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Aim: To evaluate the buccal bone wall thickness of anterosuperior teeth and the 
dimension and morphology of the nasopalatine duct in cone beam computed 
tomography (CBCT) of patients treated in two cities at different altitudes. 
Materials and Methods: In this retrospective analytical study, 79 CBCT scans were 
selected from a total of 347 in Juliaca, Peru (3824 m a.s.l.) and 171 CBCT scans 
were selected from a total of 622 in Lima, Peru (154 m a.s.l.). The buccal bone wall 
thickness of anterosuperior teeth was measured at 1 mm, 3 mm, and 5 mm from the 
alveolar crest. For the nasopalatine duct, its length and diameter were measured, 
and its anatomical shape was determined in coronal view. Descriptive statistical 
data such as mean and standard deviation were used, and Mann–Whitney U test 
was used for bivariate analysis. Results: When comparing the CBCT scans from 
both cities, significant differences were observed in buccal bone wall thickness at 
3 mm and 5 mm from the alveolar crest (P < 0.01 and P < 0.01, respectively); for 
men, at 1 mm and 3 mm (P = 0.04 and P = 0.04); for the age group from 33 to 
47 years, at 3 mm and 5 mm (P < 0.01 and P < 0.01); and for the age group from 
48 to 77 years, at 1 mm (P = 0.02). Regarding the nasopalatine duct, significant 
differences were observed in women in relation to length and nasal opening 
diameter (P < 0.01 and P < 0.01) and for men, in length (P < 0.01); for the age 
group from 18 to 32 years, in all three levels (P < 0.01); for the age group from 33 
to 47 years, in length and diameter of the oral opening (P < 0.01 and P < 0.01); 
and for the age group from 48 to 77 years, in length and diameter of the nasal 
opening (P  <  0.01 and P  <  0.01). The most frequent nasopalatine duct shape 
was a single canal with more than 66% of cases, according to sex and age group. 
Conclusion: Patients living at different altitudes presented significant differences 
in buccal bone wall thickness according to sex and age; however, there were no 
differences related to dental inclination. Significant differences were found in the 
length and diameter of the nasopalatine duct at the nasal opening. In addition, 
the most frequent shape of the nasopalatine duct was the simple canal.

Keywords: Altitude, alveolar crest, bone wall, cone beam computed tomography, 
maxilla, nasopalatine duct
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Introduction

I mplant placement is currently a treatment option 
for patients who are partially or fully edentulous. 

Diagnosis and treatment plan are key factors in 
achieving a successful outcome after implant placement 
and restoration. When evaluating a patient for dental 
implants, a complete dental history, photographs, 
study models, panoramic and periapical radiographs, 
and CBCT of the proposed implant sites should be 
considered.[1] Treatment complications can lead to 
challenging clinical situations that can only be corrected 
with implant removal. In view of these potential 
complications, the morphology and dimensions of the 
bone structures in the anterosuperior region should be 
properly evaluated prior to dental implant placement.[2]

The alveolar process is a tissue that is anatomically 
dependent on the tooth, as its size and thickness is 
conditioned by the eruption axis, inclination, and 
adjacent dental root morphology. This explains the 
atrophy of the alveolar process after tooth removal, as 
the greatest amount of bone loss occurs horizontally, 
mainly on the buccal side of the alveolar crest. 
Vertical bone loss also occurs, which is similarly more 
pronounced in the buccal region.[3] After exodontia, 
the dentist faces the challenge of creating a prosthetic 
restoration that resembles the adjacent natural 
dentition. It has been suggested that a minimum width 
of 1–2 mm of buccal bone wall thickness is necessary 
to maintain a stable vertical dimension of the alveolar 
crest, as thin bone contributes to the risk of bone 
fenestration, dehiscence, and soft tissue recession.[4,5]

Anatomical variations of the nasopalatine duct are 
documented in the literature presented as evaluation 
on CBCT images.[6,7] Contact of the implant with nerve 
tissue may result in lack of osseointegration or lead to 
sensory impairment.[8] Therefore, knowledge of normal 
appearance and anatomical variations in preoperative 
imaging is essential. With the introduction of CBCT, 
new diagnostic possibilities have been created in 
dentistry in order to improve the definitive diagnosis 
and to be able to choose the best treatment option that 
guarantees successful results on completion.[9]

From the moment of conception, the growth and 
development of an individual depends on the interaction 
of genetics and environmental conditions. Humans 
living at altitudes higher than 2000 m above sea level 
have a decrease in the partial pressure of oxygen in the 
inspired air, causing a lower oxygen saturation in the 
hemoglobin, resulting in hypoxia, which, in order to 
compensate, requires certain adaptive mechanisms that 
favor the transport and use of oxygen at tissue level.[10] 
To date (March 2021), no research has been reported 

on bone characteristics of the anterosuperior region 
in people living at high altitude compared with people 
living at sea level. Currently available research refers 
to soft tissues, reporting wider gingival width in the 
anterosuperior tooth region, wider keratinized gingiva, 
smaller papillary gingival size, and greater gingival 
thickness in high-altitude residents compared with 
those living at sea level.[11,12]

At Latin-American level, there are few data on 
the anatomical structures assessed in this study. 
It is necessary to have more data on the different 
populations, as these dimensions in the anterior 
maxilla are important for adequate planning and 
optimal results in implant treatment. Therefore, the 
present research aims at evaluating the buccal bone wall 
thickness of anterosuperior teeth and the morphology 
of the nasopalatine duct in CBCT of patients treated in 
two cities at different altitudes above sea level.

As a null hypothesis, it was considered that the thickness 
of the buccal bone wall of the upper anterior teeth 
and the morphology of the nasopalatine canal did not 
present significant differences in patients evaluated by 
CBCT, at different altitudes above sea level.

Materials and Methods

Bioethical considerations

This research respected the bioethical principles of 
medical research involving human subjects of the 
Declaration of Helsinki related to confidentiality and 
non-maleficence. Informed consent was not required, 
as the study was retrospective; however, to ensure 
confidentiality, the data were coded and stored in 
an electronic device with a password to which only 
the principal investigator had access, and at the end 
of the study, the data were discarded. This research 
was approved by the Institutional Research Ethics 
Committee of the Universidad Peruana Cayetano 
Heredia, Peru (CI: 100504).

Type of study

Observational, retrospective, cross-sectional, and 
analytical study.

Population and sample selection

The CBCT scans were taken in Peru, at the Imaxcenter 
Radiology Center in the city of Juliaca at an altitude of 
3824 m a.s.l. and at the Panoral 3D Oral Radiology and 
Maxillofacial Tomography Center in the city of Lima 
at an altitude of 154 m a.s.l., during the years 2015 and 
2016. Seventy-nine CBCT scans were selected out of 
a total of 347 in Juliaca, and 171 scans were selected 
out of a total of 622 in Lima. The sample size was 
calculated by using an average estimation formula with 
a finite population, considering Zα = 0.05 (confidence 
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coefficient), a precision of 0.05, and a standard 
deviation (SD) of 0.257 and 0.390 for Juliaca and Lima, 
respectively. These values ​​(SD) were obtained from 
a pilot study with 30 CT scans from both cities. The 
systematic random method was applied as a sampling 
technique, considering the following selection criteria:

Inclusion criteria

1.	 CBCT of patients with teeth in the anterosuperior 
sector.

2.	 CBCT of patients older than 18 years of age up to 
77 years of age.

Exclusion criteria

1.	 CBCT of patients with signs of asymmetries and/or 
marked craniofacial alterations.

2.	 CBCT of patients with signs of maxillary bone 
pathologies.

3.	 CBCT of patients with signs of traumatic sequelae 
in the anterior maxillary region.

4.	 CBCT of patients with signs of previous surgical 
treatment in the anterior maxillary region.

5.	 CBCT of patients with rotated anterosuperior teeth.
6.	 CBCT of patients with restorative treatments 

(veneers, crowns, pins) that interfere with 
visualization.

7.	 CBCT of patients presenting anterosuperior teeth 
with a periodontal ligament width greater than 
0.3 mm.

Intervening variables

The intervening variables considered in the study were 
sex, age, and dental inclination.

Procedure

After requesting the corresponding permits from both 
imaging centers, the principal researcher of this study 
was trained in the use of the Ondemand Software 
(Cybermed, Korea) at the Panoral 3D Oral Radiology 
and Maxillofacial Tomography Center in the city of 
Lima. The training was conducted by a specialist in Oral 
and Maxillofacial Imaging with more than 10  years 
of experience. Subsequently, intraexaminer (NC) and 
interexaminer (NC and CT) calibration was performed 
with respect to the criteria for visualization of the 
anatomical shape (Kappa index = 0.98, 95% confidence 
interval [CI]  =  0.92–1.00) and measurements of the 
nasopalatine duct (intraclass correlation coefficient 
[ICC]  =  0.96, CI  =  0.91–1.00) and measurements of 
the buccal alveolar bone of the anterosuperior teeth 
(ICC = 0.99, CI = 0.94–1.00).

The calibrated researcher performed the measurements 
on an OP 300 Maxio 3-in-1 tomographic equipment 
(Instrumentarium, Santa Catarina, Brazil), using an 

Ondemand 3D APP + Cliniview software package, 
FOV = 13 × 15 cm. A maximum of 10 observations were 
made per day, over a period of five months. The same model 
and brand of CBCT equipment was used in both cities.

The following procedures were performed when 
evaluating each CBCT:

•	 A 1.5× Filter Tool was used.
•	 The axial axes of the teeth were determined in 

coronal, axial, and sagittal views and the buccal 
bone wall thickness was measured in sagittal view 
by using the Distance Measuring Tool.

•	 The buccal bone wall thickness measurement of 
the anterosuperior teeth included the periodontal 
ligament space and was determined with the 
distance in millimeters (mm) from the buccal side 
of the alveolar bone to the buccal side of the dental 
root. This was done at three levels: 1 mm, 3 mm, and 
5 mm apical to the alveolar crest [Figure 1].

•	 The angle between the axis of the maxillary central 
incisor and the palatal plane (PP) was determined, and 
the teeth were divided into three groups according to 
this angle: palatal inclination group (U1-PP ≤ 110.1°), 
normal inclination group (110.1° < U1-PP ≤ 121.5°), 
and buccal inclination group (U1-PP > 121.5°).

•	 The axial axis of the nasopalatine duct was 
determined in coronal, axial, and sagittal views, 
and the dimensions of the duct were measured 
in sagittal view. To determine its dimensions, the 
distance in millimeters from the buccal edge of 
the nasopalatine duct to the palatal edge of the 
nasopalatine duct at the level of the nasal opening 
(diameter) and the distance in mm from the buccal 
edge of the nasopalatine duct to the palatal edge 

Figure 1: Buccal bone wall thickness measurement at 1, 3, and 
5 mm from the alveolar crest
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of the nasopalatine duct at the level of the oral 
opening (diameter) were measured; the length was 
determined by drawing a line from the midpoint of 
the diameter at the level of the oral opening to the 
midpoint of the diameter at the level of the nasal 
opening [Figure 2].

•	 Visualization of the anatomical shape of the 
nasopalatine duct was performed in a coronal view 
[Figure 3].

Data analysis

Data were stored in an Excel 2013 spreadsheet 
(Microsoft, Redmond, WA) and subsequently imported 
by the statistical package SPSS (Statistical Package 
for the Social Sciences Inc. IBM, NY) 22.0. For the 
univariate analysis of categorical variables, a frequency 
table was prepared and for the numerical variables, 
measures of central tendency and dispersion were 
calculated. Before testing the hypothesis, a normality 
analysis was carried out on the quantitative data by 
using the Kolmogorov–Smirnov test. As no normal 
distribution of the data was found, nonparametric tests 
were used, such as the Mann–Whitney U test for two 
independent samples.

Results

Regarding the dimension of buccal bone wall thickness 
according to the city of origin, a statistically significant 
difference was observed at the 5 mm level (P  =  0.02) 
and regarding the dimensions of the nasopalatine duct 
according to the city, statistically significant differences 
were observed with respect to the length of the nasopalatine 
duct (P < 0.01) and the diameter of the nasopalatine duct 
at the nasal opening level (P < 0.01) [Table 1].

When analyzing the buccal bone wall thickness, 
statistically significant differences were observed 

between the city of Lima and Juliaca: for the female sex, 
at 3 and 5 mm (P < 0.01 and P < 0.01, respectively); and 
for the male sex, at 1 and 3 mm (P = 0.04 and P = 0.04, 
respectively) [Table 2].

When analyzing the nasopalatine duct, statistically 
significant differences were observed between the cities 
of Lima and Juliaca: for the female sex, with respect 
to length (P < 0.01) and diameter at the nasal opening 
level (P < 0.01); and for the male sex, only with respect 
to length (P < 0.01) [Table 2].

When analyzing the buccal bone wall thickness, 
statistically significant differences were observed between 
the city of Lima and Juliaca; for the age group from 33 
to 47 years, at the level of 3 and 5 mm (P < 0.01 and 
P < 0.01, respectively); and for the age group from 48 to 
77 years, only at the level of 1 mm (P = 0.02) [Table 3].

When analyzing the nasopalatine duct, statistically 
significant differences were observed between the city of 
Lima and Juliaca; for the age group from 18 to 32 years, 
in the three dimensions assessed (P  <  0.01); for the 
age group from 18 to 32 years, in the three dimensions 
assessed (P < 0.01); for the age group from 48 to 77 years, 
only at the oral opening level (P < 0.01 and P < 0.01, 
respectively); and for the age group from 48 to 77 years, 
in the length and diameter at the nasal opening level 
(P < 0.01 and P < 0.01, respectively) [Table 3].

When analyzing the buccal bone wall thickness 
according to city and dental inclination, for both the 
right and left sides, no statistically significant differences 
were observed for the levels assessed at 1, 3, and 5 mm 
apical, with respect to the alveolar crest [Table 4].

Table 5 shows that the highest prevalence of the 
anatomical shape of the nasopalatine duct in both 
sexes was a simple canal, in both Lima and Juliaca.

Table 6 shows that the highest prevalence of the 
anatomical shape of the nasopalatine duct in all age 
groups was a simple canal, in both Lima and Juliaca.

Discussion

In relation to buccal bone wall thickness, the results 
of the present research show that the bone in the 
anterosuperior sector is thin, with average values of 
0.4–0.6 mm. These results agree with studies carried 
out by Braut et al.[13] (Bern, Switzerland: 542 m a.s.l.), 
who assessed 125 CBCT and obtained an average 
between 0.5 and 0.7 mm. In their research, Januário 
et al.[14] (Brasilia, Brazil: 1172 m a.s.l.) used the same 
methodology as in the present one, for the measurement 
of the buccal bone wall thickness at three levels (1, 3, 
and 5 mm from the alveolar crest), and their average 
thickness was between 0.5 and 0.7 mm. Further, 

Figure 2: Nasopalatine duct dimensions. NO = diameter at 
nasal opening level; OO = diameter at oral opening level; 
L = nasopalatine duct length; P = middle point
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El Nahass and Naiem[15] (Cairo, Egypt: 23 m a.s.l.) 
assessed 73 CBCT and their results showed that the 
average thickness was between 0.6 and 0.8 mm.

Findings of the present research differ from the results 
reported by Huynh-Ba et al.,[4] who assessed the buccal 
and palatal alveolar bone in 93 post-extraction sockets 
(incisors and premolars), using a caliper to measure at 
1 mm apical to the alveolar crest. In their research of the 
anterior area (taking into account from canine to canine), 
the average buccal bone wall thickness was 0.8 mm, with 
this measurement being higher than the one obtained in 
the present study, probably due to the use of a different 
measuring instrument (clinical vs. CBCT). The study by 
Behnia et  al.[16] compared tomographic measurement 
with clinical measurement to determine the accuracy 
of CBCT; it concluded that CBCT often overestimates 
buccal and palatal bone thickness compared with direct 
measurement, but it has relatively good accuracy and 
reliability for measuring buccal bone wall thickness when 
this bone is greater than 1 mm. On the other hand, Vera 
et al.[17] and Zekry et al.[18] reported that CBCT showed an 
average buccal bone wall thickness in the anterior teeth 
of 0.8–0.9 mm, which is higher than that obtained in the 
present research, although these discrepancies may be 
due to the fact that the sample size used by these authors 
was smaller than the population evaluated in this study.

With respect to sex, it was observed that the buccal bone 
wall thickness in females was greater in the residents of 
Juliaca and was significant at levels of 3 and 5 mm apical 
to the alveolar crest. These results were probably due to 
the fact that women at high altitude experience different 
hormonal changes compared with women living at sea 
level (later menarche, delayed initial FSH release, earlier 
menopause).[19,20] In males, buccal bone wall thickness 
was greater in male residents of Lima and was significant 
at levels of 1 and 3 mm apical to the alveolar crest. These 
findings may be due to the fact that in males a delay in 
sexual maturation at high altitude has been reported, 
which would indicate that at puberty the endocrine 
system is not altered, and thus there is less response of 
peripheral tissue to normal hormone concentrations.[19]

In the present research, it was noticed that there is a 
tendency for the buccal bone wall thickness to decrease 
with increasing age, regardless of geographical altitude. 
This finding is consistent with the study by Wang 
et  al.[21] conducted on 300 patients with CBCT aged 
18–60 years living at different altitudes from 5 to 1787 
m a.s.l., and their results showed that with increasing 
age there is a statistically significant reduction in the 
buccal alveolar bone thickness, measured at a level of 
4 mm apical to the cement-enamel junction (CEJ).

Figure 3: Coronal view of the anatomical shape of nasopalatine duct in Lima and Juliaca. (a) Single canal; (b) two parallel canals; (c) Y 
shape

Table 1: Comparison of the buccal bone wall thickness and nasopalatine duct, according to city of origin
Measurements Distance to alveolar crest Lima, X (SD) Juliaca, X (SD) P
Buccal bone wall thickness At 1 mm 0.62 (0.32) 0.61 (0.31) 0.86

At 3 mm 0.60 (0.41) 0.62 (0.39) 0.34
At 5 mm 0.43 (0.38) 0.47 (0.39) 0.02*

Length of NPD 13.23 (2.35) 12.08 (2.37) <0.01*
NPD diameter at NO 3.59 (1.69) 3.78 (1.31) <0.01*
NPD diameter at OO 7.42 (2.09) 7.72 (2.48) 0.82
NO = nasal opening, NPD = nasopalatine duct, OO = oral opening, SD = standard deviation, X = mean
*The P value <0.05 is considered to be significant (Mann–Whitney U test)
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In this study, with respect to the age groups and the buccal 
bone wall, greater thickness was observed in the population 
of Juliaca, in the age group from 33 to 47  years, being 
significant for the levels of 3 and 5 mm apical to the alveolar 
crest. This could be explained by the studies carried out 
by Choi et  al.,[22] who used 163 cases (17–83 years) with 
cephalometric monitoring over the years and indicated 
continuous growth of the craniofacial complex at all ages, 
with a rate of increase of 2%–10%. In addition, Manlove  
et al.[23] found that up to the fourth decade there is continuous 
bone growth in both sexes, leading to an increase in cortical 
thickness and a maximum bone mass between 30 and 
40 years of age, which means that the craniofacial skeleton 
continues to grow during adulthood.

Regarding tooth inclination, the results of the present 
research differ from those reported by Tian et al.,[24] who 
assessed the buccal bone wall thickness in 45 patients 
aged 18–30  years at 10 levels along the root length 
from CEJ to the apex. They determined that for the 
first three levels from CEJ, the buccal inclination group 
showed higher thicknesses, followed by the normal 

inclination group and finally the palatal inclination 
group. These discrepancies are apparently due to the 
ethnic differences in the populations studied, the larger 
number of CBCT scans evaluated, and the different age 
range, which was wider: 18–77 years.

The results also showed that the city of residence 
influences the buccal bone wall thickness with a 
tendency to be greater in the city of higher altitude, and 
this difference is significant at the level of 5 mm apical to 
the alveolar crest. It is known that there are physiological 
changes in residents at high altitude that lead to changes 
at the oral tissue level. Studies comparing populations 
at sea level and those at high altitude with respect to 
gingival biotype found that in residents at high altitude 
this biotype is thicker.[11,12] It is known that the gingival 
biotype may be associated with the buccal alveolar bone 
thickness.[25,26] Therefore, our results are in agreement 
with the findings of those investigations.

In relation to the nasopalatine duct, in the present 
research the dimensions of this duct were greater for 

Table 2: Comparison of buccal bone wall thickness and nasopalatine duct dimensions by sex, according to city of origin
Measurements Distance to 

alveolar crest
Sex

Female Male
Lima, X (SD) Juliaca, X 

(SD)
P Lima, X (SD) Juliaca, X 

(SD)
P

Buccal bone wall 
thickness

At 1 mm 0.61 (0.31) 0.64 (0.31) 0.09 0.63 (0.34) 0.56 (0.30) 0.04*
At 3 mm 0.58 (0.41) 0.65 (0.40) <0.01* 0.65 (0.42) 0.56 (0.36) 0.04*
At 5 mm 0.40 (0.37) 0.49 (0.41) <0.01* 0.47 (0.40) 0.44 (0.34) 0.79

Length of NPD 12.77 (2.19) 11.48 (2.08) <0.01* 14.04 (2.39) 13.18 (2.48) <0.01*
NPD diameter at NO 3.57 (1.81) 3.87 (1.24) <0.01* 3.62 (1.49) 3.62 (1.40) 0.32
NPD diameter at OO 7.35 (2.08) 7.58 (2.58) 0.95 7.53 (2.09) 7.96 (2.25) 0.78
NO = nasal opening, NPD = nasopalatine duct, OO = oral opening, SD = standard deviation, X = mean
*The P value <0.05 is considered to be significant (Mann–Whitney U-test)

Table 3: Comparison of buccal bone wall thickness and nasopalatine duct dimensions by age, according to city of origin
Measurement Distance  

to alveolar 
crest

Age
From 18 to 32 From 33 to 47 From 48 to 77

Lima, 
X (SD)

Juliaca, 
X (SD)

P Lima, 
X (SD)

Juliaca, 
X (SD)

P Lima, 
X (SD)

Juliaca, 
X (SD)

P

Buccal bone 
wall thickness

At 1 mm 0.63 
(0.28)

0.65 
(0.32)

0.37 0.60 
(0.31)

0.65 
(0.28)

0.08 0.62 
(0.35)

0.54 
(0.31)

0.02*

 At 3 mm 0.62 
(0.39)

0.63 
(0.40)

0.85 0.57 
(0.37)

0.69 
(0.40)

<0.01* 0.62 
(0.46)

0.54 
(0.37)

0.15

 At 5 mm 0.49 
(0.38)

0.48 
(0.39)

0.79 0.38 
(0.33)

0.56 
(0.44)

<0.01* 0.42 
(0.42)

0.37 
(0.30)

0.97

Length of 
NPD

 12.91 
(1.80)

11.90 
(2.67)

<0.01* 13.95 
(2.85)

12.46 
(2.54)

<0.01* 12.93 
(2.17)

11.91 
(1.77)

<0.01*

NPD diameter 
at NO

 3.35 
(1.78)

3.80 
(1.23)

<0.01* 3.94 
(1.81)

3.81 
(1.00)

0.49 3.50 
(1.48)

3.73 
(1.61)

<0.01*

NPD diameter 
at OO

 7.05 
(2.19)

7.85 
(2.90)

<0.01* 7.76 
(2.29)

7.49 
(2.24)

<0.01* 7.44 
(1.76)

7.78 
(2.18)

0.09

NO = nasal opening, NPD = nasopalatine duct, OO = oral opening, SD = standard deviation, X = mean
*The P value <0.05 is considered to be significant (Mann–Whitney U-test)
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the city of Lima with respect to length and greater 
for the city of Juliaca with respect to the diameter at 
the nasal opening level. These results were different 
from those reported by other authors, such as Jornet 
et al.,[27] Bornstein et al.,[2] Thakur et al.,[28] and Kajan 
et al.[29] These discrepancies may be due to the diversity 
of populations studied by these authors, taking into 
account that there may be intervening factors, such as 
environment, race, and genetics, among others.[11,12,25,26,28]

According to sex, males were found to have higher values 
compared with females for nasopalatine duct length, in 
agreement with the reports by Jornet et al.,[27] Bornstein 
et al.,[2] Thakur et al.,[28] and Kajan et al.[29] Regarding 
the diameter of the nasopalatine duct at the level of oral 
and nasal openings, it was found in this study that males 
had significantly larger values than females, which is 
consistent with reports by Panjnoush et  al.,[30] Salemi 
et al.,[31] Khojastepour et al.,[32] and Mishra et al.[33]

For anatomical shapes of the nasopalatine duct, the 
most prevalent shape was found to be the single canal, 
followed by the Y-shaped canal and two parallel canals. 
These results were similar to the studies reported by 
Bornstein et al.[2] and Mishra et al.[33]

The variations in buccal bone wall thickness and 
nasopalatine duct measurements at different geographical 
altitudes are based on the studies reported by Moore,[34] 
Azad et al.,[35] and Julian and Moore,[36] as they report 
with respect to human physiology, that altitude 
produces a state of hypoxia, hemoglobin saturation, 
erythrocytosis, increased pulmonary diffusion capacity, 
increased tissue vascularization, increased number and 
density of circulatory capillaries, and increased capacity 
of cells to use oxygen, despite the low pressure. Another 
point to consider is growth influenced by genetic and 
nutritional factors, levels of habitual activity, and other 

Table 4: Comparison of buccal bone wall thickness by dental inclination per side according to city of origin
Buccal 
bone wall 
thickness

Dental inclination
Palatal Normal Buccal

Lima,  
X (SD)

Juliaca,  
X (SD)

P* Lima,  
X (SD)

Juliaca,  
X (SD)

P* Lima,  
X (SD)

Juliaca,  
X (SD)

P*

Right side At 
1 mm

0.62 (0.31) 0.61 (0.31) 0.91 0.62 (0.32) 0.63 (0.31) 0.54 0.65 (0.32) 0.50 (0.31) 0.29

 At 
3 mm

0.65 (0.47) 0.66 (0.42) 0.48 0.59 (0.40) 0.60 (0.38) 0.64 0.66 (0.42) 0.45 (0.26) 0.25

 At 
5 mm

0.47 (0.44) 0.51 (0.43) 0.27 0.42 (0.36) 0.45 (0.36) 0.13 0.60 (0.49) 0.43 (0.23) 0.58

Left side At 
1 mm

0.62 (0.33) 0.62 (0.32) 0.89 0.62 (0.32) 0.62 (0.30) 0.67 0.56 (0.31) 0.50 (0.31) 0.62

 At 
3 mm

0.63 (0.49) 0.66 (0.42) 0.18 0.60 (0.39) 0.59 (0.37) 0.99 0.55 (0.39) 0.45 (0.26) 0.68

 At 
5 mm

0.45 (0.44) 0.49 (0.41) 0.07 0.42 (0.36) 0.45 (0.37) 0.20 0.48 (0.44) 0.43 (0.23) 0.82

X = mean, SD= standard deviation
*The P value <0.05 is considered to be significant (Mann–Whitney U-test)

Table 5: Anatomical shapes of the nasopalatine duct 
according to city and sex

City Sex Simple 
duct

Two 
parallel 
ducts

Y form Total

f (%) f (%) f (%)
Lima Female 73 (67.59) 14 

(12.96)
21 

(19.44)
108 

(100.0)
 Male 43 (68.25) 8 (12.70) 12 

(19.05)
63 

(100.0)
Juliaca Female 38 (74.51) 7 (13.73) 6 

(11.76)
51 

(100.0)
 Male 21 (75.00) 6 (21.43) 1 (3.57) 28 

(100.0)
f = absolute frequency

Table 6: Anatomical shapes of nasopalatine duct by age 
group, according to city of origin

City Age Simple 
duct

Two parallel 
ducts

Y form Total

f (%) f (%) f (%)
Lima From 18 

to 32
39 (73.58) 4 (7.55) 10 (18.87) 53 

(100.0)
 From 33 

to 47
33 (63.46) 10 (19.23) 9 (17.31) 52 

(100.0)
 From 48 

to 77
44 (66.67) 8 (12.12) 14 (21.21) 66 

(100.0)
Juliaca From 18 

to 32
18 (66.67) 8 (29.63) 1 (3.30) 27 

(100.0)
 From 33 

to 47
18 (72.00) 2 (8.00) 5 (20.00) 25 

(100.0)
 From 48 

to 77
23 (85.19) 3 (11.11) 1 (3.70) 27 

(100.0)
f = absolute frequency
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socioeconomic and environmental characteristics. 
Residents at high altitude have a one- to two-year growth 
delay, a less pronounced growth spurt, and adolescents 
growing for about two years longer, that is, up to 22 years 
of age. However, the adult height remains short.[37,38] 
Meneses[39] reported that Peruvian children in Cusco (3400 
m a.s.l.) and Cerro de Pasco (4330 m a.s.l.) compared with 
children in Lima (154 m a.s.l.) are delayed in the onset of 
pubertal growth by a range of 8–18 months, with the peak 
of pubertal growth velocity occurring approximately at 
1.5–2 years later in these cities.

The importance of this research lies in the fact that, based 
on the results obtained and being the only study in which 
these measurements are compared in populations living at 
different altitudes, treatment decisions can be made based 
on a comprehensive evaluation of the edentulous space 
before implant placement, in order to optimize surgical 
planning and avoid clinical complications in this region 
that presents high aesthetic demands.

One of the limitations of this research is that 
the population group was limited to a two-year 
evaluation period, and a longitudinal design was not 
applied, which does not allow a causal relationship 
to be established between geographical altitude and 
anatomical variations of the buccal bone wall thickness 
and the nasopalatine duct.

Further studies in high-altitude cities are recommended to 
corroborate the results obtained. Clinical and tomographic 
assessment of patients residing in high-altitude cities is also 
necessary to demonstrate whether there is a correlation 
between both methods for anatomical evaluation of the 
buccal bone wall thickness and the nasopalatine duct.

Conclusions

Considering the limitations of this research, it can be 
concluded that the buccal bone wall thickness was 
greater in people living at higher altitudes, with this 
difference being significant at a level of 5 mm apical to 
the alveolar crest. With respect to sex, the buccal bone 
wall thickness was greater in the male sex for the city of 
Lima and greater in the female sex for the city of Juliaca. 
In relation to age, statistically significant differences 
were found for the buccal bone wall thickness and the 
dimensions of the nasopalatine duct, with a tendency 
for the measurements to decrease with age. According 
to dental inclination, the greatest buccal bone wall 
thickness was in buccal inclination, followed by palatal 
inclination and finally normal inclination. However, 
these differences were not significant.

Regarding the nasopalatine duct, significant differences 
were found for the length (greater in the city of Lima) 
and diameter at the nasal opening (greater in the city of 

Juliaca). For the dimensions of the nasopalatine duct 
according to sex, statistically significant differences 
were found, with higher values for the male sex. 
The most prevalent anatomical shape regardless of 
geographical altitude was the simple canal, followed by 
the “Y” shape and two parallel canals.
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