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Abstract

Objectives: The effect of gender on anatomic structures and various body systems were illustrated

in the literature. The purpose of this study was to identify the influence of gender and tooth loss

on incisive canal characteristics and buccal bone dimensions in the anterior maxilla.

Materials and methods: Computed tomographies (CTs) of 417 male and 516 female patients in

four dental clinics were included in this study. The diameter and the length of the incisive canal;

width and the length of the bone anterior to the canal; palatal bone length, root length, and root

width of the central incisor teeth were measured and recorded from CT sections.

Results: Mean incisive canal length was 11.96 ± 2.73 mm and 10.39 ± 2.47 mm in men and

women, respectively, (P < 0.05). In men, mean canal diameter was 2.79 ± 0.94 mm whereas in

women it was 2.43 ± 0.85 mm and this difference was statistically significant (P < 0.05). Men had

significant higher buccal bone dimensions (length and width of the bone anterior to the canal)

than women. Absence of teeth in the anterior maxilla decreased incisive canal length and buccal

bone dimensions; however, canal diameter remain unchanged.

Conclusions: Present results suggested a gender related differences in anatomic features of incisive

canal and surrounding buccal bone. In addition, crestal canal diameter, buccal bone length, and

thickness parameters might be different in distinct countries.

Anterior segments of the jaws in maxillary

and mandibular locations are often consid-

ered as safer areas when compared with pos-

terior jaws during surgeries (Artzi et al. 2000;

Jacobs et al. 2007). Incisive canal (IC), located

at the midline, posterior to the central inci-

sor teeth, is an important anatomic structure

of anterior maxillary area. However, the ana-

tomic characteristics of this area are poorly

documented. Hence, it is important to know

the anatomic features in this area when per-

forming surgeries (e.g., implant, bone aug-

mentation, apicoectomy). Nasopalatine nerve

and terminal branch of the nasopalatine

artery pass through this canal (Song et al.

2009). IC has two to four nasopalatine foram-

ina and one incisive foramen.

Innovations in imaging systems and

increased usage of preoperative CT evalua-

tion have allowed us to have a more accurate

and close look at these anatomic structures

and pathologies (Faitaroni et al. 2011; Guncu

et al. 2011). Mean incisive canal length

obtained from CT studies ranged from 8 to

12 mm (Mraiwa et al. 2004; Mardinger et al.

2008; Liang et al. 2009; Song et al. 2009;

Bornstein et al. 2010). The narrowest canal

diameter was 1.1 mm and the widest was

6.7 mm (Song et al. 2009). In addition, there

are variously defined morphological types of

the canal in the literature (Mardinger et al.

2008; Song et al. 2009; Bornstein et al. 2010).

According to the presence or absence of teeth

in the anterior maxilla, dimensional changes
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of anterior jaw bones and incisive canal were

reported (Mardinger et al. 2008; Liang et al.

2009). Liang et al.(2009) examined 60 dentate

and 60 edentulous CT scans and found longer

canals in dentate group; however, no change

in canal diameter. Affect of gender differ-

ences on anatomic structures were also

reported in Liang’s study (2009). According to

the results, men had longer and wider canals

(Liang et al. 2009). Moreover, Bornstein et al.

(2010) reported the influence of gender and

dental status on buccal bone dimensions and

incisive canal. Kovisto et al. (2011) investi-

gated the proximity of mandibular canal to

the teeth apex and the mesial root of the sec-

ond molar was found closer to the nerve in

female patients compared with male

patients.

Our group has previously documented the

anatomic features of incisive canal and envi-

ronmental bone in CT scans of human sub-

jects (Tozum et al. 2012). Canal diameter,

canal length and shape, width of buccal and

palatal bone, root width and the length of

bone between apex of anterior tooth, and

nasal floor were examined in that study.

Results suggested that there were differences

in some parameters between men and

women. Evaluating all these parameters

together in a high numbered population

including multicenter may reveal the distinct

impact of gender to the features of incisive

canal and maxillary environmental bone. On

the basis of the results of our previous study

and literature, we aimed to identify the influ-

ence of tooth loss and gender on canal char-

acteristics and buccal bone dimensions in the

anterior maxilla in the second part of our

multicenters study.

Materials and methods

Computed tomographies of 417 male and

516 female patients in four dental clinics:

Turkey (171 CTs), Spain (310 CTs), Saudi

Arabia (133 CTs), and Cyprus (319 CTs)

were included in this study. A total of 725

of patients were dentate and 208 were eden-

tulous. All the measurements were per-

formed by one calibrated examiner (YDY,

MVT, RAS, HGY) at each center on axial

CT scans, using software programs. Spiral

(Siemens AR-SP 40; Siemens, Munich, Ger-

many) and cone beam (Imaging Sciences

International, Hatfield, PA, USA) CT scans

were used. A detailed research protocol was

discussed and agreed before initiation of the

study. Measurements were determined on

schematic diagrams and detailed start and

end points of the measurements were clari-

fied between calibrated investigators. Intra

and inter observer agreement for each mea-

surement was in substantial agreement in

each center. The selected landmarks; the

diameter and the length of the incisive canal

(crestal, middle, and apical); width and the

length of the bone anterior to the canal; pal-

atal bone length, root length, and root width

of the central incisor teeth were measured

according to protocol (Mardinger et al. 2008;

Bornstein et al. 2010; Tozum et al. 2012).

The anatomic variations of the canal were

examined on axial sections and classified

into four groups (Mardinger et al. 2008): (1)

Cylindrical, (2) Banana-like, (3) Hourglass-

like, and (4) Funnel-like. Low quality CT

images and CT’s of patients with evident

nasopalatine pathology were excluded from

the study.

Statistical analysis

All statistical data analysis was performed

in one center (Turkey) using SPSS 11.5.0

software for Windows (SPSS, Chicago, IL,

USA). Three-way ANCOVA (country, gen-

der, dentate, and three independent vari-

ables) were performed to compare data

between dentate and edentate as well as

male vs. female patients. When the differ-

ence was detected, pairwise comparisons

were performed using Bonferroni test. If

interaction terms were found statistically

significant, subgroups analyses were per-

formed using independent samples t-test or

one-way ANOVA.

Results

No statistically significant difference was

detected between the mean age of 312 male

and 413 female dentate patients (Table 1).

However, incisive canal length and diameter

of dentate subjects differed according to gen-

der. Mean values showed that men had

longer and wider canals in dentate subjects

(P < 0.0001). Buccal bone dimensions (length

and width of bone anterior to the canal) were

significantly different between genders,

where men had greater values than women

(P < 0.0001) (Table 1). The roots of central

incisor teeth of men were thicker than

women as well. When these parameters were

examined in edentulous subjects similar

results were also found (Table 2). Mean age

was also similar in edentulous group, as well

as dentate patients. Length, width of the

canal, and buccal bone thickness were greater

in male subjects compared with female sub-

jects (P = 0.001, P = 0.025, P = 0.001, respec-

tively) (Table 2).

Edentulous male and female subjects were

older than dentate men and women, as

expected (P < 0.0001). Absence of teeth in

the anterior maxilla caused a decrease at inci-

sive canal length and buccal bone dimen-

sions; however, canal diameter was not

changed in men (P < 0.0001) (Table 3). Simi-

lar results were also observed for women

(Table 4). Edentulous women had shorter

incisive canals (P = 0.004). Buccal bone width

and length were smaller in edentulous

women than dentate women (P < 0.0001) In

Table 1. The differences in examined parameters in male and female subjects in dentate patients

Men Women

P
(n = 312) (n = 413)
Mean ± SD Mean ± SD

Age (mm) 41.37 ± 15.80 40.14 ± 15.58 0.295
Canal length (mm) 11.96 ± 2.73 10.39 ± 2.47 P < 0.0001
Buccal length (mm) 20.56 ± 3.36 19.52 ± 3.18 P < 0.0001
Palatal length (mm) 11.58 ± 2.6 10.63 ± 2.79 P < 0.0001
Root length (mm) 13.17 ± 1.76 12.25 ± 1.59 P < 0.0001
Canal diameter (mm) Crestal 3.22 ± 1.05 2.67 ± 0.89 P < 0.0001

Medial 2.26 ± 0.97 1.95 ± 0.87 P < 0.0001
Apical 2.91 ± 1.40 2.67 ± 1.40 0.027
Mean 2.79 ± 0.94 2.43 ± 0.85 P < 0.0001

Bone thickness anterior
to the canal (mm)

Crestal 6.32 ± 1.13 5.86 ± 1.28 P < 0.0001
Medial 7.22 ± 1.56 6.40 ± 1.39 P < 0.0001
Apical 9.84 ± 2.58 8.92 ± 2.40 P < 0.0001
Mean 7.80 ± 1.37 7.06 ± 1.37 P < 0.0001

Palatal bone
thickness (mm)

Crestal 2.52 ± 0.85 2.06 ± 0.81 P < 0.0001
Medial 5.37 ± 1.35 4.47 ± 1.24 P < 0.0001
Apical 8.24 ± 2.16 7.00 ± 2.02 P < 0.0001
Mean 5.38 ± 1.27 4.52 ± 1.18 P < 0.0001

Root width (mm) Crestal 6.31 ± 0.63 5.95 ± 0.66 P < 0.0001
Medial 5.14 ± 0.61 4.88 ± 0.59 P < 0.0001
Apical 2.19 ± 0.57 1.97 ± 0.67 P < 0.0001
Mean 4.55 ± 0.44 4.27 ± 0.42 P < 0.0001

P < 0.05 is statistically significant.
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contrast, there is no significant difference

between canal diameter of edentulous and

dentate women (P < 0.05) (Table 4).

In the whole study population, including

men and women, cylindrical canal shape was

the most prevalent shape, whereas banana-

like was the least in both gender. Women

have 45.54% cylindrical, 26.55% funnel-like,

16.47% hourglass-like, and 11.44% banana-

like canals. These parameters were 34.77%,

29.02%, 21.58%, and 14.63%, respectively,

for men. The percentages of canal morpholog-

ies of incisive canal in dentate and edentate

subjects according to gender were also pre-

sented in Table 5.

According to three-way ANCOVA analysis

(country, gender, and dentition status) inter-

actions for buccal bone length, crestal canal

diameter, and crestal buccal bone thickness

was detected (P = 0.001, P = 0.017, P = 0.005,

respectively). Country and dentition status

interaction was found for buccal bone length.

Buccal bone length was higher in Arabia in

dentate patients than other countries

(P < 0.05). Buccal bone length in edantate

patients in Turkey was found higher than in

Spain and Cyprus (P < 0.05).

In addition, country and gender interac-

tions were found for crestal canal diameter

for women. Crestal canal diameter of women

subjects in Cyprus and Spain was higher than

other countries.

Interactions were found for all three inde-

pendent variables (country, gender, and denti-

tion status) for crestal buccal bone thickness.

Gender differences were detected in edantate

subjects in Spain whereas it was detected in

dentate subjects in Arabia and Cyprus. Cres-

tal buccal bone thickness did not differ for

gender and dentition in Turkey. On the other

hand, crestal buccal bone thickness of both

genders in all countries differed according to

dentition status (P < 0.05).

Discussion

Effect of gender and presence of teeth on ana-

tomic structures (such as incisive canal at

maxillary region, mandibular canal) have

been reported in literature (Mraiwa et al.

2004; Mardinger et al. 2008; Liang et al.

2009; Song et al. 2009; Bornstein et al. 2010;

Kovisto et al. 2011; Tozum et al. 2012). Our

data showed gender and presence of teeth

influenced the incisive canal dimensions and

bone dimensions anterior to this canal. When

dentate subjects were classified based upon

gender, men had greater canal and bone

dimensions. Edentulous subjects showed the

Table 2. The differences in examined parameters of male and female subjects in edentate patients

Men Women

P
(n = 105) (n = 103)
Mean ± SD Mean ± SD

Age (mm) 53.18 ± 12.83 56.18 ± 13.02 0.095
Canal length (mm) 10.70 ± 2.53 9.62 ± 2.31 0.001
Buccal length (mm) 17.03 ± 3.78 15.72 ± 3.46 0.001
Palatal length (mm) 11.53 ± 2.94 10.25 ± 2.46 0.001
Canal diameter (mm) Crestal 3.17 ± 1.12 2.88 ± 0.96 0.048

Medial 2.09 ± 0.93 1.98 ± 0.83 0.372
Apical 2.91 ± 1.36 2.54 ± 1.37 0.053
Mean 2.76 ± 1.01 2.47 ± 0.85 0.025

Bone thickness anterior to
the canal (mm)

Crestal 4.43 ± 1.62 3.76 ± 1.57 0.003
Medial 6.77 ± 1.62 6.10 ± 1.80 0.005
Apical 9.08 ± 2.51 8.43 ± 2.04 0.041
Mean 6.77 ± 1.50 6.10 ± 1.40 0.001

Palatal bone thickness (mm) Crestal 2.11 ± 0.80 1.80 ± 0.59 0.002
Medial 4.91 ± 1.40 4.25 ± 1.25 0.001
Apical 7.11 ± 2.07 6.53 ± 1.96 0.044
Mean 4.71 ± 1.25 4.18 ± 1.16 0.002

P < 0.05 is statistically significant.

Table 3. Comparative statistical analysis of dentate and edentate male subjects

Dentate Edentate

P
(n = 312) (n = 105)
Mean ± SD Mean ± SD

Age (mm) 41.37 ± 15.80 53.18 ± 12.82 <0.0001
Canal length (mm) 11.96 ± 2.73 10.70 ± 2.53 <0.0001
Buccal length (mm) 20.56 ± 3.36 17.03 ± 3.78 <0.0001
Palatal length (mm) 11.58 ± 2.64 11.53 ± 2.94 0.876
Canal diameter (mm) Crestal 3.22 ± 1.05 3.17 ± 1.12 0.685

Medial 2.26 ± 0.97 2.09 ± 0.93 0.139
Apical 2.91 ± 1.40 2.91 ± 1.36 0.965
Mean 2.79 ± 0.94 2.76 ± 1.01 0.769

Bone thickness anterior to
the canal (mm)

Crestal 6.32 ± 1.13 4.43 ± 1.62 <0.0001
Medial 7.22 ± 1.56 6.77 ± 1.62 0.012
Apical 9.84 ± 2.58 9.08 ± 2.51 0.01
Mean 7.80 ± 1.37 6.77 ± 1.50 <0.0001

Palatal bone thickness (mm) Crestal 2.52 ± 0.85 2.11 ± 0.80 <0.0001
Medial 5.37 ± 1.35 4.91 ± 1.40 0.003
Apical 8.24 ± 2.16 7.11 ± 2.07 <0.0001
Mean 5.38 ± 1.27 4.71 ± 1.25 <0.0001

P < 0.05 is statistically significant. Buccal Length: Bone length anterior to the canal.

Table 4. Comparative statistical analysis of dentate and edentate female subjects

Dentate Edentate

P
(n = 413) (n = 103)
Mean ± SD Mean ± SD

Age (mm) 40.14 ± 15.58 56.18 ± 13.02 <0.0001
Canal length (mm) 10.39 ± 2.47 9.62 ± 2.31 0.004
Buccal length (mm) 19.52 ± 3.18 15.72 ± 3.46 <0.0001
Palatal length (mm) 10.63 ± 2.79 10.25 ± 2.46 0.200
Canal diameter (mm) Crestal 2.67 ± 0.89 2.88 ± 0.96 0.033

Medial 1.95 ± 0.87 1.98 ± 0.83 0.748
Apical 2.67 ± 1.40 2.54 ± 1.37 0.404
Mean 2.43 ± 0.85 2.47 ± 0.85 0.689

Bone thickness anterior to
the canal (mm)

Crestal 5.86 ± 1.28 3.76 ± 1.57 <0.0001
Medial 6.40 ± 1.39 6.10 ± 1.80 0.113
Apical 8.92 ± 2.40 8.43 ± 2.04 0.058
Mean 7.06 ± 1.37 6.10 ± 1.40 <0.0001

Palatal bone thickness (mm) Crestal 2.06 ± 0.81 1.80 ± 0.59 <0.0001
Medial 4.47 ± 1.24 4.25 ± 1.25 0.110
Apical 7.00 ± 2.02 6.53 ± 1.96 0.035
Mean 4.52 ± 1.18 4.18 ± 1.16 0.009

P < 0.05 is statistically significant. Buccal Length: Bone length anterior to the canal.
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Güncü et al � Incisive canal and gender



same results when gender was considered.

This is the first study looked into these inter-

actions with such a large study group (933

patients). Liang et al. (2009) examined only

incisive canal length and diameter on 120

CT scans and found greater values in men in

accordance with the present results. Born-

stein et al. (2010) examined 44 men and 56

women. They measured canal length, canal

width, and buccal bone width; and reported

statistically higher buccal bone width and

canal length values in men (Bornstein et al.

2010). However, conversely to the present

study results, they could not detect canal

diameter differences between men and

women. They suggested that type of the

canal had a significant effect on diameter of

incisive foramen, but there was no data about

classification of canal types according to gen-

der.

In second part of our study, the effect of

presence of teeth to the canal characteristics

in men and women were examined. When

teeth were not present in the anterior max-

illa, both incisive canal length and buccal

bone dimensions decreased; however, canal

diameter did not change with dental status

in both genders. Our study correlates well

with Liang et al.’s (2009) study; they

reported longer canals in dentate patients

with no statistical difference noted for the

canal diameter. Mardinger et al. (2008)

examined canal dimensions on 207 CT scans

and reported a decrease in canal length in

edentulous patients. Our results are in agree-

ment with their findings. Based upon these

findings, Mardinger et al. (2008) suggested

that canal diameter enlarged with tooth loss,

like maxillary sinus. On the contrary, Liang

et al. (2009) study (120 CT) and present

study (933 CT) could not support this

hypothesis. Hence, more studies in this area

are needed.

In the present study, edentulous women

and men had shorter incisive canals than

dentate ones. In accordance, Song et al.

(2009) examined canal length in 56 maxilla

with micro CT and reported decreased canal

length in edentulous group. Mardinger et al.

(2008) detected similar results; buccal bone

width and length decreased in edentulous

patients. Moreover, Bornstein et al. (2010)

evaluated the effect of dental status on buc-

cal bone width and reported that the width of

the buccal bone is the highest in cases when

both centrals are present vs. one or two miss-

ing central incisors. Similar to these results,

bone width anterior to the canal was also

detected higher in dentate men and women

in the current study.

Conclusions

Our study demonstrates that gender had a

significant influence on anatomic features of

anterior maxilla and maxillary incisive canal

dimensions. Effect of dental status especially

on buccal bone dimensions should not be

ignored when performing surgery in the ante-

rior maxilla. CT imaging is a valuable tool to

determine anatomic structures before any

surgeries in this area including implant sur-

gery.

The authors declare that they have no con-

flicts of interest.
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Table 5. The percentage of canal morphologies
of IC in dentate and edentate subjects accord-
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Canal morphologies
Women
(%)

Men
(%)

Cylindrical Dentate 46.97 34.61
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Banana-like Dentate 11.38 10.47
Edentate 11.65 16.02

Hourglass-like Dentate 17.19 21.15
Edentate 12.62 22.85

Funnel-like Dentate 24.45 28.20
Edentate 35.92 31.42
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