Nasolacrimal canal with septal deviation
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Aim: This study aimed to examine the nasolacrimal canal both proximally and distally in patients with septum deviation, in order to investigate the relationship
between septum deviation and nasolacrimal canal diameter and to explore its relationship with maxillary sinus diameter.

Material and Methods: Preoperative paranasal sinus computed tomography images of 50 male and 50 female adult patients who underwent septoplasty were
examined, and the deviated side (ipsilateral) and opposite side (contralateral) nasolacrimal canal diameters were measured at the proximal and distal parts.
Moreover, bilateral maxillary sinus height, anteroposterior, and horizontal diameters were also measured.

Results: No significant difference was found in the nasolacrimal canal diameter between the ipsilateral and contralateral sides, whether measured proximally
or distally (p>0.05). As a result of the measurements, it was observed that the nasolacrimal canal was wider in the proximal part than in the distal part without
being affected by the deviation side (p<0.05). Likewise, it was observed that the nasolacrimal canal was wider in males than in females without being affected
by the deviation side (p<0.05). Our study revealed no statistically significant differences between the ipsilateral and contralateral MS dimensions (p>0.05).
Discussion: The nasolacrimal canal in men is typically wider than in women; and it tends to be broader at the proximal end compared to the distal end. This
anatomical difference may explain why Primary Acquired Nasolacrimal Duct Obstruction is more prevalent in women and why obstruction is frequently
observed in the distal part of the canal. Whether septum deviation is one of the etiological factors causing Primary Acquired Nasolacrimal Duct Obstruction is
still a controversial issue in the medical community.
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Introduction

Nasal septal deviation is one of the most common anatomical
variations observed in the nose [1]. The nasal septum is a
structure located in the inner part of the nose, which plays an
important physiological role by regulating and supporting the
airway. Asymmetrical sloping of the nasal septum to either
side is called nasal septal deviation [2]. Possible risk factors
for asymmetric growth of the maxillary bone include childhood
traumas, as well as genetic and environmental influences [3].
The nasolacrimal canal; is mainly formed by the nasolacrimal
sulcus of the maxillary bone. Its cranial and lateral ends are
bounded by the lacrimal bone, while its inferomedial end is
formed by the lacrimal process of the inferior turbinate [4].
The nasolacrimal canal (NLC) is composed of two parts. The
intraosseous superior part is approximately 12 mm long,
while the membranous lower part is around 5 mm long. The
intraosseous part starts from the floor of the lacrimal fossa.
It is bounded laterally by “the maxillary bone, medially by the
lacrimal bone, and inferior turbinate” [5]. It opens into the
lateral nasal wall, terminating at the Hasner valve in the inferior
meatus. In women, the NLC becomes narrower towards the
valve of Hasner. Therefore, Primary Acquired Nasolacrimal Duct
Obstruction (PANCO) is more common in women [6].
Thin-section axial computed tomography (CT), is an exceptionally
effective imaging method for evaluating the lacrimal drainage
system and its relationship with surrounding tissues, primarily
due to its ability to clearly distinguish contrast differences
between soft tissue and bone [4]. This study was undertaken
due to the limited number of studies in the literature that
examine the relationship between nasal septum deviation, the
NLC, and other paranasal anatomical structures.

The NLC was examined both proximally and distally in
patients with septum deviation to investigate the relationship
between septum deviation and NLC diameter and to reveal its
relationship with maxillary sinus (MS) diameter.

Material and Methods

Subjects

This study, conducted retrospectively, involved 50 male and
50 female patients who underwent septoplasty following a
diagnosis of septum deviation, and who applied to Kirikkale
University Faculty of Medicine, Kirikkale Clinic between August
2015 and July 2019. The material of our study consisted of
PNS CT images of these patients taken before the septoplasty
operation between August 2015 and July 2019 at Kirikkale
University Medical Faculty Hospital, Department of Kirikkale
The individuals within the scope of the study were between the
ages of 19-62, and the mean age was found to be 33.86+11.26.
There are 32 people in the <25 age group, and 68 people in the
>25 age group. The side where the septum deviates is referred
to as ipsilateral, while the opposite side of the deviation is
called contralateral.

Inclusion criteria

The study included patients aged 18 to 75 who had PNS CT
images taken before the septoplasty operation with the
diagnosis of septum deviation, and there were no signs of nasal
polyposis, acute or chronic sinusitis in the CT images examined.
PNS CT images of 100 patients in the CT archive were analyzed

retrospectively.

Inclusion criteria when selecting images;

» The patient is18 years old or older

« Bilateral nasolacrimal canals are totally in the field of view

« Full inclusion of bilateral maxillary sinuses in the field of view
« Presence of septum deviation

+ No nasolacrimal canal obstruction symptoms

Exclusion criteria when selecting images;

» The patient is younger than 18 years old

« Bilateral nasolacrimal ducts or maxillary sinuses are not totally
in the field of view

« Image quality does not allow for inspection

« Patients have had a previous operation on the nasolacrimal
duct or paranasal sinuses

« Patients with previous septoplasty

« Patients with allergic rhinitis

PNS CT imaging and analysis

All scans were obtained using routine PNS CT imaging in the
supine position, without the use of contrast or sedation. The
images were captured with a 64-slice CT scanner (MSCT;
Brilliance 64, Philips Medical System, Best, the Netherlands)
using the following parameters: tube voltage = 120 kV, effective
mAs = 350, slice thickness = 1.00 mm, the field of view (FOV)
= 180 mm, and image matrix = 768 x 768. The evaluation
was performed on the coronal, axial, and sagittal planes in the
workstation by a single radiologist.

Measurements

1. Measurement of NLC diameters: The transverse diameters of
the NLC were measured by identifying the sections where the
canal is the widest, both proximally and distally on both sides
(Figure 1).

2. Measurement of MS diameters: The widest section of the
MS was identified on PNS CT images, and the maximum
anteroposterior and mediolateral dimensions were measured
(Figure 2). The height of the MS was assessed from the sections
in the coronal plane (Figure 3).

Statistical Analysis

The data collected in the study were analyzed using SPSS for
Windows version 20.0 software (SPSS, INC, an IBM Company,
Chicago, lllinois). The paired t-test, independent sample t-test,
and Pearson correlation test were used.

A p-value of less than 0.005 was considered to indicate
statistical significance.

Ethical Approval

Ethics committee approval was obtained from the Kirikkale
University Non-invasive Research Ethics Committee (Date:
2019-08-07, No: 2019/12).

Results

Nasolacrimal Canal Proximal and Distal Measurements

No significant differences were found between ipsilateral and
contralateral NLC proximal; and distal diameters (p>0.05)
(Table 1). In each of the ipsilateral, and contralateral groups
separately, proximal NLC diameters were significantly higher
than that of the distal NLC diameters (p<0.001) (Table 1).
Maxillary Sinus Measurements

No significant differences were found between ipsilateral and
contralateral MS measurement values (horizontal, anterior-
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Table 1. Nasolacrimal canal and maxillary sinus measurements of the ipsilateral and contralateral sides

Ipsilateral (n= Contralateral (n=

NLC diameters (mm)

SD SD Min

Proximal 4.2 0.84 2.30 6.00 4.2 0.80 2.60 7.40 -0.10 0.920
Distal 3.79 0.91 2.00 6. 40 3.81 0.96 2.10 7.50 -0.30 0.760
p <0.001 <0.001

MS (mm)

Horizontal 25.60 4.42 14.50 36.50 25.74 5.52 9.00 40.00 -0.33 0.740
Ant-Post 37.77 4.31 24.50 46.00 37.68 4.87 19.00 47.50 0.29 0.770
Height 39.04 6.7 19.00 53.00 38.42 6.30 14.00 49.70 1.93 0.050

*NLC: Nasolacrimal canal, MS: Maxillary sinus, Ant-Post: Anterior-Posterior

Table 2. Nasolacrimal canal and maxillary sinus measurements according to gender

Male (n=50) Female (n=50)
NLC diameters(mm)
SD Min SD Min
Proximal 4.31 0.83 2.90 6.00 3.73 0.76 2.30 5.30 0.001
Ipsilateral Distal 4.12 0.85 2.30 6. 40 3.47 0.86 2.00 6.00 0.000
p 0.009 0.008
Proximal 4.27 0. 85 2.70 7.40 3.78 0. 66 2.60 5.10 0.002
Contralateral Distal 4.14 0.98 2.50 7.50 3.49 0.83 2.10 5. 40 0.001
p 0.159 0.001
MS diameters(mm)
Horizontal 25.49 4.4 14.5 32.50 25.72 4.48 15.00 36. 50 0.789
Ipsilateral Ant-Post 38.79 4.76 24.5 46. 00 36.76 3.58 25.00 43.00 0.018
Height 40. 46 6.87 19.0 53.00 37.63 4.81 24.50 48.00 0.019
Horizontal 25.74 6.43 9.00 40. 00 25.74 4.49 13.50 35.50 1.000
Contralateral Ant-Post 38.47 5.77 19. 00 47.50 36.90 3.66 27.00 42.50 0.576
Height 39.06 7.1 14.00 49.70 37.78 5.50 24.50 48. 50 0.280

*NLC: Nasolacrimal canal, MS: Maxillary sinus, Ant-Post: Anterior-Posterior

Table 3. Correlation test results

Nasolacrimal Canal Maxillary Sinus
Ipsilateral Contralateral Ipsilateral Contralateral
q - q - q Anterior- A q Anterior- -
Proximal Distal Proximal Distal Horizontal . Height Horizontal . Height
Posterior Posterior
r 0.786 0.739 0.671 0.142 0.106 0.208 0.103 0.124 0.205
= Proximal
§ p 0.000 0.000 0.000 0.158 0.293 0.038 0.309 0.217 0.040
= ke
% i r 0.786 0.741 0.797 -0.104 -0.096 0.027 -0.119 -0.083 0.022
o - Distal
g p 0.000 0.000 0.000 0.305 0.341 0.787 0.238 0.413 0.828
% _ r 0.739 0.741 0.776 0.063 0.033 0.142 -0.046 0.026 0.102
2 g Proximal
2 = p 0.000 0.000 0.000 0.531 0.745 0.159 0.653 0.796 0.314
©
*E r 0.671 0.797 0.776 0.007 0.025 0.103 -0.055 -0.028 0.088
S Distal
o
p 0.000 0.000 0.000 0.948 0.802 0.306 0.589 0.778 0.385
r 0.142 -0.104 0.063 0.007 0.511 0.624 0.673 0.464 0.576
Horizontal
p 0.158 0.305 0.531 0.948 0.000 0.000 0.000 0.000 0.000
g r 0.106 -0.096 0.033 0.025 0.511 0.662 0.512 0.785 0.611
©  Anterior-Posterior
g_ p 0.293 0.341 0.745 0.802 0.000 0.000 0.000 0.000 0.000
9 r 0.208 0.027 0.142 0.103 0.624 0.662 0.621 0.657 0.863
= Height
"; p 0.038 0.787 0.159 0.306 0.000 0.000 0.000 0.000 0.000
©
= r 0.103 -0.119 -0.046 -0.055 0.673 0.512 0.621 0.613 0.684
o] Horizontal
= = p 0.309 0.238 0.653 0.589 0.000 0.000 0.000 0.000 0.000
% r 0.124 -0.083 0.026 -0.028 0.464 0.785 0.657 0.613 0.657
© Anterior-Posterior
= p 0.217 0413 0.796 0.778 0.000 0.000 0.000 0.000 0.000
o
o
r 0.205 0.022 0.102 0.088 0.576 0.611 0.863 0.684 0.657
Height
p 0.040 0.828 0.314 0.385 0.000 0.000 0.000 0.000 0.000
r 0.135 0.118 0.122 0.119 -0.015 0.112 0.048 -0.101 -0.002 0.080
Age
p 0.184 0.246 0.229 0.241 0.886 0.268 0.636 0.321 0.986 0.432
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<

Figure 1. Axial plane ipsilateral nasolacrimal canal transverse
diameter measurements

Figure 2. Contralateral nasolacrimal canal transverse diameter
measurement in the axial plane

Figure 3. Ipsilateral and contralateral nasolacrimal canal
transverse diameter measurement in the distal section

posterior dimensions and length) (p>0.05) (Table 1).

The NLC and MS measurements by gender are presented in
Table 2.

Nasolacrimal Canal Proximal and Distal Measurements
ipsilateral and contralateral NLC proximal and distal diameters
were significantly higher in males compared to females (p<0.05)
(Table 2). In both males and females, the ipsilateral proximal
NLC diameters were significantly higher than the distal NLC
(p<0.05) (Table 2). In females only, contralateral proximal
NLC diameters were significantly higher than the distal NLC
(p<0.05) (Table 2).

Maxillary Sinus Measurements

In females, the anterior-posterior dimension and height of the
ipsilateral MS were significantly lower than those in the males
(p<0.05) (Table 2). No significant differences were detected
in the contralateral MS measurements (horizontal, anterior-
posterior dimensions, and height) between male and female
patients (p>0.05) (Table 2).

Nasolacrimal Canal Proximal and Distal Measurements

No significant differences were found between ipsilateral
proximal, distal, proximal, NLC
dimensions of the subjects aged <25 years and those aged >25
years (p>0.05).

In the <25 years age group, contralateral proximal NLC

contralateral and distal

diameters were significantly higher than the distal NLC
(p<0.05) (Table 3). In the >25 years age group, both ipsilateral
and contralateral proximal NLC diameters were significantly
higher than the distal NLC (p<0.05).

Maxillary Sinus Measurements

No significant differences were found in the ipsilateral and
contralateral MS measurements (horizontal, anterior-posterior
dimensions, and height) between subjects aged 25 years or
younger and those older than 25 years (p>0.05).

Correlation test results are presented in Table 3:

-A positive correlation was identified between the ipsilateral
proximal NLC diameters and ipsilateral MS heights (p=0.038)
(Table 3)

-A positive correlation was found between the ipsilateral
proximal NLC diameters and contralateral MS heights.
(p=0.040) (Table 3)

-A strong positive correlation exists among all NLC diameter
measurements (p<0.05) (Table 3)

-A strong positive correlation was observed among all MS
diameter measurements (p<0.05) (Table 3).

-No significant correlation was detected between age and any
of the measurement parameters (p>0.05) (Table 3).

Discussion

The ipsilateral
independently. The ipsilateral proximal NLC diameters of
the males (4.31+0.83 mm) were significantly wider than
females (3.73+0.76 mm), and distal NLC diameters of the
males (4.12+0.85 mm) were significantly wider than females
(3.47+0.86 mm). Upon examining the contralateral side, the
proximal diameter of NLC was 4.27+0.85 mm in men and
3.78+0.66 mm in women (p=0.002). When we examined the
contralateral distal part, it was observed as 4.14+0.98 mm in
males and 3.49+0.83 mm in females (p=0.001). These findings,

and contralateral NLC were evaluated
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consistent with the studies of Sirik et al. [7] and Alfred et al.
[8], indicate that the nasolacrimal duct is wider in males than in
females, both proximally and distally, and that this difference is
not influenced by septum deviation. This could account for the
higher prevalence of acquired nasolacrimal duct obstruction in
women [9, 10].

MS development is proportional to facial bone development [11,
12]. In our study, the positive correlation between the proximal
diameter of the ipsilateral nasolacrimal duct and the height of
MS supports this information.

In the study of Whyte et al [13], it was stated that the volume
of fully developed MS is higher in men than in women. In our
study, the anteroposterior and horizontal diameters of MS on
the ipsilateral side were higher in men than in women(p<0.05).
However, there is no difference in heights of MS between men
and women (p>0.05).

In our study, septum deviation and MS diameters were assessed.
It was found that there were no statistically significant
differences ipsilateral and
diameters(p>0.05). Although we believe that the dimensions of
the MS are not affected by the deviation of the septum, it will
be beneficial to conduct prospective studies examining whether
the deviation occurs during development or in adulthood.

In the study of Cervelli et al. [14] involving adult patients, it was
reported that nasolacrimal canal obstruction is more affected
by turbinate hypertrophy than by septum deviation [14]. Our
findings, which show that NLC diameter measurements were
unaffected by septum deviation, support this conclusion.
Additionally, many publications in the literature that NLC
obstruction frequently occurs at the distal, internal ostium
level. In our study, it was observed that the proximal part of
the NLC was wider than the distal part on both the ipsilateral
and contralateral sides, and this difference was statistically
significant (p<0.05). The higher frequency of NLC obstruction

between contralateral side

in the distal region may be attributed to the narrower canal in
that area.

In the study of Dikici et al. [15], 37 patients with primary
acquired nasolacrimal canal obstruction (PANCO) in 48 eyes
were included, along with 37 patients in the control group. A
positive correlation was found between right and left, proximal
and distal diameters. There was no significant difference
between the groups when the diameter lengths were compared.
There was no significant difference between the groups
according to the direction and location of the deviation and
Mladina classification (p>0.05) [15]. Similar to the findings of
Dikici et al. [15], our study also identified a positive correlation
between the ipsilateral and contralateral diameters, both
proximally and distally. However, no significant difference was
observed between the ipsilateral and contralateral groups.

In the studies of Janssen [16], Groel [17], and Lee [18], it was
concluded that having a small nasolacrimal canal diameter
is one of the etiological factors causing nasolacrimal canal
obstruction. In our results, the diameter of the proximal part of
the canal was larger than the diameter of the distal part in all
groups. Therefore, it can be inferred that the pathologies in the
distal part of the canal are more likely to cause obstruction. The
fact that lower turbinate hypertrophy causes more obstruction
in the studies of Habesoglu [19], Cervelli [14], and Dikici [15]

supports this.

In the study of Habesoglu et al. [20] involving 41 patients with
PANCO, osteomeatal complex disease was observed on the
occluded side in 19.5% of the patients and on the healthy side
in 5% of the patients. Maxillary sinusitis was observed on the
occluded side in 24.4% of the cases, while it was observed on
the healthy side in 7.3% of the cases (p<0.05) [20]. Based on
the study of Habesoglu et al. [20], it can be suggested that
there is a relationship between the NLC and MS physiology.
In our study, a positive correlation was found between the
proximal diameter of the ipsilateral NLC and the height of
both the ipsilateral and contralateral MS (p<0.05). Additional
research is required to elucidate the developmental connection
between the nasolacrimal canal and the maxillary sinus. In the
study of Habesoglu et al. [20] found no statistically significant
association between septum deviation and nasolacrimal duct
obstruction in their study [20].

Sirik et al. [7] examined the NLC diameters between the
groups with and without deviation, no statistically significant
difference was detected [7]. Although the proximal and distal
parts were not assessed separately in this study, our analysis
showed no statistically significant differences when these
parts were evaluated separately. This suggests that there is
no relationship between septum deviation and nasolacrimal
canal diameter. However, our study did not consider the timing
of septal deviation during the developmental process and its
potential relationship with NLC diameter.

In Wang et al’s study [20], PNS CT images of 126 patients
with PANCO and a control group consisting of 76 people were
examined. The narrowest diameter of the NLC was significantly
smaller in the PANCO patient group (p<0.01). The angle
between the inferior turbinate and the medial wall of the MS
was significantly narrower in the PANCO patient group than in
the control group. Given that the distal part of the nasolacrimal
canal is narrower, it supports our perspective that pathologies
in this region have a greater impact.

Wang et al. [20] found no significant difference in the rate of
septal deviation and the side of occlusion between PANCO and
the control group, similar to our findings. This supports our view
that nasal septal deviation does not affect the diameter of the
NLC or the development of PANCO.

In the measurements taken, a positive correlation was found
between the proximal diameter of the NLC and bilateral MS
heights on the side of the deviation(p<0,005). This suggests
that in cases where MS is higher, the proximal diameter of the
nasolacrimal duct might be wider, as observed in coronal PNS
CT or Waaters X-ray. Particularly in individuals with MS atrophy,
there might be issues with the nasolacrimal duct on the same
side. Future studies are crucial to further explore and clarify this
relationship.

Conclusion

In conclusion, the NLC is wider in men than in women, and it
is also wider proximally than distally. This may explain why
PANCO is more common in women and why obstruction is
frequently observed in the distal part of the canal. The role of
septum deviation as an etiological factor in PANCO remains
a controversial issue in the medical community, and future
studies are important to clarify this issue.
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