
Introduction 
Nasolacrimal duct (NLD) is located in maxilla and ante-
rior to the maxillary sinus. The NLD is a bony canal con-
taining a mucous membrane. This mucous membrane 
continues proximally and forms the lacrimal sac.[1] The 
NLD begins to form with the thickening of the ectoderm 
in the groove between the maxillary and nasal ridges at 
about the 5th week of pregnancy and this process is com-
pleted at birth.[2] The mucous membrane than extends 
from lacrimal sac and opens into inferior nasal meatus 
within the bony NLD. The most common pathology of 
lacrimal system is obstruction of the NLD. The obstruc-
tion can be congenital or acquired. Acquired NLD 
obstruction is classified as primary or secondary. 
Although primary acquired NLD obstruction could be 
caused by various reasons, it was reported that volume of 

the NLD may be one of the important factors.[3,4] 
Moreover, NLD obstruction could be listed as an impor-
tant reason of epiphora.[5] Treatment protocols must be 
selected according to the shape and trajectory of NLD. 
However, surgeons should be aware about anatomical 
differences among various population to achieve success-
ful results of surgeries. Therefore, comparisons of NLD 
volume between different populations were reported in 
previous studies.[4,6−9] 

Maxillary sinus, the largest paranasal sinus, is located 
in body of the maxilla.[1] This sinus begins to form at the 
17th gestational week and is visible at birth. However, its 
development continues after birth until 18−20 ages.[10] It 
has different variations which can be related with 
sinonasal pathologies.[11] Furthermore, nasal septum 
deviation could decrease ventilation and development of 
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Abstract 

Objectives: The aim of this study was to evaluate the morphometric properties of the bony part of the nasolacrimal duct and 
its relationship with nasal septum and maxillary sinus. 

Methods: High resolution three-dimensional paranasal sinus computed tomography images of 115 individuals (39 women, 76 
men) with a mean age of 39.08 years (min: 20, max: 79) were evaluated retrospectively. Individuals with any pathology, trauma 
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Results: Volume of maxillary sinus was higher in men while volume of bony nasolacrimal duct had no significant differences 
between genders. There was significant correlation between maxillary sinus volume and anteroposterior cranial distance, how-
ever volume of bony nasolacrimal duct had no significant correlation with anteroposterior cranial distance. Relation between vol-
ume of maxillary sinus and bony nasolacrimal duct was significant. The nasal septum deviation had no effect on volume of max-
illary sinus and bony nasolacrimal duct.  

Conclusion: A detailed knowledge on morphometric relationship of nasolacrimal duct with maxillary sinus and nasal septum is 
important for physicians during sinus surgeries and treatment of nasolacrimal duct obstructions. We suggest that there is a sig-
nificant correlation between volume of maxillary sinus and bony nasolacrimal duct. This information may be useful for explain-
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maxillary sinus.[12] It was demonstrated that an excessive 
nasal septum deviation could block the osteomeatal com-
plex and effect development of the maxillary sinus.[13] 

Additionally, a recent study demonstrated that nasal sep-
tum deviation could increase the risk of development 
maxillary sinusitis.[14] A previous study evaluated effects 
of craniometric features on NLD morphometry in 
healthy participants.[15] An another clinical study com-
pared the NLD’s morphometric properties between 
healthy and primary acquired NLD obstruction 
patients.[16] On the other hand, since the inferior wall of 
maxillary sinus is formed by a thin cortical bone layer, it 
is in close relation with the roots of maxillary molar 
teeth. Tooth extraction or missing teeth may change the 
volume of maxillary sinus by time.[17,18] 

The clinical studies were mostly focused on mucous 
canal pathologies of the NLD, however, we hypothesize 
that the morphometric properties of bony part of the 
NLD may also effect on the pathological conditions. 
Therefore, the aim of this study was to evaluate morpho-
metric properties of the bony NLD and duct and its rela-
tionship with nasal septum and maxillary sinus using 
three-dimensional paranasal sinus computed tomography.   

Materials and Methods 
Computed tomography (CT) images of paranasal sinuses 
belonging to 244 patients were analyzed. Patients with neo-
plasia, infection, trauma or previous paranasal surgery were 
excluded. Accordingly, paranasal CT images of 115 healthy 
individuals (39 women; 76 men) were included to the study. 
The mean age of women was 40.08±15.27 (range: 20−76) 
years, while of men was 38.58±13.57 (range: 20−79) years. 
CT image series were reconstructed three-dimensionally 
using free licensed Osirix-Lite software.  

Three-dimensional paranasal sinus CTs were per-
formed with a 64 slice detector CT scanner (Toshiba 
Aquillon 64, Otawara, Japan). The collimation had a 
slice thickness of 1 mm, 0.8 mm spacing and a pitch of 
1.0, 120 kV (peak) and 150 effective mA s. All partici-
pants’ CT image series were obtained from the picture 
archiving and communication system (PACS) of the 
Balikesir University Hospital. All measurement were 
completed by a 15-year experienced radiologist and a 10-
year experienced anatomist using Osirix-Lite software 
(Pixmeo, SARL, Switzerland).  

All CT procedures were completed while the partici-
pants were in supine position. To standardize measure-
ments, hard palate was arranged parallel to transverse sec-
tion and all parameters were measured according to this 
position. The anteroposterior cranial distance was meau-

red from the tip of nasal bone to the external occipital pro-
tuberance in sagittal sections (Figure 1). For calculating 
maxillary sinus volume, a region of interest (ROI) was cre-
ated by drawing borders of the maxillary sinus using pen-
cil function of Osirix-Lite software in axial sections. Then, 
the volume of selected ROI was calculated (Figure 2). 
This process was repeated separately for right and left 
sides. The same volume calculation protocol was used for 
calculating NLD volume bilaterally (Figure 3). The devi-
ation in the nasal septum was classified according to 
MLADINA classification system in coronal sections.[19] 
(Figure 4) Additionally, the maxillary dental status of par-
ticipants were grouped as; complete and missing. Then 
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Figure 1. Anteroposterior cranial distance from tip of the nasal bone to 
the externa occipital protuberance.

Figure 2. Selecting region of interest (ROI) for calculating maxillary sinus 
volume.



the volume of maxillary sinus between two groups were 
compared. 

Statistical analysis was performed with SPSS (Version 
26, Armonk, NY, USA) with 95% confidence interval. All 
variables were investigated using histograms and probabil-
ity plots. Kolmogorov-Smirnov and Shapiro-Wilk test 
was used to define whether the variables distributed nor-
mally or not. The student’s t-test was used for normally 
distributed variables, and Mann-Whitney U test was used 
for non-normally distributed variables for comparison 
between genders. Pearson or Spearman’s rho correlation 
analyses were performed according to suitability of values’ 
distributions. Paired sample t-test or Wilcoxon test were 
used for comparing right and left sides. One-way ANOVA 
or Kruskal-Wallis tests were used for comparing variables 
between the groups with nasal septum deviation.   

Results 
The results of the measurements were summarized in 
Table 1. 

The maxillary sinus volume had a wide range between 
6.84 cm3 and 35.85 cm3. The mean volume of maxillary 
sinus was 16.41±4.53 (range: 6.84–24.15) cm3 in women, 
while it was 20.85±5.97 (range: 10.02–35.85) cm3 in men 
on the right side. The mean volume of the sinus was 
15.98±4.37 (range: 7.64–22.99) cm3 in women, while it was 
20.35±5.91 (range: 8.85–34.75) cm3 in men on the left side.   

The NLD volume was 0.23±0.07 (range: 0.1–0.49) cm3 
in women, while it was 0.25±0.08 (range: 0.11–0.5) cm3 in 

men on the right side. It was 0.23±0.09 cm3 (range: 0.11–
0.5) in women, while it was 0.24±0.08 (range: 0.12–0.53) 
cm3 in men on the left side.  

After evaluating nasal septum classification according 
to MLADINA classification,[19] our results demonstrated 
that 12 of the participants (10.4%) had no septal devia-

71Morphometric relationship of nasolacrimal duct with maxillary sinus and nasal septum

Anatomy • Volume 16 / Issue 2 / August 2022

Figure 3. Selecting region of interest (ROI) for calculating the volume of 
nasolacrimal duct (arrows).

Figure 4. MLADINA classification[19] of nasal septum deviation in coronal section.

Type 1 Type 2 Type 3

Type 4 Type 5 Type 7



tion. Type 1, type 2, type 3, type 4, type 5 and type 7 
nasal septum deviations were seen in 9 (7.8%), 9 (7.8%), 
34 (29.6%), 29 (25.2%), 17 (14.8%) and 5 (4.3%) of the 
participants, respectively. It was seen that none of partic-
ipants had type 6 nasal septum deviation in our study.  

After volume of right and left maxillary sinus evaluat-
ed within genders, it was seen that there was no signifi-
cant differences between right and left maxillary sinus in 
women and men (p=0.149 in women; p=0.117 in men). 
Maxillary sinus was larger in men than women on right 
side (p<0.001) and left side (p<0.001). Maxillary sinus 
volume comparison between right and left sides without 
regarding gender, showed that right maxillary sinus was 
larger than left maxillary sinus (p<0.05). 

Correlation analyses between maxillary sinus volume 
and age showed no significant correlations between vol-
ume of maxillary sinus and age of participants on both 
sides (right side p=0.16; left side p=0.8). 

The volume of right and left NLDs demonstrated no 
significant differences in women (p=0.399) and in men 
(p=0.134). Furthermore, volume of the NLD had no sig-
nificant differences on both sides between genders (right 
side p=0.413; left side p=0.485). Besides that, NLD volume 
comparison between right and left sides without regarding 
gender, it was demonstrated that there was no significant 
difference between right and left sides (p=0.093). 

Correlation analyses between NLD volume and age of 
participants demonstrated no significant correlation on 
both side (right side p 0.368; left side p=0.707). Men had 
longer anteroposterior cranial distance than women 
(p<0.05). However, maxillary sinus volume had no signifi-
cant correlation with anteroposterior cranial diameter in 
women (right side p=0.171; left side p=0.131) and in men 
(right side p=0.229; left side p=0.068). Furthermore, cor-

relations between anteroposterior cranial distance and 
maxillary sinus volumes without regarding genders, it was 
seen that there were significant correlations on both sides 
(right side r= 0.376, p<0.001; left side r=0.37, p<0.001). 

The NLD volumes had no significant correlations 
with anteroposterior cranial distance on both sides in 
women (right side p=0.693; left side p=0.561) and men 
(right side p=0.153; left side p=0.411). Beside these, cor-
relations between anteroposterior cranial distance and 
NLD volumes without regarding genders showed that 
there was no significant correlation on both sides (right 
side p=0.06; left side p=0.1). 

The correlations between maxillary sinus and NLD 
volumes showed a significant correlation between maxil-
lary sinus and NLD volumes in men on both sides (right 
side r=0.277, p<0.05; left side r=0.241, p<0.05). Evaluating 
correlations between maxillary sinus and NLD volumes 
without regarding genders demonstrated that there was a 
significant correlation between maxillary sinus and NLD 
volumes on the right side (r=0.244, p<0.05). 

The relation nasal septum deviation groups with 
maxillary and NLD volumes demonstrated no signifi-
cant difference between nasal septum classification 
group and maxillary sinus volume on both sides (right 
side p=0.591; left side p=0.527). Furthermore, there was 
no significant difference between nasal septum deviation 
group and NLD volume on both sides (right p=0.949; 
left side p=0.694). No significant difference was found 
between dental status of the participants and gender 
groups (p<0.05). 

Discussion 
The main purpose of this study was to evaluate the mor-
phometric properties of the bony NLD, maxillary sinus 
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Table 1  
Summary of the results.

Gender n Mean±SD Min. Max. 

Anteroposterior cranial distance (cm) Women 39 17.50±0.66 16.43 19.15 

Men 76 18.45±0.67 16.88 19.90 

Volume of right maxillary sinus (cm³) Women 39 16.41±4.53 6.84 24.15 

Men 76 20.85±5.97 10.02 35.85 

Volume of left maxillary sinus (cm³) Women 39 15.98±4.37 7.64 22.99 

Men 76 20.35±5.91 8.85 34.75 

Volume of right NLD (cm³) Women 39 0.23±0.07 0.10 0.49 

Men 76 0.25±0.08 0.11 0.50 

Volume of left NLD (cm³) Women 39 0.23±0.09 0.11 0.50 

Men 76 0.24±0.08 0.12 0.53 

NLD: nasolacrimal duct.



and their relations with nasal septum. We included par-
ticipants older than 20 years in the current study since 
these structures complete development at about 18-19 
years of age.[10] Additionally, we investigated effects of 
age and anteroposterior cranial distance on the anatom-
ical characteristics of these structures. 

Our results demonstrated that age had no effect on 
morphometric properties on the bony NLD and maxillary 
sinus. Furthermore, anteroposterior cranial distance had 
no significant effect on anatomy of bony NLD and maxil-
lary sinus, as well. We expected some possible effects of 
nasal septum deviation on bony NLD and maxillary sinus 
morphometry, but our results demonstrated that it had no 
significant effect on the morphometry of these structures. 
We also questioned whether morphometric properties of 
maxillary sinus and bony NLD could affect each other. 
Our results showed a positive and statistically significant 
correlation between these structures in men.  

With development of endoscopic surgical techniques, 
endoscopic resection is widely used for the treatment of 
sinonasal tumors. The NLD could be damaged or opened 
carefully during sinus surgeries.[20,21] Furthermore, treat-
ment of congenital or acquired obstructions is commonly 
focused by physicians.[22−26] Recent morphometric studies 
mainly focused on patients who had any pathology in their 
lacrimal system.[27−31] A clinical study revealed that patients 
with primary acquired NLD obstruction had narrower 
duct than healthy participants, although there were no 
morphometric differences between obstructed side and 
non-obstructed side.[16] The structural characteristics of 
the lacrimal system were also examined in healthy partici-
pants or cadavers.[9,32−37] In a previous study on patients 
with or without osteomeatal complex variations demon-
strated that the NLD volume was higher in presence of 
variations such as agger nasi, concha bullosa and pneuma-
tized uncinate process.[38] This study suggested that not 
only pathologies, but also anatomical variations should be 
considered while planning surgeries. It was demonstrated 
that morphometric properties of proximal end of the 
NLD had significant positive correlation with anteropos-
terior distance of cranium.[15] This result indicated that 
types and morphometric properties of cranium could be 
the key factor for determining surgical techniques for 
treatment of NLD obstructions. 

Pneumatization of maxillary sinus is depended on 
various factors such as tooth extraction. Pathological 
tooth loss may also effect maxillary sinus volume. 
Inferior wall of maxillary sinus may collapse into the 
alveolar spaces at region of missing teeth, therefore sinus 
volume increases.[39−41] However, our results did not 
demonstrate any significant effect of missing teeth on 

the maxillary sinus volume. Nevertheless, our results 
may not indicate a precise result since we had limited 
data about dental status of participants. 

There are anatomical studies that evaluated maxillary 
sinus morphometry in relation with the presence of nasal 
septum deviation.[42−45] Furthermore, other studies focused 
on relationship between nasal septum deviations and max-
illary sinus pathologies.[13,14,46−48] However, effects of nasal 
septum deviation on NLD were investigated mainly on 
patients with NLD obstruction.[49−53] In our study, we 
examined the morphometric characteristic of NLD in 
relation with nasal septum deviation in participants who 
had no NLD obstruction, therefore, it may be useful for 
surgeons while deciding surgical technique for treatment 
of any pathology in NLD or maxillary sinus. Thus, the risk 
of unexpected iatrogenic injuries may be avoided and 
recovery period could be shorter. 

Since this study was designed as a retrospective study, 
participants’ body measurement data such as height, 
weight, body mass index could not be evaluated. Although 
we evaluated maxillary sinus volumes with dental status, 
our results may not demonstrate a precise result, since we 
did not have any data about for how long and why the par-
ticipants lost their teeth.  

Conclusion 
Our results demonstrated morphometric relations between 
maxillary sinus and NLD which may be important and 
helpful for physicians during an accurate diagnosis and 
planning surgical techniques. Comparing our results with 
clinical studies may contribute to selecting criteria for an 
ideal surgical technique. Thus, it may improve post-oper-
ative life quality of patients who would need surgery 
against paranasal sinuses and NLD, as well. 
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