GMJ.2024;13:¢3694

O RIGIN AL www.salviapub.com
WARTICLE

Received 2024-10-20
Revised  2024-10-08
Accepted 2024-12-04

Comparative Analysis of Palatal Depth and Nasal
Septum Deviation in Patients with and without
Maxillary Canine Impaction: A Cone Beam
Computed Tomography Study

Neda Shahraki !, Fatemeh Keikhaee !, Fatemeh Kahnemuee 2

' Department of Orthodontics, Oral and Dental Disease Research Center, Zahedan University of Medical Sciences, Zahedan, Iran
2 Department of Orthodontics, Zahedan Dental School, Zahedan University of Medical Science, Zahedan, Iran

Abstract

Background: The primary aim of this study was to compare palate depth and nasal septum de-
viation between patients with unilateral and bilateral buccal and palatal impactions of maxillary
canines and those without impaction. Materials and Methods: This cross-sectional study exam-
ined CBCT images of 60 patients from a private radiology archive, divided into four subgroups
of 10 patients each with unilateral or bilateral buccal and palatal impactions, and a control group
of 20 patients without impaction. Nasal deviation was assessed by measuring the distance of the
maximum convexity of the deviated septum from the midsagittal plane in the coronal CBCT cut.
Palate depth (PD) was measured as the perpendicular line from the middle of the axis connecting
the mesiopalatal cusp of the first molar to the hard palate. Measurements were performed using
NNT 16.3.1 software and validated by radiology and orthodontics specialists. Independent t-tests
were used for statistical comparisons. Results: There were no significant differences in palate
depth (p > 0.05) or nasal septum deviation (P > 0.05) between the control group and patients with
unilateral or bilateral buccal and palatal impactions of maxillary canines. Conclusion: The study
found no significant differences in palate depth and nasal septum deviation between patients with
and without maxillary canine impaction, suggesting that impaction does not significantly affect
these anatomical features. Further research is recommended to explore these findings in larger
populations.[GMJ.2024;13:e3694] DOI:10.31661/gmj.v13i.3694
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Introduction of the population, with a higher prevalence in
females and a greater incidence in the maxilla
Canine impaction is defined by the failure compared to the mandible [3, 4]. These im-

of the canine tooth to erupt within the ex- pacted canines can deviate from their normal
pected time frame, often due to its position- path, presenting as either buccal or palatal
ing below the alveolar bone [1, 2]. Maxillary impactions, each associated with distinct eti-
canine impaction is the second most common ologies and clinical implications. Palatal im-
dental impaction, affecting approximately 2% pactions are twice as common in females as
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males and are significantly more prevalent in
the maxilla [5, 6].

Factors contributing to maxillary canine im-
paction include disturbances in the dental
lamina, early canine development in the max-
illa, and minor forms of cleft lip and palate,
such as submucous cleft palate [5, 6]. Pala-
tially impacted canines often exhibit an au-
tosomal dominant inheritance pattern with
low penetrance and variable expressivity.
While palatal impactions are generally asso-
ciated with an excess of space in the dental
arch, buccal impactions typically result from
a lack of sufficient space for eruption [7]. The
precise etiology of palatal canine impactions
remains debated. Still, the adjacent lateral in-
cisor is thought to play a crucial role, either
due to genetic factors affecting both teeth or
its positional influence on the canine’s erup-
tion pathway [4, 8].

Understanding the anatomical variations asso-
ciated with these impactions, such as palatal
depth and nasal septum deviation, is critical
for diagnosis and treatment planning in or-
thodontics [9, 10]. Impacted canines can in-
fluence adjacent structures, leading to ortho-
dontic issues like altered arch width and deep
palates [11, 12]. However, specific studies
evaluating the relationship between maxillary
canine impaction and alterations in palatal
depth and nasal septum deviation are limited.
Additionally, while cone-beam computed to-
mography (CBCT) provides precise visualiza-
tion of impacted teeth and adjacent structures,
previous studies often lack a comparative
analysis involving control groups without im-
paction, making it difficult to establish defini-
tive clinical correlations [13, 14].

As previous studies on maxillary canine im-
paction have been limited by a lack of com-
parative analysis with control groups and
have not specifically investigated the Iranian
population, we aimed to compare the palatal
depth and nasal septum deviation in patients
with and without maxillary canine impaction
using CBCT in an Iranian population; this
study is novel in that it provides a compre-
hensive analysis of these anatomical features
in a specific ethnic group, which may exhibit
distinct characteristics due to genetic and en-
vironmental factors, and sheds light on the
relationship between maxillary canine impac-

A Cone Beam Computed Tomography Study

tion and adjacent structures in this population.
Materials and Methods

This cross-sectional study was conduct-
ed using cone-beam computed tomography
(CBCT) images from a private radiology ar-
chive. Ethical approval was obtained from
the Institutional Review Board of Zahedan
University of Medical Sciences (IR.ZAUMS.
REC.1402.371). The study adhered to the eth-
ical principles of the Declaration of Helsinki,
ensuring the confidentiality of all patient in-
formation.

CBCT images were retrospectively collected
from patients who visited a private radiology
clinic between January 2018 and December
2022. Patients were included if they had uni-
lateral or bilateral buccal and palatal impac-
tions of the maxillary canine. Exclusion cri-
teria included patients with edentulous ridges,
cleft lip and palate, craniofacial syndromes,
previous orthodontic treatment, or orthog-
nathic surgery.

The sample size was determined using the for-
mula:

(Zoj2 + Zp)? x 2 x o

n= 7

Assuming a confidence level of 95% (o =
0.05) and a critical value of 1.96, the minimum
sample size was calculated as 7 per group, and
10 patients were included per subgroup for a
total of 60 patients: 20 patients with unilater-
al impaction (10 buccal, 10 palatals), 20 with
bilateral impaction (10 buccal, 10 palatals),
and 20 controls without impaction. Patients
were randomly selected and matched to en-
sure similar distributions of gender and age
across the groups. If initial random selection
resulted in significant differences in gender or
age, adjustments were made to balance these
characteristics.

CBCT scans were acquired using the NEW
TOM Model (GIANO HR, voxel size: 300-
68 microns) with a field of view (FOV) rang-
ing from 10x8 cm to 16x18 cm depending
on scan mode (Prime, Advanced, or Profes-
sional 3D). Exposure times varied from 26 to
306 seconds. The scans were analyzed using
NNT-16.3.1 software. Measurements were
performed on coronal CBCT cuts to assess na-
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sal septum deviation and palate depth. Nasal
septum deviation was defined as the distance
from the maximum convexity of the deviated
septum to the midsagittal plane. Palate depth
was measured as the perpendicular distance
from the axis connecting the mesiopalatal
cusp of the first molar to the hard palate. All
measurements were reviewed and approved
by a radiologist and an orthodontic specialist.
Measurements were conducted by two trained
orthodontists and verified by a radiologist spe-
cializing in CBCT analysis. Calibration be-
tween operators was performed to minimize
performance bias and ensure measurement
consistency across all steps of the protocol.
After collecting the data and calculating the
mean and standard deviation in each sub-
group based on the presented table, SPSS-22
software (SPSS Inc, Chicago, 1L, USA) was
used for statistical analysis. Also, the means
palate depth and the nasal septum deviation
in the buccal and palatal impaction group and
the control group, (both unilateral and bilat-
eral impaction types) were compared using a
t-test.

The significance level for all data was consid-
ered at 0.05.

Results

In the present study, 60 CBCT samples were
investigated. Among them, 60 samples, 24 fe-
males and 16 males were in the study group
and 8 males and 12 females were in the control
group. The age range of people whose CBCT
sample was used was from 9 to 55 years old
(with a mean age of 18.25 years) in the study
group and from 8 to 49 years old (with a mean
age of 30 years) in the control group.

First, the Shapiro-Wilk test was performed. Its
results showed that the data distribution in all
groups does not follow the normal distribu-
tion (P<0.05). Therefore, the Kruskal-Wallis
test was used to compare the groups. Table-1
presents the measurement results for palate
depth (PD) and nasal septum deviation (NSD)
in five subgroups: unilateral buccal canine
impaction, bilateral buccal canine impaction,
unilateral palatal canine impaction, bilateral
palatal canine impaction, and a control group
without any maxillary canine impaction. For
PD, the mean values range from 18.98 mm
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(unilateral buccal) to 20.80 mm (control), with
medians ranging from 19.15 mm to 21.25 mm.
The interquartile ranges (IQR) vary from 1.80
mm to 6.35 mm, indicating the spread of the
middle 50% of the data. For NSD, the mean
values range from 0.61 mm (unilateral buccal)
to 3.09 mm (unilateral palatal), with medians
ranging from 0.00 mm to 4.25 mm. The IQRs
for NSD range from 0.28 mm to 5.33 mm.
The Kruskal-Wallis test showed no statistical-
ly significant differences in PD (p = 0.35) or
NSD (p = 0.09) among the subgroups.

For the unilateral buccal canine impaction
subgroup, the median PD was 19.15 mm with
a mean of 18.98 + 2.20 mm, and the median
NSD was 0 mm with a mean of 0.61 + 1.58
mm. The control group had a median PD of
21.25 mm with a mean of 20.80 + 2.93 mm,
and a median NSD of 0.40 mm with a mean
of 1.22 £ 1.62 mm. The P-values for the PD
and NSD comparisons between the unilateral
buccal subgroup and the control group were
0.09 and 0.21, respectively, indicating no
statistically significant differences. For the
bilateral buccal canine impaction subgroup,
the median PD was 20.80 mm with a mean of
20.39 £+ 3.25 mm, and the median NSD was
1.25 mm with a mean of 1.85 + 2.19 mm. The
control group had a median PD of 21.25 mm
with a mean of 20.80 = 2.93 mm, and a me-
dian NSD of 0.40 mm with a mean of 1.22 +
1.62 mm. The P-values for the PD and NSD
comparisons between the bilateral buccal sub-
group and the control group were 0.71 and
0.53, respectively, indicating no statistically
significant differences. For the unilateral pala-
tal canine impaction subgroup, the median PD
was 20.10 mm with a mean of 20.29 + 1.96
mm, and the median NSD was 4.25 mm with
a mean of 3.09 + 2.76 mm. The control group
had a median PD of 21.25 mm with a mean
of 20.80 + 2.93 mm, and a median NSD of
0.40 mm with a mean of 1.22 + 1.62 mm. The
P-values for the PD and NSD comparisons be-
tween the unilateral palatal subgroup and the
control group were 0.45 and 0.13, respective-
ly, indicating no statistically significant differ-
ences. For the bilateral palatal canine impac-
tion subgroup, the median PD was 19.45 mm
with a mean of 19.74 + 3.55 mm, and the me-
dian NSD was 2.80 mm with a mean of 2.60 +
2.08 mm. The control group had a median PD
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Table 1. Palate Depth (PD) and Nasal Septum Deviation (NSD) measurement results in 5 investigated sub-

spheres
. . P-value
Variables Cer.ltrz}l and dispersion Mean £SD Median IQR Min Max for the
indices of groups (mm) test
unilateral buccal canine impaction 18.98+2.20 19.15 290 15.60 23.21
bilateral buccal canine impaction ~ 20.39+3.25 20.80 1.80 12.60 25.50
PD unilateral palatal canine impaction 20.29+1.96 20.10 2.70 17.60 24.50  0.35
bilateral palatal canine impaction ~ 19.74+£3.55 1945 635 1530 26.40
Patients without any maxillary 6 5 93 5125 432 1410 2570
canine impaction(control)
unilateral buccal canine impaction ~ 0.61+1.58 0.00 0.28 0 5.00
bilateral buccal canine impaction ~ 1.85+2.19 1.25 3.35 0 6.50
NSD unilateral palatal canine impaction ~ 3.09+2.76 425 533 0 6.90 0.09
bilateral palatal canine impaction ~ 2.60+2.08 2.80 4.63 0 5.70
Patients without any maxillary 12241.62 040 253 0 590

canine impaction(control)

IQR: Interquartile Range

0f21.25 mm with a mean 0f 20.80 +£2.93 mm,
and a median NSD of 0.40 mm with a mean
of 1.22 £ 1.62 mm. The P-values for the PD
and NSD comparisons between the bilateral
palatal subgroup and the control group were
0.35 and 0.10, respectively, indicating no sta-
tistically significant differences.

Discussion

This study aimed to investigate palate depth
and nasal septum deviation in patients with
maxillary canine impaction, comparing var-
ious subgroups (unilateral buccal, unilateral
palatal, bilateral buccal, and bilateral palatal)
to a control group without impaction. Our
findings revealed no significant differences
in palate depth or nasal septum deviation be-
tween the impaction groups and the control
group, suggesting that these anatomical fea-
tures may not be influenced by the presence
of canine impaction.

Previous research by Schindel and Duffy
(2007) has demonstrated that impacted ca-
nines, particularly those in the palatal posi-
tion, are often associated with deeper palatal
vaults compared to non-impacted counter-
parts. Their study suggested that palatal mor-
phology might play a role in the development
of impaction, potentially serving as both a
contributing factor and a consequence of im-
paction [15]. This aligns with our findings,

which showed variable palatal depths among
different impaction types, although not statis-
tically significant.

The lack of difference in palate depth aligns
with findings by Elmarhoumy (2023) and
Sharhan et al. (2022), who also reported no
significant variations between patients with
canine impaction and control groups [16, 17].
In contrast, some studies have found notable
differences. For instance, Yassaei et al. (2022)
observed that maxillary arch width and palate
volume were significantly reduced on the im-
paction side compared to the non-impaction
side, highlighting potential variations in spe-
cific anatomical measurements that were not
evident in our broader comparison [13]. Sim-
ilarly, Genc et al. (2023) and Sobhani (2023)
identified smaller palate dimensions in impac-
tion groups compared to controls, particularly
in cases of palatal impaction, suggesting that
variations in study design, measurement tech-
niques, and sample sizes may influence these
conflicting results [18, 19].

Studies have shown varying results regard-
ing the association between maxillary canine
impaction and nasal septum deviation. For
instance, Erhamza et al. (2021) found that
maxillary canine impaction might be linked to
altered craniofacial structures, including nasal
septum deviation, suggesting that the impac-
tion may affect overall facial symmetry [20].
However, conflicting evidence was presented
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by Tassoker et al. (2020), who reported no
significant correlation between nasal septum
deviation and maxillary canine impaction,
highlighting the need for further research to
clarify this relationship [21].

Regarding nasal septum deviation, previous
studies by Kucukkaraca et al. (2023) and
Elmarhoumy (2023) indicated higher levels
of septum deviation in patients with canine
impaction compared to controls [16, 22]. El-
marhoumy (2023) reported septum deviation
in 60% of patients with palatal impaction and
80% in those with labial impaction, compared
to only 10% in controls, suggesting a poten-
tial association between impaction and nasal
deviation [16]. However, our results did not
replicate these findings, highlighting the need
for further research to clarify the relationship
between canine impaction and nasal septum
positioning.

The impact of maxillary canine impaction
on palatal depth in Iranian patients has been
explored in several studies, revealing mixed
findings. Yassaei et al. (2022) found that
while maxillary canine impaction is signifi-
cantly associated with a reduction in maxil-
lary arch width (P < 0.001), there was no sig-
nificant correlation between canine impaction
and palatal depth (R = 0.15, P-value = 0.326).
However, the study did highlight a significant
correlation between canine impaction and
palatal volume (R = 0.728, P-value < 0.001),
suggesting that the volume of the palate is
more affected than its depth [23]. In contrast,
Farhadifard et al. (2024) observed that ca-
nine impaction did not result in statistically
significant differences in palatal depth when
compared to the control group, despite signif-
icant changes in other maxillary dimensions
such as arch circumference, arch length, and
intermolar width [24]. Similarly, Fattahi et
al. (2023) reported no statistically significant
differences in palatal depth or palatal height
index between patients with palatal canine
impaction and a matched control group [25].
These findings suggest that while maxillary
canine impaction can influence various as-
pects of maxillary arch morphology, its effect
on palatal depth is less pronounced and may
not be a consistent feature across different pa-
tient populations. These confirmed our study
findings.
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The limited number of studies examining nasal
septum deviation in relation to maxillary ca-
nine impaction restricts the ability to draw de-
finitive conclusions. The septum’s formation
occurs earlier in life compared to the timing
of canine impaction, implying that impaction
may not directly affect septal positioning. Dif-
ferences in the anatomical and developmental
timing of these structures warrant cautious in-
terpretation of any associations observed.

A key strength of our study is the compre-
hensive analysis of various impaction types
(unilateral vs. bilateral and buccal vs. palatal),
allowing for a more detailed understanding of
anatomical variations. Additionally, our sam-
ple size was adequate relative to other studies
in the field, enhancing the reliability of our
findings. However, the variability in mea-
surement methods and sample demographics
across studies highlights the need for stan-
dardized protocols in future research.

Conclusion

Based on the investigations and statistical
analysis in this study, the following results
were obtained: There is no difference be-
tween the control group without impaction
and the patients with unilateral and bilateral
buccal and palatal impactions in terms of pal-
atal depth. Furthermore, there is no difference
between the control group without impaction
and the patients with unilateral and bilateral
buccal and palatal impaction in terms of na-
sal septum deviation. It is recommended that
more studies be conducted to measure other
dimensions of the mouth and nose cavity that
can be affected or cause canine impaction to
clarify its etiology as much as possible.

Acknowledgment

The authors would like to thank the Zahedan
University of Medical Sciences for approving
and supporting this study. The study protocol
was approved by the Ethics Committee of Za-
hedan University of Medical Sciences (ethics
code: IR.ZAUMS.REC.1402.371).

Conflict of Interest

Authors declare no conflict of interest.

GM1J.2024;13:¢3694
WWW.gmj.ir



Shahraki N, et al.

A Cone Beam Computed Tomography Study

References

1.

10.

11.

12.

Algerban A. Impacted maxillary canine in
unilateral cleft lip and palate: A literature
review. The Saudi dental journal. 2019 Jan
1;31(1):84-92.

Litsas G, Acar A. A review of early displaced
maxillary canines: etiology, diagnosis and
interceptive treatment. The open dentistry
journal. 2011 Mar 16;5:39.

Becker A, Chaushu G, Chaushu S. Analysis of
failure in the treatment of impacted maxillary
canines. American Journal of Orthodontics
and Dentofacial Orthopedics. 2010 Jun
1;137(6):743-54.

Fattahi HR, Pakshir HR. Use of panoramic
radiographs in localization of maxillary
impacted canines. Journal of Dentistry. 2005
Dec 1;6(3, 4):65-72.

D’ Oleo-Aracena MF, Arriola-Guillén LE,
Rodriguez-Cérdenas YA, Ruiz-Mora GA.
Skeletal and dentoalveolar bilateral dimensions
in unilateral palatally impacted canine using
cone beam computed tomography. Progress in
orthodontics. 2017 Dec;18:1-7.

Momeni Danaie S, Salehi P, Kalantary MH.
The importance of maxillary canine: A review.
Journal of Dentistry. 2019 Jan 22;4(3):53-61.
Liuk W, Olive RJ, Griffin M, Monsour P.
Associations between palatally displaced
canines and maxillary lateral incisors.
American Journal of Orthodontics and
Dentofacial Orthopedics. 2013 May
1;143(5):622-32.

Kanavakis G, Curran KM, Wiseman KC,
Barone NP, Finkelman MD, Srinivasan S,

Lee MB, Trotman CA. Evaluation of crown-
root angulation of lateral incisors adjacent

to palatally impacted canines. Progress in
Orthodontics. 2015 Dec;16:1-6.

Cruz RM. Orthodontic traction of impacted
canines: Concepts and clinical application.
Dental press journal of orthodontics. 2019
Jan;24:74-87.

Kajan ZD, Khademi J, Nemati S, Niksolat

E. The effects of septal deviation, concha
bullosa, and their combination on the depth of
posterior palatal arch in cone-beam computed
tomography. Journal of Dentistry. 2016
Mar;17(1):26.

Peck S. The palatally displaced canine as

a dental anomaly of genetic origin. Angle
Orthod. 1995;65:95-102.

Sharma S, Sharma P, Rathore A, Raza M.

3-D assessment of skeletal and dentoalveolar
bilateral dimensions in unilateral impacted
palatal canine cases—A CBCT study. Journal of
Clinical and Experimental Dentistry. 2023 Dec

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

1;15(12):e1007.

Yassaei S, Safi Y, Valian F, Mohammadi A.
Evaluation of maxillary arch width and palatal
volume and depth in patients with maxillary
impacted canine by CBCT. Heliyon. 2022 Oct
3;8(10):e10854.

Kareem FA, Rasheed TA, Rauf AM, Jalal RA,
Faraj BM. Three-dimensional measurements
of the Palate and Dental Arch Perimeter

as predictors for Maxillary Palatal Canine
Impaction—A Cone-Beam Computed
Tomography Image Analysis. Diagnostics.
2023 May 20;13(10):1808.

Schindel RH, Duffy SL. Maxillary transverse
discrepancies and potentially impacted
maxillary canines in mixed-dentition

patients. The Angle Orthodontist. 2007 May
1;77(3):430-5.

Elmarhoumy SM, Safwat W, Ellaithy M.
Evaluation of Palatal Depth and Nasal

Septum in Patients with Unilaterally Impacted
Maxillary Canines: A Cone Beam Tomography
Study. Al-Azhar Journal of Dental Science.
2023 Apr 1;26(2):241-6.

Sharhan HM, Almashraqi AA, Al-Fakeh

H, Alhashimi N, Abdulghani EA, Chen W,
Al-Sosowa AA, Cao B, Alhammadi MS.
Qualitative and quantitative three-dimensional
evaluation of maxillary basal and dentoalveolar
dimensions in patients with and without
maxillary impacted canines. Progress in
Orthodontics. 2022 Oct 24;23(1):38.

Sobhani F, Miresmaeili A, Mahjub H,
Farhadian M. Statistical shape analysis of
maxillary palatal morphology in patients with
palatally displaced canines. BMC Medical
Imaging. 2023 Nov 29;23(1):198.

Genc E, Karaman A. Investigation of the
relationship between maxillary dimensions and
labial and palatal maxillary impacted canines
using cone beam computed tomography.
Journal of Stomatology, Oral and Maxillofacial
Surgery. 2023 Feb 1;124(1):101282.

Erhamza TS, Akan B. Is there a relationship
between buccally displaced maxillary canine
and nasal septum deviation?. Eastern Journal of
Medicine. 2021;26(1):53-6.

Tassoker M, Magat G, Lale B, Gulec M,
Ozcan S, Orhan K. Is the maxillary sinus
volume affected by concha bullosa, nasal septal
deviation, and impacted teeth A CBCT study.
European Archives of Oto-Rhino-Laryngology.
2020 Jan;277:227-33.

Kucukkaraca E. Is There a Relationship
Between Unilateral/Bilateral Impacted
Maxillary Canines and Nasal Septum

GM1J.2024;13:¢3694
WWW.gmj.ir



A Cone Beam Computed Tomography Study

23.

24,

25.

Deviation? Cureus. 2023 Oct
29;15(10):e47931.

Yassaei S, Safi Y, Valian F, Mohammadi A.
Evaluation of maxillary arch width and palatal
volume and depth in patients with maxillary
impacted canine by CBCT. Heliyon. 2022 Oct
3;8(10):e10854.

Farhadifard H, Shokri A, Salehzadeh M,
Farhadian M, Ahmadpour Y. Evaluation of
the relationship between maxillary canine
impaction with arch dimensions and maxillary
sinus dimensions using Cone Beam Computed
Tomography (CBCT). World Journal of Plastic
Surgery. 2024;13(2):32.

Fattahi H, Ghaeed F, Alipour A. Association
between maxillary canine impaction and arch
dimensions. Australasian Orthodontic Journal.
2012 May 1;28(1):57-62.

Shahraki N, et al.

GM1J.2024;13:3694

WWW.gmj.ir



