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Abstract

Objectives Tori are frequent paucisymptomatic bony out-
growths of the oral cavity in three locations: torus palatinus
(TP), mandibularis (TM), and maxillaris (TMax). Their usu-
ally described histological characteristics are unspecific: nor-
mal cortical bone with more or less trabecular bone. The aim
of this study was to describe tori’s specific morphological and
histomorphometric characteristics.

Materials and methods Histological characteristics in a se-
ries of 18 tori collected after surgical removal were ana-
lyzed. Microcomputed tomography provided a 3D analy-
sis. Mineral apposition rate (MAR) was measured after
double tetracycline labeling. Osteoid tissue was identified
by Goldner’s trichrome and osteoclasts by the tartrate re-
sistant acid phosphatase identification in undecalcified sec-
tions. Iron and aluminum were detected by histochemical
staining methods. Osteoid thickness and MAR were deter-
mined at the outer surface of the torus and in the Haversian
canals.
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Results Tori appeared made of lamellar Haversian bone in 16/
18 cases. Osteoid thickness did not differ between the outer
surface and within the canals. An asymmetric bone remodel-
ing was observed in the Haversian canals of 15 tori: osteoid
seams were deposited on the side close to the free torus sur-
face, and Howship’s lacunae with numerous osteoclasts were
observed on the opposite side. A high MAR was found at the
surface of the tori and within the canals. There was no iron or
aluminum deposit.

Conclusions Tori may be characterized by a specific asym-
metric bone remodeling which seems to determine their shape.
Clinical relevance This finding could constitute a specific
histological feature allowing to differentiate tori from
exostoses.

Keywords Torus - Bone remodeling - Exostoses -
Histomorphometry - Aluminum - Iron

Introduction

Tori are frequent and benign bony outgrowths of the oral
cavity. They are named after the Latin forus that means
“lump”. They are covered with a thin and poorly vascularized
mucosa [1, 2]. They present a slow and progressive growth
that may stop spontaneously [1]. A torus palatinus (TP) is
usually located at the palate, along the longitudinal ridge of
the hard palate on either side of the median raphe of the pal-
atine bone. A forus mandibularis (TM) is usually located at
the mandible (on the lingual side of the horizontal branch
above the mylohyoid line at the level of the premolar and/or
canine area) [1]. A less common form is forus maxillaris
(TMax) which is located at the maxilla (on the palatal or
vestibular side of the alveolar process of the maxilla) [2].
According to the anatomical location (TP, TM, or TMax),
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the clinical and epidemiological characteristics are not strictly
alike [2]. They are often bilateral but may be unilateral [3].
The general prevalence is about 10 to 30% and varies accord-
ing to ethnic groups, age, and gender [1, 4, 5]. Tori are more
frequent in some ethnic groups (Japanese, Caucasian,
Norwegian, Eskimos) [1, 3, 6]. The etiology remains un-
known and could be multifactorial. A genetic origin is the
most widely accepted theory today, but an autosomal domi-
nant inheritance explains only 30% of the cases [1, 2].
Environmental factors seem to play a role in the incidence of
tori. A mechanical origin due to occlusal stress is advocated to
explain the occurrence of TM [1, 3, 6]. An interplay between
genetic and environmental factors cannot be excluded [7].
Tori are frequently asymptomatic, and their surgical removal
is indicated in some cases, mainly, before dental prosthetic
rehabilitation, as a source of autogenous bone graft in implant
surgery or for patients’ desire (esthetic reasons or
cancerophobia) [1]. The usually described histological char-
acteristic is not specific: tori are composed of normal cortical
bone with more or less trabecular bone according to their size
[1, 7, 8]. The aim of the present study was to find tori’s spe-
cific characteristics by describing morphological and histolog-
ical bone characteristics in a series of human tori.
Microcomputed tomography (microCT), histology, and histo-
chemical were used to characterize the morphological aspect
of the tori.

Participants and methods
Participants

Tori were collected in three maxillo-facial surgery depart-
ments in Angers, Paris, and Tours (France). All patients un-
dergoing surgical removal of a torus between 2011 and 2015
were included. All participants had given their informed con-
sent before participating to the study. Clinical characteristics
are summarized in Table 1. Ten participants, 2 males, and 8
females were included. All participants were Caucasians. The
average age was 51.8 + 5.11 years. Tumors were removed in
one piece and fixed in formalin until use. They were then sent
to the bone histopathology unit of Angers University Hospital.

A double tetracycline labeling technique was used to mea-
sure mineral apposition rate (MAR) by osteoblasts [9].
Demethyl chlortetracycline (Alkonatrem®, Laboratoires
Genopharm, Saint-Thibault-des-Vignes, France) was given
at the dose of 600 mg, twice a day according to a strict sched-
ule: 2 days on, 10 days off, 4 days on. Surgical removal of the
torus was performed between 2 and 7 days after the end of the
second label (in order to avoid unspecific label on the eroded
surfaces). Samples were fixed immediately in formalin and
stored in a fridge until analysis.
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This experimental protocol was approved by the local eth-
ical committee of Angers University Hospital and was done in
accordance with the institutional guidelines of the French
Ethical Committee (protocol number 2016-31) and with the
1964 Helsinki declaration and its later amendments.

Microcomputed tomography

Samples were analyzed by microCT prior to histological em-
bedding. MicroCT allowing a 3D evaluation of these tumors
was performed using a Skyscan 1172 X-ray computerized
microtomograph (Bruker microCT, Kontich, Belgium)
equipped with an X-ray tube working at 70 kV/100 pA.
Bone samples were placed in plastic tubes filled with water
to prevent desiccation. The tube was fixed on a brass stub with
plasticine. Analysis was done with a pixel size corresponding
to 8.29 um; the rotation step was fixed at 0.25° with a 0.5-mm
aluminum filter. For each sample, a stack of 2D sections was
obtained and reconstructed using NRecon software (Bruker
microCT, Kontich, Belgium) and analyzed with CTAn soft-
ware release 1.13.11.0 (Bruker microCT, Kontich, Belgium).
The 3D reconstruction of the specimens was obtained with the
ANT and CTVol softwares (Bruker microCT, Kontich,
Belgium). The programs allowed reconstruction from the
stacks of 2D sections by either surface or volume rendering.

Histology

The size of the tori was determined according to Woo’s clas-
sification [8, 10]. Bone samples were embedded undecalcified
in poly(methyl methacrylate). Sections (7 pm in thickness)
were cut dry on a heavy-duty microtome equipped with 50°
tungsten carbide knives (Leica Polycut S, Rueil-Malmaison,
France). Sections were stained by Goldner’s trichrome for the
identification of osteoid. Histochemical identification of oste-
oclasts (bone resorbing cells) was done by the tartrate resistant
acid phosphatase (TRAcP) method [11]. The presence of iron
(Fe) and aluminum (Al) in tori was searched by histochemical
methods. The Perls’ Prussian blue and solochrome azurine
staining methods were used for the identification of Fe’* and
AP*, respectively [12]. These histochemical reactions were
done in cleaned glass vials, and the technicians never used
metallic forceps during the staining to avoid contamination.
Observations were performed at the cortical (outer) surface of
each torus (Ct.) and at the surface of the Haversian canal (Ca.).
The osteoid seam thickness was determined at the outer sur-
face of the torus (Ct.0.Th) and at the surface of the Haversian
canal (Ca.0.Th). The MARs were determined on unstained
10 um thick sections, at the outer surface of the torus (Ct.
MAR), and at the surface of the Haversian canal (Ca.MAR).
It was determined as the average value of the distance between
all double labels (four measurements at equidistant locations
per label) divided by the number of days between the given
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Table 1  Clinical characteristics

Torus Participant  Age Sex Side Bone Length (mm) Elevation (mm) Woo’s classification ~ Surgical indication ~ Shape
number (years)

1 1 39 M R Mandible 12 6 Small Prosthetic Round

2 1 39 M L Mandible 15 6 Medium Prosthetic Elongated

3 2 45 F R Mandible 9 6 Small Esthetic Round

4 2 45 F L Mandible 10 2 Small Esthetic Round

5 3 39 F L Maxilla 7 3 Small Esthetic Round

6 3 39 F L Maxilla 0.5 Small Esthetic Round

7 4 81 M L Mandible 1.5 1 Small Prosthetic Elongated

8 4 81 M L Mandible 1 1 Small Prosthetic Round

9 5 65 F R Mandible 3 Small Prosthetic Round

10 5 65 F L Mandible 2 Small Prosthetic Round

11 6 58 F R Mandible 22 5.5 Medium Prosthetic Elongated

12 6 58 F L Mandible 7 2 Small Prosthetic Round

13 7 57 F R Mandible 23 5 Medium Prosthetic Elongated

14 8 62 F R Mandible 7 4 Small Prosthetic Round

15 8 62 F L Mandible 8 5 Small Prosthetic Round

16 9 34 F R Mandible 18 3 Medium Esthetic Elongated

17 9 34 F R Mandible 8 3 Small Esthetic Round

18 10 30 F R Mandible 15 8 Medium Esthetic Round

doses of tetracycline. All histomorphometric measurements
and the nomenclature used follow the ASBMR (American
Society for Bone and Mineral Research) recommendations
[13].

Statistical analysis

Statistical analysis was performed using the Systat statistical
software release 13.1 (Systat Software Inc., San Jos¢, CA). All
data were expressed as mean = standard error of the mean
(SEM). Differences among groups were analyzed by a non-
parametric ANOVA (Kruskall-Wallis) and between groups by
the Mann and Whitney’s U test. Means were compared using
a paired ¢ test. Differences were considered significant when
p <0.05.

Results
Clinical characteristics

All participants underwent surgical removal of the tori before
prosthetic rehabilitation or for esthetical reasons (Table 1).
Eighteen tori from 10 participants were analyzed. They were
all localized on the internal (lingual) side of the horizontal
branch of the mandible, above the mylohyoid line, and at the
level of the canine and/or the first premolar except two that
were localized at vestibular side of the maxilla in one partic-
ipant. They all presented a convex shape in the oral cavity

(Fig. 1). Five tori presented an elongated shape, and 13 tori
presented a round shape. Tori were bilateral in five partici-
pants and were situated on the same side in three participants.
Tori were unique and unilateral in two participants. No TP
were enrolled in the present study.

Microcomputed tomography

The general globular shape of the tori was clearly identified
with a smooth free surface, and the implantation surface was
well differentiated (Fig. 2a). The software possibility to
threshold the internal porosity inside the torus revealed the
presence of numerous Haversian canals. The 3D orientation
of the canals was often in random directions in contrast to the
canalar orientation in the normal mandibular cortice which
runs in parallel (Fig. 2b). This aspect can be well identified
in the supplementary video.

Histological analysis

According to Woo’s classification, there were 13 small and 5
medium tori. The average length of the tori was
9.8 + 1.54 mm, and the average eclevation was
3.66 £ 0.5 mm. Under polarization microscopy, tori appeared
made of lamellar bone in 16/18 cases and the structure units
were true osteons with a central Haversian canal (Fig. 3a). In
2/18 tori, the bone texture was a mix of woven bone packed
with a small amount of lamellar bone. Histological analysis
revealed the presence of osteoid seams in two different
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Fig.1 aIntraoral view of a lingual torus mandibularis in a female patient
(arrow). b Sagittal CT scan section showing a lingual torus mandibularis
(arrow)

locations: at the external free surface of the torus and inside
the Haversian canals in 17/18 cases. Osteoid thickness was
similar at the surface of the tori and inside the canals (Ct.O.
Th: 12.0 £ 1.3 um; Ca.0.Th: 13.6 £ 0.7 um; p = 0.093)
(Table 2). The most intriguing aspect was the asymmetric
disposition of the osteoid seams which were laid on the canal
surface closest to the free torus surface in 15/18 tori of the
study (Fig. 3b). The opposite surface of the canal was fre-
quently occupied by Howship’s lacunae (Fig. 3b). TRAcP-
stained sections evidenced numerous true osteoclasts in this
location in 11/18 tori (Fig. 3¢). This corresponds to an active
and asymmetric bone remodeling observed in almost every
tori of the study.

In the six participants having received a double tetracycline
labeling, the mineralization rate was not statistically different
at the surface of the tori and inside the canals (Ct. MAR:
0.66 £ 0.12 um/day; Ca.MAR: 0.92 £ 0.09 um/day;
p = 0.121) (Fig. 3d). The Ca.MAR determined here was
higher (»p = 0.0001) than the normal MAR (0.72 + 0.12 um/

@ Springer

Fig. 2 MicroCT analysis. a 3D reconstruction showing the general
globular shape of a torus mandibularis (lingual view). b 3D
reconstruction showing the orientation of the numerous Haversian
canals in random directions in the same tori (/ingual view)

day) [14]. There was no difference between Ct. MAR and nor-
mal MAR (p = 0.2289) (Table 2). It attests high mineralization
rates in tori of the present study.

Fe’* and AI’* were not identified in the bone matrix of any
torus of the present study.

Discussion

In the literature, the most frequent indication for torus removal
is a prosthetic treatment or an interference with dental pros-
thesis; it was the same in the present study [1, 15]. Tori are also
frequently removed as a source of autogenous bone graft in
implant surgery [1, 15-19]. Other causes of excision are dis-
turbances of phonation, limitation of masticatory mechanics,
sensitivity due to a thin mucosa layer, inflammation, ulcer of
traumatic origin, retention of food remains, and patients’ de-
sire (esthetic reasons or cancerophobia) [1]. Other possible
complications due to the presence of tori are submandibular
calculi, bisphosphonate-related osteonecrosis, osteitis, osteo-
myelitis, and intubation difficulties [3, 20-26]. However, tori
remain frequently asymptomatic, and their removal is rarely
indicated [1, 27]. The indication for a surgical removal of tori
must be carefully established, since complications may occur:
infections, fractures, or hemorrhages. Specific complications
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Fig. 3 Histological analysis. a Torus section seen in polarized
microscopy showing normal cortical bone made of lamellar bone with
true osteons and a central Haversian canal. b Torus section stained by
Goldner’s trichrome showing the presence of osteoid seams in two
different locations: at the external free surface of the torus (green
arrow) and inside the Haversian canals (black arrows). Note the
asymmetric disposition of the osteoid seams which are laid on the canal

may also occur: neighboring teeth devitalization, palatine or
lingual nerves injuries, and salivary ducts injuries [1, 28].
Surgery is usually performed under local anesthesia, and a
general anesthesia is frequently required for TP excision [2].
The sub-periosteal detachment must provide a large operating
field. The lesion can be removed in one piece or not, using
osteotomes, burrs, and/or high speed turbines [1].

The overall prevalence of tori is variable and can reach 10
to 30% in some papers; it varies according to ethnic groups
and gender [1, 2, 4-6, 29—41]. Tori are more frequent in some
ethnic groups (Japanese, Caucasian, Norwegian, Indian, and
Eskimo) [1-3, 6]. The prevalence also increases with age [2,

Table 2 Comparison of histomorphometric measures

Normal Ca Ct
O.Th (um) <15 13.6 £0.7 120+13
MAR (um/day) 0.72 +£0.12 0.92 + 0.09* 0.66 +0.12

*Indicates a significant difference vs. normal MAR

surface closest to the free torus surface. The opposite surface of the canal
is occupied by Howship’s lacunae. ¢ TRAcP-stained section showing
asymmetric disposition of osteoclasts (arrow) which are laid on the canal
surface furthest to the free torus surface. d Torus section showing double
tetracycline labeling in the same locations as osteoid seams: at the exter-
nal free surface of the torus (white arrow) and on the Haversian canals
surface closest to the free torus surface (green arrow)

6]. TP seem to be more often present in females and TM in
males [1, 4]. According to the anatomic location, the overall
prevalence is about 20% for TP, 17% for TM, and 6% for
TMax in the general population [2]. They are frequently bilat-
eral in 80% of the cases [2]. TMax localized on the palatal side
are sometimes classified as TP by some authors [2].

The etiology remains unknown and could be multifactorial.
An embryological theory has been proposed to explain the origin
of TM with the existence of an alteration at the protruding medial
lamina and the bending Meckel’s cartilage formed during the
development of the mandible [42]. A genetic origin, with auto-
somal dominant inheritance, is the most widely accepted theory
today for TM, TP, and TMax [1-3]. However, a strictly genetic
inheritance is found only in 30% of the cases [1]. Furthermore, a
link between the occurrence of tori and genetic bone diseases has
been shown [43]. Mutations in the low-density lipoprotein
receptor-related protein 5 (LRP5) gene can result in
osteosclerosis and may lead to a thickened or an elongated man-
dible with the occurrence of tori [44, 45]. Tori are also a charac-
teristic of the Gardner’s syndrome, an autosomal dominant
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disease characterized by the development of gastrointestinal
polyps and malignant transformation [46, 47].

On the other hand, mechanical factors related to the occlu-
sal stress during mastication are advocated by many authors
for TM [1-3, 6]. The occlusal force was found significantly
higher in patients with TM by using a pressure sensitive sheet
[6]. A significant correlation between the incidence of tori and
the presence of abraded teeth due to bruxism has also been
shown [7, 40]. In an animal model with paralysis of the mas-
ticatory muscles (M. masseter and M. temporalis) by the
Botulinum toxin, the occurrence of a hypertrophic bone meta-
plasia at the enthesis of M. Digastricus was found [48]. It is
well-known that an increased muscle activity can stimulate
bone remodeling and increases bone apposition [49]. This fact
supports the etiological hypothesis of mechanical causes re-
lated to a disequilibrium of occlusal forces due to an increased
muscle activity. However, since tori have no topographical
relation with muscle attachments, this pathological sequence
cannot be extrapolated to human tori. So, an interplay between
genetic and environmental factors cannot be excluded [7]. The
cause of tori can therefore be explained by the conjunction of
different factors: a torus is primarily a genetic trait, and envi-
ronmental factors such as mechanical stress could be neces-
sary for its development [4].

Few articles in the literature describe the histology of tori,
and they often report histological organization similar to nor-
mal bone [1]. Tori are usually described made of lamellar
cortical bone with the central presence of a cancellous net-
work, sometimes made of woven bone, only when a large size
is attained [1, 7, 8]. The presence of “lacunae” (Haversian
canals), normal osteocytes, and scattered areas of connective
tissue containing dilated blood vessels is also reported [2, 7].
The nature, texture, and structure of the bone constituting the
tori correspond to a bone quality encountered in normal bone
cell activity [50]. This explains that good clinical results are
observed when tori are used for bone grafting [1, 15-19]. In
the present study, an asymmetric active bone remodeling is
reported for the first time. It leads to a unidirectional bone
growth toward the oral cavity that explains the usual convex
shape of tori and an escape to the mechanical stimuli related to
occlusal forces. The use of undecalcified bone sections
allowed the identification of osteoid tissue together with a
histodynamic analysis after tetracycline labeling. These find-
ings cannot be obtained using conventional histopathologic
methods after decalcification and paraffin embedding. It is
also the first time that microCT is used to characterize the
external and internal microarchitecture of these tumors. This
technique offers a unique possibility to evidence the 3D net-
work of Haversian canals distribution in cortical bone [51].
This facility was used here to evidence the complex 3D dis-
tribution of Haversian canals in the tori.

The osteoid seam thicknesses determined in the present
study were found normal (<15 pum) indicating the absence
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of osteomalacia. The Ca.MAR determined here was higher
than normal MAR. This attests a high osteoblastic activity at
the outer surface of the Haversian canals. The presence of
woven bone reflects an active remodeling in 2/18 tori of the
study. This might concern tori at an early stage before being
completely remodeled in lamellar bone. Unfortunately, these
two participants did not receive the double tetracycline
labeling.

Tori are not similar to bone exostosis developing at the
metaphysis of long bones in children and teenagers.
Exostosis is a frequent benign cartilage-capped bony tumor.
They may occur as solitary tumors (due to a possible dysreg-
ulation of osteoprogenitor cells) or as multiple tumors in the
case of an autosomal genetic disorder (the multiple hereditary
exostoses-MHE). A study found the pathologic presence of Al
in exostosis in two thirds of the patients and the presence of Fe
in half of the patients [12, 52]. In the present study, Fe and Al
were never observed in the tori. This may seem surprising
since tori develop inside the oral cavity, and ingesta are known
to be a major source for Al to enter in the body [12].

Conclusion

Tori are a specific entity that develops on bones built by
intramembranous ossification, and their shape seems to be
determined by a specific asymmetric bone remodeling. This
finding constitutes a specific histological feature allowing pa-
thologists to differentiate tori from exostoses.
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