mandibular bone (as with TM)
o antihypertension medications, low-grade immune
ystem hyperactivity, and local mechanical stresses.
urther research on the vascular and nerve supplies to
he maxilla and the mandible is necessary to elucidate
he nature of these differences.

A limitation of this study was that the retrospective
esign did not allow the determination of a cause-
ffect relation between oral torus formation and the
arious factors studied. A smaller proportion of con-
rol subjects compared with case subjects also limited
he study. Because of the study design, it was not
ossible to support evidence for TMD with imaging
echniques, such as computed tomography or mag-
etic resonance imaging. Furthermore, the authors
ere unable to assess the duration of the subjects’

reatment with medications because the electronic
ecords did not always include this information. How-
ver, this shortcoming is inherent in the case-control
tudy design, whereby the accuracy of subjects’ med-
cal records may be questioned. To strengthen the
nterpretive value of the present results, the authors
et the exposure status to include not only medica-
ions but also smoking status, dental factors, and var-
ous medical conditions. For these reasons, the pres-
nt findings will need to be confirmed by future
arge-scale prospective cohort studies, with larger
ample sizes and a lower possibility of bias, allowing

or cause-effect relations to be established.
This article provides clinical evidence showing sig-
ificant associations between oral tori and various
ental and systemic factors. The authors’ intent was
ot to sway the debate on the etiology of oral tori, but
ather to elucidate additional systemic and local envi-
onmental factors believed to contribute to the for-
ation of oral tori. The authors found indirect sup-
ort for the role of bruxism, with evidence of tooth
ttrition and patient reports, in the development of
ral tori. The authors also found a strong association
etween the presence of TMD and the presence of
ral tori. A significant association was observed be-
ween treated hypertension and the presence of TP.
he authors identified a significant association be-

ween a penicillin allergy (low-grade hyperactivity of
he immune system) and the presence of TM. Overall,
his work has identified relations between ectopic
ral bone formation and local mechanical factors, the
ympathetic nervous system, and the immune system.
owever, additional observational studies and con-

rolled trials are needed to confirm these potentially
mportant findings.

Future research may involve a broader assessment
f systemic influences on the formation of oral tori.
tudies may also be undertaken to investigate the
ffects of directed mechanical stress application—
imulating that produced during bruxism—on alveo-
ar bone quality and quantity. The present study pro-
ides much needed information on the influences of
ental and systemic factors on ectopic bone forma-
ion in the oral cavity. This information may help to
dentify, in genetically susceptible individuals, meth-
ds to enhance bone quality for dental implant place-
ent and/or alternatives to invasive surgical alveolar

idge augmentation procedures.

cknowledgments

The authors acknowledge Dr Jeffrey Myers and Dr Peter Chauvin
for their contributions.

References
1. Brunsvold MA, Kaiser DA, Faner RM: Recurrence of mandibular

tori after surgical removal: Two case reports. J Prosthodont
4:164, 1995

2. García-García AS, Martínez-González JM, Gómez-Font R, et al:
Current status of the torus palatinus and torus mandibularis.
Med Oral Patol Oral Cir Bucal 15:E353, 2010

3. Pynn BR, Kurys-Kos NS, Walker DA, et al: Tori mandibularis: A
case report and review of the literature. J Can Dent Assoc
61:1057, 1995

4. Al-Bayaty HF, Murti PR, Matthews R, et al: An epidemiological
study of tori among 667 dental outpatients in Trinidad &
Tobago, West Indies. Int Dent J 51:300, 2001

5. Bruce I, Ndanu TA, Addo ME: Epidemiological aspects of oral
tori in a Ghanaian community. Int Dent J 54:78, 2004

6. MacInnis EL, Hardie J, Baig M, et al: Gigantiform torus palati-
nus: Review of the literature and report of a case. Int Dent J
48:40, 1998

7. Antoniades DZ, Belazi M, Papanayiotou P: Concurrence of

torus palatinus with palatal and buccal exostoses: Case report



MORRISON AND TAMIMI 21
and review of the literature. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 85:552, 1998

8. Reichart PA, Neuhaus F, Sookasem M: Prevalence of torus
palatinus and torus mandibularis in Germans and Thai. Com-
munity Dent Oral Epidemiol 16:61, 1988

9. Moraes Junior EF, Damante CA, Araujo SR: Torus palatinus: A
graft option for alveolar ridge reconstruction. Int J Periodontics
Restorative Dent 30:283, 2010

10. Sonnier KE, Horning GM, Cohen ME: Palatal tubercles, palatal
tori, and mandibular tori: Prevalence and anatomical features in
a U.S. population. J Periodontol 70:329, 1999

11. Barker D, Walls AW, Meechan JG: Ridge augmentation using
mandibular tori. Br Dent J 190:474, 2001

12. Eggen S, Natvig B: Relationship between torus mandibularis
and number of present teeth. Scand J Dent Res 94:233, 1986

13. Eggen S: Correlated characteristics of the jaws: Association
between torus mandibularis and marginal alveolar bone height.
Acta Odontol Scand 50:1, 1992

14. Eggen S: Torus mandibularis: An estimation of the degree of
genetic determination. Acta Odontol Scand 47:409, 1989

15. Kerdpon D, Sirirungrojying S: A clinical study of oral tori in
southern Thailand: Prevalence and the relation to parafunc-
tional activity. Eur J Oral Sci 107:9, 1999

16. Sirirungrojying S, Kerdpon D, Songkhla H: Relationship be-
tween oral tori and temporomandibular disorders. Int Dent J
49:101, 1999

17. Clifford T, Lamey PJ, Fartash L: Mandibular tori, migraine and
temporomandibular disorders. Br Dent J 180:382, 1996

18. Neville BW, Damm D, Allen D, et al. Oral and Maxillofacial
Pathology. Philadelphia, PA, WB Saunders, 2009, pp 21-23

19. Hassett B: Torus mandibularis: Etiology and bioarcheological
utility. Dent. Anthropologist 19:1, 2006

20. Haugen LK: The tori of the human jaw skeleton. Antropolo-
giske Skrifter nr 4, Oslo, Norway, Anatomisk Institutt Univer-
sitetet I Oslo, 1990, pp 1-159

21. Seah YH: Torus palatinus and torus mandibularis: A review of
the literature. Aust Dent J 40:318, 1995

22. American Academy of Periodontology: Periodontal Screening
and Recording Training Program Kit. American Dental Associ-
ation and American Academy of Periodontology, Chicago, IL,
1992

23. Tsiggos N, Tortopidis D, Hatzikyriakos A, et al: Association
between self-reported bruxism activity and occurrence of den-
tal attrition, abfraction, and occlusal pits on natural teeth. J
Prosthet Dent 100:41, 2008

24. Khan F, Young WG, Daley TJ: Dental erosion and bruxism. A
tooth wear analysis from south east Queensland. Aust Dent J
43:117, 1998

25. Marbach JJ, Raphael KG, Janal MN, et al: Reliability of clinician
judgements of bruxism. J Oral Rehabil 30:113, 2003

26. De Boever JA, Nilner M, Orthlieb JD, et al: Recommendations
by the EACD for examination, diagnosis, and management of
patients with temporomandibular disorders and orofacial pain
by the general dental practitioner. J Orofac Pain 22:268, 2008

27. Dworkin SF, LeResche L: Research diagnostic criteria for tem-
poromandibular disorders: Review, criteria, examinations and
specifications, critique. J Craniomandib Disord 6:301, 1992

28. Lobbezoo F, van Selms MK, John MT, et al: Use of the research
diagnostic criteria for temporomandibular disorders for multi-
national research: Translation efforts and reliability assess-
ments in the Netherlands. J Orofac Pain 19:301, 2005

29. Albino JEN, Beck JD, Berkley KJ, et al: Management of tem-
poromandibular disorders. J Am Dent Assoc 127:1595, 1996

30. Israel HA, Diamond B, Saed-Nejad F, et al: The relationship
between parafunctional masticatory activity and arthroscopi-
cally diagnosed temporomandibular joint pathology. J Oral
Maxillofac Surg 57:1034, 1999

31. Johansson A, Unell L, Carlsson GE, et al: Gender difference in
symptoms related to temporomandibular disorders in a popu-
lation of 50-year-old subjects. J Orofac Pain 17:29, 2003

32. Güler N, Yatmaz PI, Ataoglu H, et al: Temporomandibular
internal derangement: Correlation of MRI findings with clinical
symptoms of pain and joint sounds in patients with bruxing

behaviour. Dentomaxillofac Radiol 32:304, 2003
33. Seligman DA, Pullinger AG, Solberg WK: The prevalence of
dental attrition and its association with factors of age, gender,
occlusion, and TMJ symptomatology. J Dent Res 67:1323, 1988

34. Graham S, Hammond-Jones D, Gamie Z, et al: The effect of
beta-blockers on bone metabolism as potential drugs under
investigation for osteoporosis and fracture healing. Expert
Opin Investig Drugs 17:1281, 2008

35. Turker S, Karatosun V, Gunal I: Beta-blockers increase bone
mineral density. Clin Orthop Relat Res 443:73, 2006

36. Sato T, Arai M, Goto S, et al: Effects of propranolol on bone
metabolism in spontaneously hypertensive rats. J Pharmacol
Exp Ther 334:99, 2010

37. Auwerx J, Bouillon R: Mineral and bone metabolism in thyroid
disease: A review. Q J Med 60:737, 1986

38. Franklyn JA, Betteridge J, Daykin J, et al: Long-term thyroxine
treatment and bone mineral density. Lancet 340:9, 1992

39. Langdahl BL, Loft AG, Eriksen EF, et al: Bone mass, bone
turnover and body composition in former hypothyroid patients
receiving replacement therapy. Eur J Endocrinol 134:702, 1996

40. Langdahl BL, Eriksen EF: The influence of thyroid hormones on
bone turnover in health and osteopetrosis. Eur J Endocrinol
139:10, 1998

41. Ward KD, Klesges RC: A meta-analysis of the effects of cigarette
smoking on bone mineral density. Calcif Tissue Int 68:259, 2001

42. Tamaki J, Iki M, Fujita Y, et al: Impact of smoking on bone
mineral density and bone metabolism in elderly men: The
Fujiwara-kyo Osteoporosis Risk in Men (FORMEN) study. Os-
teoporos Int 22:133, 2011

43. Wong PK, Christie JJ, Wark JD: The effects of smoking on bone
health. Clin Sci 113:233, 2007

44. Yoshihara A, Seida Y, Hanada N, et al: A longitudinal study of
the relationship between periodontal disease and bone mineral
density in community-dwelling older adults. J Clin Periodontol
31:680, 2004

45. Tuominen JT, Impivaara O, Puukka P, et al: Bone mineral
density in patients with type 1 and type 2 diabetes. Diabetes
Care 22:1196, 1999

46. Giacca A, Fassina A, Caviezel F, et al: Bone mineral density in
diabetes mellitus. Bone 9:29, 1988

47. Nakashima T, Takayanagi H: Osteoimmunology: Crosstalk between
the immune and bone systems. J Clin Immunol 29:555, 2009

48. Takayanagi H, Sato K, Takaoka A, et al: Interplay between
interferon and other cytokine systems in bone metabolism.
Immunol Rev 208:181, 2005

49. Takayanagi H: Osteoimmunology: Shared mechanisms and
crosstalk between the immune and bone systems. Nat Rev
Immunol 7:292, 2007

50. Coelho R, Silva C, Maia A, et al: Bone mineral density and
depression: A community study in women. J Psychosom Res
46:29, 1999

51. Schweiger U, Deuschle M, Körner A, et al: Low lumbar bone
mineral density in patients with major depression. Am J Psy-
chiatry 151:1691, 1994

52. Michelson D, Stratakis C, Hill L, et al: Bone mineral density in
women with depression. N Engl J Med 335:1176, 1996

53. Cayé-Thomasen P, Tos M: Penicillin reduces new bone forma-
tion in acute otitis media. Laryngoscope 109:1978, 1999

54. Hjertstedt J, Burns EA, Fleming R, et al: Mandibular and palatal
tori, bone mineral density, and salivary cortisol in community-
dwelling elderly men and women. J Gerontol A Biol Sci Med Sci
56:M731, 2001

55. Koyano K, Tsukiyama Y, Ichiki R, et al: Assessment of bruxism
in the clinic. J Oral Rehabil 35:495, 2008

56. Seligman DA, Pullinger AG: Analysis of occlusal variables,
dental attrition, and age for distinguishing healthy controls
from female patients with intracapsular temporomandibular
disorders. J Prosthet Dent 83:76, 2000

57. Seligman DA, Pullinger AG: Dental attrition models predict-
ing temporomandibular joint disease or masticatory muscle
pain versus asymptomatic controls. J Oral Rehabil 33:789,
2006

58. Chan GK, Duque G: Age-related bone loss: Old bone, new

facts. Gerontology 48:62, 2002



22 FACTORS ASSOCIATED WITH ORAL TORI
59. Fu L, Tang T, Miao Y, et al: Stimulation of osteogenic differen-
tiation and inhibition of adipogenic differentiation in bone
marrow stromal cells by alendronate via ERK and JNK activa-
tion. Bone 43:40, 2008

60. Moerman EJ, Teng K, Lipschitz DA, et al: Aging activates adi-
pogenic and suppresses osteogenic programs in mesenchymal
marrow stroma/stem cells: The role of PPAR-gamma2 transcrip-
tion factor and TGF-beta/BMP signaling pathways. Aging Cell
3:379, 2004

61. Schlienger RG, Kraenzlin ME, Jick SS, et al: Use of beta-blockers
and risk of fractures. JAMA 292:1326, 2004

62. Choi YJ, Lee JY, Lee SJ, et al: Alpha-adrenergic blocker medi-
ated osteoblastic stem cell differentiation. Biochem Biophys
Res Commun 416:232, 2011

63. Eriksen EF, Mosekilde L, Melsen F: Trabecular bone remodeling
and bone balance in hyperthyroidism. Bone 6:421, 1985

64. Gogakos AI, Duncan Bassett JH, Williams GR: Thyroid and
bone. Arch Biochem Biophys 503:129, 2010

65. Lanham SA, Fowden AL, Roberts C, et al: Effects of hypothy-
roidism on the structure and mechanical properties of bone in
the ovine fetus. J Endocrinol 210:189, 2011

66. Eriksen EF, Mosekilde L, Melsen F: Kinetics of trabecular
bone resorption and formation in hypothyroidism: Evidence
for a positive balance per remodeling cycle. Bone 7:101,
1986
67. Raisz LG: Pathogenesis of osteoporosis: Concepts, conflicts,
and prospects. J Clin Invest 115:3318, 2005
68. Qiao HL, Liu JH, Yang J, et al: Relationships between skin test,
specific IgE and levels of cytokines in patients with penicillin
allergy. Int J Clin Pract 59:895, 2005

69. Duque G, Huang DC, Dion N, et al: Interferon-� plays a role in
bone formation in vivo and rescues osteoporosis in ovariecto-
mized mice. J Bone Miner Res 26:1472, 2011

70. Chaudhry SI, Tappuni AR, Challacombe SJ: Multiple maxillary
and mandibular exostoses associated with multiple dermatofi-
bromas: A case report. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 89:319, 2000

71. Lee SK, Kim YS, Oh HS, et al: Prenatal development of the
human mandible. Anat Rec 263:314, 2001

72. Diewert VM: Development of human craniofacial morphology
during the late embryonic and early fetal periods. Am J Orthod
88:64, 1985

73. Tallgren A: The continuing reduction of the residual alveolar
ridges in complete denture wearers: A mixed-longitudinal
study covering 25 years. J Prosthet Dent 27:120, 1972

74. Devlin H, Horner K, Ledgerton D: A comparison of maxillary
and mandibular bone mineral densities. J Prosthet Dent 79:323,
1998

75. Izumi H, Ito Y: Sympathetic attenuation of parasympathetic
vasodilatation in oro-facial areas in the cat. J Physiol 510:915,
1998

76. Cherruau M, Morvan FO, Schirar A, et al: Chemical sympathec-
tomy-induced changes in TH-, VIP-, and CGRP-immunoreactive

fibers in the rat mandible periosteum: Influence on bone re-
sorption. J Cell Physiol 194:341, 2003


	Oral Tori Are Associated With Local Mechanical and Systemic Factors: A Case-Control Study
	Materials and Methods
	Case Definition And Validation
	Controls
	Measurements
	Statistical Analyses

	Results
	Discussion
	Acknowledgments
	References


