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Abstract

Objective:  To establish diameters of normal lacrimal gland (LG) on computed tomography (CT) in the 
Thai population and to compare the results with other ethnicities.

Methods:  There were 616 CT images of LGs (308 patients). The maximal dimension of length and 
width of LGs in Thai adults were measured on axial and coronal orbital CT in patients who 
were free of orbital disorders. The LG sizes were summarized by using descriptive statistics 
and analyzed in terms of age, gender and laterality. Comparison between Thai LGs size and 
other ethnicities from previous literatures were performed.

Results:  The mean axial lengths in the right and left LG were 12.61 ± 3.04 mm and 12.31 ± 2.94 
mm. Coronal lengths of the right and left LG were 13.38 ± 3.60 mm and 13.51 ± 3.70 mm. 
Axial widths in the right and left LG averaged 4.30 ± 2.50 mm and 4.25 ± 1.26 mm. Coronal 
widths in the right and left LG were 4.03 ± 1.42 mm and 4.11 ± 2.40 mm. There was no 
significant difference in LG size between both sides and genders except for AL which was 
significantly longer in males. A significant inverse linear relationship was observed between 
gland size and age. Thai LGs were significantly shorter to those of other ethnicities in some 
dimensions. 

Conclusions:  Diameters of normal LGs in the adult Thai population showed significantly different from 
those of other ethnicities in some dimensions. Knowledge of the normal LG dimensions for 
a given patient’s ethnicity could be helpful in diagnosis.
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Introduction
The lacrimal glands (LGs) can be affected 

by a wide spectrum of orbital pathologies.1-7 In 
general, 50% of the diseases affecting the LGs are 
inflammatory (including autoimmune diseases), 
25% of the lesions are lymphoproliferative disorders, 
and 25% of the lesions are salivary gland type  
tumors.1 Some of these conditions present with LG  
enlargement or atrophy.1-7 With accurate clinical 
and preoperative imaging, biopsy can be avoided.  
Therefore, it is necessary to know the normal  
dimensions of LGs in order to differentiate between 
LGs which are healthy and those which are  
diseased. There were previous literatures reported 
LG sizes which showed some difference among 
various ethnicities.8-13 To the best of our knowledge,  
the normal dimensions of Thai LGs measured 
on computed tomography (CT) had not been  
determined prior to this study. 

Objective: To establish normal diameters of  
lacrimal gland (LG) on computed tomography (CT) 
in the Thai population and to compare the results 
with LG dimensions from other ethnicities.

Methods
Study Population

This retrospective study was approved by 
the Research Ethics Board of our institution. The 
inclusion criteria were adult patients (age 18 
or older) who underwent cranial CT between  
November 2019 and December 2019. The patients 
with history of orbital trauma, orbital disorders or 
known related diseases that might affect LG such 
as bacterial or viral infection, sarcoidosis, thyroid 
ophthalmopathy, Sjögren’s syndrome, lymphoma, 
salivary gland tumor and patient with history of 
head and neck radiation were excluded. 
Sample Size

The estimated sample size was calculated 
by using two-sample comparison of mean LG size 
from STATA software. Mean LG size and standard 
deviation (SD) in Korean9 population were used as 
references for calculation. The estimated minimum 
sample size was 199. There were 616 LGs from 308 
patients who met inclusion criteria and underwent 
cranial CT scan at University Hospital between 
November 2019 and December 2019. One hundred 
and fifty-four patients were males (50%) and 154 

patients (50%) were females. Ages ranged from 19 
to 96 years. Age distribution is shown in Figure 2. 
Technique and Measuring Method

Standard CT images of the orbits were 
recreated from the source images of 1 mm slice 
thickness cranial CT obtained from Spectral 
CT (IQon; Philips Healthcare, Cleveland, OH, 
USA) by using portal IntelliSpace v5.0.1.100050  
software. LGs were also displayed and measured 
on portal IntelliSpace 11. The length and width of 
LGs were measured in each of the axial and coronal 
soft tissue series on reformatted images with the 
axial view parallel to optic nerve and coronal view 
perpendicular to optic nerve. Forty LGs from 20 
patients were randomly selected and measured 
by a senior radiologist and a third-year radiology 
resident independently. Agreement of measurement  
was assessed by using an intra-class correlation 
coefficient (ICC) with the ICC interpretation  
described by Landis and Koch.14 After establishing 
agreement, the remaining LGs were measured by a 
third year radiology resident. 

The image in which the LG appeared largest 
was chosen and measured as a single unit as  
the palpebral and orbital lobes are difficult to be 
differentiated on CT. We used the same measuring 
method as a previous study by Tamboli et al.8 In 
the axial images, the length was measured from 
the most anterior to posterior part of the LG. The 
width of the LG must be perpendicular to the length, 
measured from the lateral to medial border of the 
LG in the widest location. On the coronal images, 
the length was measured from the most superior to 
the most inferior part of the LG. The width must 
be perpendicular to the length, measured from the 
lateral edge to medial edge of the LG at its widest 
point (Figure 1).

Statistical Analysis
Descriptive statistics was for LG dimensions. 

The results of LG dimensions were compared 
between both sides, ages and genders by using 2 
sample t test. The relation between lacrimal gland 
dimensions and age was evaluated by using the 
Pearson correlation Coefficient (r). Comparison 
between LG dimensions of the Thai population 
and previously reported LG dimensions from other  
ethnicities were also calculated by using 2 sample 
t test. 
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Figure 1 Measuring method: Axial (A) and coronal (B) CT showing the length and width. A the axial length 
(1) measured from the anterior to posterior and axial width (2) measured from the widest point 
perpendicular to the length. B the coronal length (3) measured from the superior to inferior tips 
and coronal width (4) measured from the widest point perpendicular to the length. 

Figure 2 Histogram showing the age distribution of 308 patients. 

Results
The mean LG axial length was 12.61 ± 3.04 

mm in the right orbit and 12.31 ± 2.94 mm in the left 
orbit. Coronal lengths averaged 13.38 ± 3.60 mm in 
the right orbit and 13.51 ± 3.68 mm in the left orbit. 
Axial width averaged 4.30 ± 2.49 mm in the right 

orbit and 4.25 ± 1.26 mm in the left orbit. Coronal 
width averaged 4.03 ± 1.42 mm in the right orbit 
and 4.11 ± 2.40 mm in the left orbit. Descriptive 
statistics for the LG dimensions of the right and left 
orbits are provided in Table 1.
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Table 1  Descriptive Statistics of the Lacrimal Glands of Right and Left Orbits in Millimeters

Measurement Mean SD
Percentile
5% 10% 25% 50% 75% 90% 95%

Right orbit
AL 12.61 3.04 7.8 8.7 10.55 12.3 14.7 16.9 17.5
AW 4.30 2.49 2.5 2.8 3.2 4 5 5.8 6.3
CL 13.38 3.60 8.4 9.1 10.6 13 15.8 17.8 20
CW 4.03 1.42 2.5 2.8 3.1 3.9 4.6 5.3 5.9
Left orbit
AL 12.31 2.94 7.7 8.5 10.45 12.1 14.2 16.2 17.6
AW 4.25 1.26 2.7 2.9 3.3 4 5 5.8 6.2
CL 13.51 3.68 8.3 9.2 10.7 13.1 15.5 18.3 20.4
CW 4.11 2.40 2.5 2.8 3.2 3.9 4.6 5.4 5.8

AL, axial length; AW, axial width; CL, coronal length; CW, coronal width

There was no statistical difference between 
the sizes of the right and the left LG with respect 

to axial width, coronal width, and coronal length 
(Table 2). 

Table 2 Comparison of Right (R) and Left (L) Lacrimal Gland (LG) Dimensions by 2-sample t tests  
(P < .05 is significant)

Measurement Right LG, mean (SD) Left LG, mean (SD) P-value
AL 12.61 (3.04) 12.31 (2.94) .21
AW 4.30 (2.49) 4.25 (1.26) .75
CL 13.38 (3.60) 13.51 (3.68) .66
CW 4.03 (1.42) 4.11 (2.40) .61

AL, axial length; AW, axial width; CL, coronal length; CW, coronal width

Axial length of male LG was statistically 
longer than female LG in left orbit by 2-sample t test 
(P-value = .04). No difference was found in gland 

size between male and female in other dimensions 
(Table 3).

Table 3  Comparison of Male and Female Lacrimal Gland Dimensions

Measurement Male, mean (SD) Female, mean (SD) P-value
Right orbit
AL 12.95 (3.08) 12.27 (2.97) .05
AW 4.35 (3.18) 4.25 (1.52) .72
CL 13.54 (3.63) 13.23 (3.57) .45
CW 3.95 (1.04) 4.11 (1.42) .32
Left orbit
AL 12.66 (3.06) 11.96 (2.78) .04
AW 4.22 (1.09) 4.28 (1.41) .71
CL 13.66 (3.56) 13.36 (3.80) .48
CW 4.02 (1.06) 4.20 (2.40) .53

AL, axial length; AW, axial width; CL, coronal length; CW, coronal width
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Measurement r P-value
Right orbit
AL -0.47 < .001
AW -0.07 .21
CL -0.41 < .001
CW -0.14 .01
Left orbit 
AL -0.48 < .001
AW -0.23 < .001
CL -0.41 < .001
CW -0.10 .07

A significant inverse linear relationship was 
observed in both orbits between gland size and age 
in every dimension, with exception of axial width 

in the right orbit and coronal width in the left orbit 
(P-value = .21 and .07, respectively) (Table 4). 

Table 4 Relationship Between Lacrimal Gland Dimension and Age by Pearson Correlation Coefficient  
 (P < .05 is significant)

AL, axial length; AW, axial width; CL, coronal length; CW, coronal width

There was excellent agreement between 
two separate inspectors in random 40 LGs (ICC = 
0.89).  

LG dimensions, subject number, modality 

used, difference of LG dimensions between both  
orbits, genders and age from the previously published 
reports were summarized and compared to Thai data 
as shown in Table 5. 
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Coronal length of Thai LGs was signifi-
cantly shorter than other ethnicities in both orbits  
(P value < .001). Axial length of bilateral LGs 
in Thai population was also significantly shorter  
than other ethnicities (P value < .001) except for 
Caucasians. Coronal width of bilateral LGs in 
Thai orbits was significantly shorter than Korean  
(P value < .001 on the right and 0.04 on the left) and  
Caucasians (P value < .001 in both orbits). Axial 
width of Thai LG was significantly shorter than 
Caucasian in both orbits (P value < .001 on the 
right and .01 on the left) and Turkish in left orbit 
(P value < .001).

Discussion
Although LG tumors invading the orbits are 

easily recognized in orbital CTs, the scans provide 
less precise information regarding the enlargement 
of LGs in other pathologies, including idiopathic 
inflammations, Sjögren’s syndrome, Wegener 
granulomatosis, and orbital sarcoidosis.15 Knowing 
the normal size of LGs could be helpful in diagnosis 
or exclusion of some diseases. 

Magnetic resonance imaging (MRI) and  
CT scan are the primary imaging modalities for 
evaluating LG.6-9,15,16 In this study, we measured 
LG size on CT scan as this method is more widely 
used, less expensive, and usually the initial imaging 
for orbital examination. Two-dimensional (2D) 
measurement is a reliable parameter reflecting LG 
size. It is easy to perform and more practical than 
volume (3D) measurement.

Tamboli et al,8 who firstly published the 
LG size in Caucasian orbits, found no significant  
difference in size of LG between right and left 
orbits, except coronal length, which was slightly 
longer in the right eye. Lee et al9 described LG size 
in Korean populations. They found the LG size was 
slightly larger in the left orbit, with respect to axial 
width and coronal width. Bulbul et al12 measured 
LG dimensions in a Turkish population. They found 
similar bilateral LGs sizes; only axial width was 
statistically different. Nawaz et al13 reported similar 
bilateral LGs sizes in Pakistani adults. Volumetric 
measurements of LGs by Bingham et al10 found no 
bilateral difference. In contrast, Bukhari et al11 found 
gland volumes on the right to be larger than those 
on the left. In our study, the LG sizes were similar 
on both sides. 2-dimensional measurements of LGs 

reported by Lee et al,9 Tamboli et al,8 and Bulbul  
et al12 did not detect any differences between genders. 
However, Nawaz et al13 found significantly smaller 
LG sizes in females with respect to axial length of 
both LGs, and coronal length and coronal width of 
the right LG. In this study, we found similar LG 
dimensions in both genders except for the axial 
length, which significantly longer in males.

Our study corroborates a previously  
reported trend of decreasing LG size with age.8, 9,12,13 
There was a significant inverse relationship between 
gland size and age with respect to the axial length 
and coronal length in both orbits, coronal width in 
the right orbit and axial width in the left orbit in 
this study. 

There have been other studies of LG sizes in 
different ethnicities.10-13 Bukhari11 published a study 
of interracial variation of LG volume. The largest 
and smallest average LG volumes were in Asians 
and Middle Easterners, respectively. Dimensions 
of LGs from various ethnicities were gathered in 
a study by Nawaz13 which found the longest axial 
length of bilateral LGs in a Turkish population and 
the widest axial width in Caucasians (Table 5). 

In our Thai population, we found significantly 
shorter coronal length in both orbits compared 
with that of other ethnicities (P < .001). Axial 
lengths of both orbits in our Thai population were 
also significantly shorter than in other ethnicities 
except for Caucasians, which could be due to the 
high SD of the mean axial length in the study of 
Tamboli (14.7 ± 19 mm on the right and 14.51 ± 
18.7 mm on the left).8 We expected the similar LG 
dimensions between Thai and Korean as they both 
are Asian, however, coronal width of Thai LG was 
significantly narrower than Korean in both eyes  
(P value < .001 on the right and .04 on the left) 
for unknown reason. Coronal width of Thai LG 
was also significantly narrower for Caucasians (P 
value < .001 in both orbits). Axial widths of Thai 
LGs were not significantly different from others 
except that they were narrower than Caucasian LGs 
in the both orbits (P < .001 on the right and 0.01 
on the left) and Turkish LGs in the left orbits (P < 
.001). None of the dimensions of Thai LGs were  
significantly larger than in any other ethnicity  
studied (Table 5). 

The limitations in our study were due 
to retrospective nature with difference CT slice  
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thickness between prior reports and our study. This 
might affect LG measurement and size comparison.  
We measured LGs in the wide age range which 
probable affect overall LG dimensions as there was 
significant inverse relationship between LG size 
and with age. 

In conclusion, this study has revealed the 
diameters of normal LGs in adult Thai population.  
We found that some dimensions of Thai LGs  
differ from those of other ethnicities. Therefore, 
LG dimensions should be interpreted relative the  
dimensions typical of the patient’s ethnicity. We 
hope our results will enhance interpretation of  
enlargement or atrophy of LGs as an aid in diagnosis.

Abbreviations 
LG: lacrimal gland; CT: computed  

tomography 
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