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Evaluation of Bony Nasolacrimal Ducts in Koreans with Primary Acquired
Nasolacrimal Duct Obstruction
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Purpose: To evaluate the morphometric differences of bony nasolacrimal ducts (BNLDs) using computed tomography (CT) in
Koreans with primary acquired nasolacrimal duct obstruction (PANDO).
Methods: From March 2014 to March 2016, 40 unilateral PANDO patients and 40 control subjects were retrospectively
reviewed. The axial, sagittal, and coronal planes of CT were used for image evaluation. The proximal, minimal, and distal trans-
verse diameters (TDs) of the BNLD were assessed. The length, sagittal orientation angle of BNLD, relative lacrimal sac-BNLD
angle, nasal floor-BNLD angle, and turbinate angle were investigated. In addition, the distance between the bilateral BNLD and

inter-frontozygomatic suture distance were also measured.

Results: There were no morphologic differences between the PANDO and non-PANDO sides within PANDO patients. The prox-
imal and minimum BNLD TD measurements were significantly narrower in the PANDO patients, as compared with the control
group (p =0.010 and p = 0.017, respectively). The lacrimal sac-BNLD angle, nasal floor-BNLD angle, and turbinate angle also
exhibited statistically significant differences between the PANDO patients and the control group (p = 0.019, p = 0.001, and p <

0.001, respectively).

Conclusions: Although this study was performed in a small group, the narrow proximal and minimum BNLD TD in PANDO pa-
tients (in both the PANDO and non-PANDO sides) may be associated with PANDO development in Koreans. Additionally, the
narrow lacrimal sac-BNLD, nasal floor-BNLD, and turbinate angle might be possible causative factors of PANDO.
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Figure 1. Bony nasolacrimal duct (BNLD) measurements with computed tomography (CT). (A) Axial CT image in bone window
demonstrates BNLD transverse diameter (yellow line) measurement. (B) It reveals distance between the proximal BNLD (green
line). (C) It shows inter-frontozygomatic suture distance (white line).

Figure 2. Bony nasolacrimal duct (BNLD) measurements with computed tomography (CT). (A) Sagittal CT image reveals BNLD
length (orange line) and proximal, minimal, distal BNLD anteroposterior diameter (yellow lines) measurements, respectively. ‘a’
demonstrates measurement of sagittal orientation angle between long axis (white line) of BNLD and nasal floor (black line). (B)
Coronal CT image shows relative lacrimal sac-BNLD orientation angle ‘b’ between long axis of lacrimal sac fossa (green line) and
BNLD (white line). ‘c’ reveals angle between long axis of BNLD (white line) and nasal floor (black line). (C) It demonstrates angle
(red line) between the bony inferior turbinate and upper part of the medial wall of the maxillary sinus.
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Table 1. Patient characteristics
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Total PANDO (n = 40) Control (n = 40) p-value
Age (years) 59.8 £ 12.3 61.8 + 13.8 57.9 + 10.6 0.228"
Sex (M/F) 18/62 8/32 10/30 0.592"
OD/OS 44/36 22/18 22/18 1.000

Values are presented as mean + SD unless otherwise indicated.

PANDO = primary acquired nasolacrimal duct obstruction; SD = standard deviation; M = male; F = female; OD = oculus dexter; OS =

oculus sinister.

"No statistical significance using a student r-test; 'No statistical significance using a x* for independence (p < 0.05).

Table 2. Values of measurements in PANDO side, non-PANDO side, and control groups

Measurements PANDO (n = 40) Non-PANDO (n = 40) Control (n = 40) p—Value*
Axial image
Proximal BNLD TD (mm) 4.31 £+ 0.62 4.39 + 0.78 4.84 + 0.85 0.010
Minimum BNLD TD (mm) 3.91 £ 0.68 3.95 + 0.66 4.43 +0.92 0.017
Distal BNLD TD (mm) 4.47 £+ 0.66 4.61 + 0.61 4.71 + 0.85 0.428
Inter-FZS distance (mm) 95.32 +3.27 95.32 +3.27 96.35 + 4.73 0.488
Inter-BNLD distance (mm) 29.37 £ 1.28 29.37 + 1.28 29.79 + 2.41 0.554
Sagittal image
BNLD length (mm) 11.92 + 1.99 11.81 + 1.82 12.27 + 1.63 0.586
Proximal BNLD APD (mm) 5.19 £ 0.72 5.15 £ 0.70 5.30 £ 0.93 0.737
Minimum BNLD APD (mm) 4.79 + 0.76 4.90 + 0.71 4.98 + 0.86 0.656
Distal BNLD APD (mm) 5.80 + 0.94 5.64 + 1.34 5.98 +1.03 0.746
Sagittal orientation angle (°) 114.36 + 5.71 115.08 + 5.38 113.48 + 7.37 0.611
Coronal image
Lacrimal sac-BNLD angle (°) 21.88 + 7.92 22.27 £ 7.13 26.89 + 7.42 0.019
Nasal floor-BNLD angle (°) 91.96 + 3.10 93.03 + 3.36 95.51 + 4.46 0.001
Turbinate angle (°) 42.06 + 7.52 43.75 + 6.68 50.87 + 7.84 <0.001

Values are presented as mean + SD unless otherwise indicated.

PANDO = primary acquired nasolacrimal duct obstruction; BNLD = bony nasolacrimal duct; TD

= transverse diameter; FZS = frontozygo-

matic suture; APD = anteroposterior diameter; SD = standard deviation.
"One way analysis of variance (ANOVA) test (p < 0.05). There was no statistically significant difference between PANDO side and non-

PANDO side (p > 0.5, Post hoc test).
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Table 3. Pearson correlation coefficients between values of measurements
Measurements Mean + SD 1 2 3 4 5 6 7
1. Proximal BNLD TD (mm) 4.57 £ 0.78
2. Minimum BNLD TD (mm) 4.17 £ 0.84  0.800
p < 0.001
3. Inter-FZS distance (mm) 95.84 + 4.07 0.276" 0.132
p=0.033 p=0316
4. Inter-BNLD distance (mm) 29.58 + 1.92 0.196 0.299" 0.410"
p=0.134 p=0021 p=0.001
5. BNLD length (mm) 12.1 + 1.82 0.283" 0.123 0.033 -0.001
p=0.028 p=0.350 p=0.802 p=0.993
6. Lacrimal sac-BNLD angle (°) 24.73 + 7.91 0.012 -0.022 0.134 0.097 0.130
p=0929 p=0.85 p=0308 p=0461 p=0.320
7. Nasal floor-BNLD angle (°) 93.73 + 5.66 0.143 0.229 0.294" 0.134 0.057 0.497"
p=0277 p=0078 p=0.022 p=0307 p=0.663 p<0.001
8. Turbinate angle (°) 46.47 4+ 8.82 0.222 0.337° -0.155 0.056 0.149 0.368" 0.356"
p=0.08 p=0.009 p=0237 p=0673 p=0257 p=0.004 p=0.005

Values are presented as mean + SD unless otherwise indicated.

BNLD = bony nasolacrimal duct; TD = transverse diameter; FZS = frontozygomatic suture; SD = standard deviation.
*Pearson correlation coefficient (r): p < 0.05; "Pearson correlation coefficient (r): p < 0.01.
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