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Abstract

Objectives

To estimate the normal dimensions of lacrimal glands (LGs) in the Pakistani population using
computed tomography (CT) scan and to determine the associations of LG dimensions with age,
sex, and laterality.

Methods

The study population included subjects aged >16 years without orbital pathology who
underwent CT evaluation of both the right and left LGs at Dr. Ziauddin University Hospital from
June 2018 to November 2019. The mean axial length (AL), axial width (AW), coronal length (CL),
and coronal width (CW) of each LG were measured separately.

Results

The 108 subjects enrolled in this study included 75 (69.4%) men and 33 (30.6%) women, with a
mean age of 49+20 years. Right and left LG dimensions were similar, including mean AL
(13.53%£1.80 mm vs. 13.35%1.72 mm), mean AW (4.20£0.81 mm vs. 4.05+0.93 mm), mean CL
(15.46%1.97 mm vs. 15.26%+1.87 mm), and mean CW (3.99£0.80 mm vs. 3.86%0.81 mm). The AL
of both LGs and the CL and CW of right but not left LGs were significantly lower in women than
in men. Age showed significant correlations with the AL and CL of both LGs.

Conclusion

These findings establish the normal range of LG dimensions in adult Pakistani populations.
Some LG dimensions are smaller in women than in men, as well as correlating with age.

Categories: Radiology
Keywords: lacrimal gland, computed tomography

Introduction

The lacrimal glands (LGs) are paired, almond-shaped glands located in the lacrimal fossa area.
The outer and upper areas of each orbit are located close to the superior and lateral rectus
muscles [1]. LG diseases such as granulomatous tumors and autoimmune diseases can be
confirmed by the presence of anomalies on orbital imaging [2]. LG function usually decreases
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with age, with the incidence of dry eye in subjects aged >65 years ranging from 15% to 25% [3-
5]. Other conditions that can affect LGs, including their sizes, include
granulomatous/autoimmune diseases and neoplastic disorders [2,6].

Although it is difficult to identify tumors by clinical examination alone, LG enlargement may be
detected by physical examination. For example, pathological enlargement of the orbit may be
present in 10% of these patients, including 27.7% of patients with ophthalmic sarcoidosis [7].
Advanced radiological techniques can accurately diagnose LG diseases, differentiating them
from other orbital disorders, enabling optimal treatment, and determining patient responses to
treatment [4,8].

Computed tomography (CT) scanning is regarded as the optimal radiological technique to
accurately diagnose LG diseases [9]. CT scanning, especially axial and coronal CT scans, can
accurately determine the borders of LGs, thus detecting enlarged or anomalous LGs. To
determine LG abnormalities, however, it is necessary to determine the normal dimensions of
LGs. The present study utilized CT scanning to measure LG dimensions in a normal Pakistani
population and to determine the relationship between LG dimensions and age, sex, and
laterality.

Materials And Methods

This study included subjects aged >16 years without orbital pathology who underwent CT
evaluation of LGs at Dr. Ziauddin University Hospital from June 2018 to November 2019. The
study protocol was approved by the hospital institutional review board, and each subject
provided written informed consent.

All subjects underwent CT scanning of both the right and left LGs using a 16-slice CT scanner
(Toshiba, Japan). Both coronal and axial views were taken of each LG. Axial and coronal lengths
and widths of each LG were measured as described [10]. All images were evaluated by a
consultant radiologist.

Axial length (AL) was measured from the extreme anterior to the extreme posterior tip and
axial width (AW) was measured from the extreme medial to the extreme lateral edge. Coronal
length (CL) was measured from the extreme superior to the extreme inferior tip and coronal
width (CW) was measured from the extreme medial to the extreme lateral edge.

Data were analyzed using IBM SPSS Statistics for Windows, Version 24.0 (Armonk, NY: IBM
Corp.). The normality of the data was evaluated using the Shapiro-Wilk test, with LG
dimensions compared by independent sample t-tests. The association between LG dimensions
and age was evaluated using Pearson correlation tests.

Results

This study included 108 subjects, 75 (69.4%) men and 33 (30.6%) women, with a mean age of
49+20 years. The dimensions of right and left LGs, including mean AL, AW, CL, and CW were
similar (Table ). In contrast, there were significant differences in LG dimensions in men and
women (Table 2). The ALs of both right (13.91+1.46 mm vs., 12.67+2.18 mm, p=0.001) and left
(13.81%£1.31 mm vs., 12.31£2.06 mm, p=0.001) were significantly longer in men than in women.
Comparisons of right LGs showed that the mean CL (15.86+2.03 mm vs. 14.55+1.49 mm,
p=0.001) was significantly greater and the mean CW (3.84+0.70 mm vs. 4.34%0.89 mm, p=0.002)
was significantly lower in men than in women. In contrast, mean CL and CW of left LGs were
similar in men and women, as were mean AW on both sides.
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Right lacrimal gland
Axial length (AL), mm
Axial width (AW), mm
Coronal length (CL), mm
Coronal width (CW), mm
Left lacrimal gland

Axial length (AL), mm
Axial width (AW), mm
Coronal length (CL), mm

Coronal width (CW), mm

Men (n=75)

13.91+1.46
4.18+0.73
15.86+2.03

3.84+0.70

13.81+1.31
3.99+0.87
15.38+1.99

3.85+0.73

Women (n=33)

12.67+2.18
4.25+0.98
14.55+1.49

4.34+0.89

12.31+2.06
4.17+£1.05
14.97+1.55

3.86+0.97

P-value

0.001

0.69

0.001

0.002

0.001

0.35

0.29

0.95

TABLE 1: Dimensions of the right and left lacrimal glands in men and women.

Axial length (AL), mm
Axial width (AW), mm
Coronal length (CL), mm

Coronal width (CW), mm

TABLE 2: Dimensions of the right and left LGs.

LG, lacrimal gland

Right LG
13.53+1.80
4.20+0.81
15.4641.97

3.99+0.80

Left LG

13.3521.72

4.05+0.93

15.26+1.87

3.86+0.81

P-value

0.45

0.18

0.43

0.21

Several LG dimensions were found to correlate significantly with subject age (Table 3). The AL
(r=-0.344; p<0.001) and AW (r=-0.491, p<0.001) of right L.Gs and the AL (r=-0.361, p<0.001) and
AW (r=-0.498, p<0.001) of left LGs correlated significantly with age. In contrast, CL. and CW of

both right and left LGs did not correlate significantly with subject age.
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Right lacrimal gland
Axial length (AL)
Axial width (AW)
Coronal length (CL)
Coronal width (CW)
Left lacrimal gland
Axial length (AL)
Axial width (AW)
Coronal length (CL)

Coronal width (CW)

Correlation co-efficient (r) P-value
-0.344 <0.001
-0.491 <0.001
-0.036 0.64
0.043 0.69
-0.361 <0.001
-0.498 <0.001
-0.04 0.65
0.048 0.61

TABLE 3: Correlation of age with dimensions of the lacrimal glands.

Discussion

LGs are small glands located near the orbit but are frequently neglected during the evaluation
of orbital diseases. Magnetic resonance imaging and CT scan are the two most used imaging
methods for the evaluation of LG anatomy [11,12]. Determination of LG dimensions is very
important because LG sizes are increased in many malignant and benign pathologic conditions
[10]. The determination of LG size can help determine the risk of LG involvement. The present
study evaluated LG dimensions in subjects in patients who underwent CT for evaluation of orbit
pathology and were found to have normal LG.

The overall mean AL of LG glands in the present study was 13.44£1.76 mm, 13.53%1.80 mm for
right LGs, and 13.35+1.72 mm for left LGs. The mean AL in this population was smaller than
that of a Nigerian population, in which the mean ALs of right and left LGs were 14.6 and 14.5
mm, respectively [13]. In contrast, the mean CWs in this Pakistani population, 3.99 mm for right
LGs and 3.86 mm for left LGs, were larger than those in the Nigerian population, 2.9 mm for
right LGs, and 3.0 mm for left LG. The study in Nigerian subjects found no significant
differences in LG dimensions between men and women patients. For right LGs, mean ALs were
14.46%2.04 and 14.76%1.87 mm, respectively; mean AWs were 4.17+0.46 and 4.08+1.41 mm,
respectively; mean CLs were 20.96%3.08 and 20.31%3.23 mm, respectively; and mean CWs were
2.99+0.55 and 2.83%0.48 mm, respectively. Similar measurements were observed for left LGs
[13].

A study in a Turkish population reported that the mean AL, AW, CL, and CW were 16.2, 4.1,
18.3, and 4.1 mm, respectively, for right LGs, and 16.0, 4.0, 18.3, and 4.1 mm, respectively, for
left LGs [14]. In a Korean population, the mean AL, AW, CL, and CW were 14.7, 5.1, 17.7, and 5.2
mm, respectively, for right LGs, and 14.5, 4.8, 16.9, and 5.2 mm, respectively, for left LGs [15].
Detailed comparison of LGs dimensions with other populations is given in Table 4.
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Right lacrimal gland
Axial length (AL), mm
Axial width (AW), mm
Coronal length (CL), mm
Coronal width (CW), mm
Left lacrimal gland

Axial length (AL), mm
Axial width (AW), mm
Coronal length (CL), mm

Coronal width (CW), mm

Present study Turkish [14]  Nigerians [13] Koreans [15] Caucasians [10]

13.53 16.2 14.6 14.9 14.7
4.20 4.1 4.1 4.1 5.1
15.46 18.3 20.7 20.9 16.9
3.99 4.1 29 3.6 52
13.35 16.0 14.5 14.7 14.5
4.05 4.0 4.1 43 4.8
15.26 18.3 20.8 20.7 16.9
3.86 4.1 3.0 3.8 5.2

TABLE 4: Comparison of right and left lacrimal gland dimensions in different

ethnicities.
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We found that age correlated significantly with ALs and AWs of both right and left LGs, but did
not correlate significantly with CL and CW of both LGs. Similar outcomes were reported in a
Nigerian population, with age showing a significant negative correlation with AL, AW, and CL,
but a weak correlation with CW [13].

A major limitation of this study is that it was conducted in a single center with a small sample
size, so our results may not reflect dimensions of LGs in the wider Pakistani population.
Therefore, a large-scale multicenter study is needed to determine establish dimensions of LGs
that are representative of the national population.

Conclusions

Our finding that LG dimensions were smaller in a Pakistani population than in other
populations suggests a need for large multicenter studies to determine normal LG dimensions
in Pakistani subjects. Determination of the normal LG dimension may help in the diagnosis of
conditions, such as orbital disorders, that alter LG size.

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. Ethical Review
Committee Dr. Ziauddin University and Hospital issued approval ERC-0970619SNRAD. Ethical
Review Committee Dr. Ziauddin University and Hospital (ERC-0970619SNRAD) approved this
study. Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
form, all authors declare the following: Payment/services info: All authors have declared that
no financial support was received from any organization for the submitted work. Financial
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relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the
submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Lorber M: Gross characteristics of normal human lacrimal glands. Ocul Surf. 2007, 5:13-22.
10.1016/s1542-0124(12)70049-6

2. Rabinowitz MP, Halfpenny CP, Bedrossian EH Jr: The frequency of granulomatous lacrimal
gland inflammation as a cause of lacrimal gland enlargement in patients without a diagnosis
of systemic sarcoidosis. Orbit. 2013, 32:151-155. 10.3109/01676830.2013.771676

3. Balchunas WR, Quencer RM, Byrne SF: Lacrimal gland and fossa masses: evaluation by
computed tomography and A-mode echography. Radiology. 1983, 149:751-758.
10.1148/radiology.149.3.6647851

4. Kawai Y, Sumi M, Kitamori H, Takagi Y, Nakamura T: Diffusion-weighted MR microimaging of
the lacrimal glands in patients with Sjogren's syndrome. AJR Am ] Roentgenol. 2005,
184:1320-1325.10.2214/ajr.184.4.01841320

5. Bukhari AA, Basheer NA, Joharjy HI: Age, gender, and interracial variability of normal lacrimal
gland volume using MRI. Ophthalmic Plast Reconstr Surg. 2014, 30:388-391.
10.1097/10P.0000000000000117

6. Pe’er], Patel BCK: Lacrimal sac tumors. Clinical Ophthalmic Oncology. Hwang C, Patel B,
Singh A (ed): Springer, Cham, Switzerland; 2019. 177:184. 10.1007/978-3-030-13558-4 14

7. Hughes GK, Miszkiel KA: Imaging of the lacrimal gland. Semin Ultrasound CT MR. 2006,
27:476-491. 10.1053/j.sult.2006.09.002

8. Giingor G, Urfalioglu S: Assessment of lacrimal gland volume with computed tomography in a
Turkish population. Black Sea ] Health Sci. 2019, 2:5-8.

9. Voyatzis G, Chandrasekharan L, Francis I, Malhotra R: The importance of clinicians reviewing
CT scans in suspected lacrimal gland disease causing eyelid swelling, even if radiologists
previously interpreted them as normal. Open Ophthalmol J. 2009, 3:26-28.
10.2174/1874364100903010026

10. Tamboli DA, Harris MA, Hogg JP, Realini T, Sivak-Callcott JA: Computed tomography
dimensions of the lacrimal gland in normal Caucasian orbits. Ophthalmic Plast Reconstr Surg.
2011, 27:453-456. 10.1097/10P.0b013e31821e9f5d

11. Harris MA, Realini T, Hogg JP, Sivak-Callcott JA: CT dimensions of the lacrimal gland in
Graves orbitopathy. Ophthalmic Plast Reconstr Surg. 2012, 28:69-72.
10.1097/10P.0b013e31823c4a3a

12.  Ferreira TA, Saraiva P, Genders SW, Buchem MV, Luyten GPM, Beenakker JW: CT and MR
imaging of orbital inflammation. Neuroradiology. 2018, 60:1253-1266. 10.1007/s00234-018-
2103-4

13. Danjem SM, Salaam AJ: Computed tomographic dimensions of the lacrimal gland in normal
Nigerian orbits. Int ] Sci Res Pub. 2016, 6:151-155.

14. Bulbul E, Yazici A, Yanik B, Yazici H, Demirpolat G: Evaluation of lacrimal gland dimensions
and volume in Turkish population with computed tomography. J Clin Diagn Res. 2016,
10:TC06-TCO8. 10.7860/JCDR/2016/16331.7207

15. Lee]S, Lee H, Kim JW, Chang M, Park M, Baek S: Computed tomographic dimensions of the
lacrimal gland in healthy orbits. ] Craniofac Surg. 2013, 24:712-715.
10.1097/SCS.0b013e31827feccO

2020 Nawaz et al. Cureus 12(3): €7393. DOI 10.7759/cureus.7393 6 of 6


https://dx.doi.org/10.1016/s1542-0124(12)70049-6
https://dx.doi.org/10.1016/s1542-0124(12)70049-6
https://dx.doi.org/10.3109/01676830.2013.771676
https://dx.doi.org/10.3109/01676830.2013.771676
https://dx.doi.org/10.1148/radiology.149.3.6647851
https://dx.doi.org/10.1148/radiology.149.3.6647851
https://dx.doi.org/10.2214/ajr.184.4.01841320
https://dx.doi.org/10.2214/ajr.184.4.01841320
https://dx.doi.org/10.1097/IOP.0000000000000117
https://dx.doi.org/10.1097/IOP.0000000000000117
https://dx.doi.org/10.1007/978-3-030-13558-4_14
https://dx.doi.org/10.1007/978-3-030-13558-4_14
https://dx.doi.org/10.1053/j.sult.2006.09.002
https://dx.doi.org/10.1053/j.sult.2006.09.002
https://dergipark.org.tr/tr/pub/bshealthscience/issue/42026/491745
https://dx.doi.org/10.2174/1874364100903010026
https://dx.doi.org/10.2174/1874364100903010026
https://dx.doi.org/10.1097/IOP.0b013e31821e9f5d
https://dx.doi.org/10.1097/IOP.0b013e31821e9f5d
https://dx.doi.org/10.1097/IOP.0b013e31823c4a3a
https://dx.doi.org/10.1097/IOP.0b013e31823c4a3a
https://dx.doi.org/10.1007/s00234-018-2103-4
https://dx.doi.org/10.1007/s00234-018-2103-4
http://www.ijsrp.org/research-paper-0116/ijsrp-p4922.pdf
https://dx.doi.org/10.7860/JCDR/2016/16331.7207
https://dx.doi.org/10.7860/JCDR/2016/16331.7207
https://dx.doi.org/10.1097/SCS.0b013e31827fecc0
https://dx.doi.org/10.1097/SCS.0b013e31827fecc0

	Computed Tomography Evaluation of Normal Lacrimal Gland Dimensions in the Adult Pakistani Population
	Abstract
	Objectives
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	TABLE 1: Dimensions of the right and left lacrimal glands in men and women.
	TABLE 2: Dimensions of the right and left LGs.
	TABLE 3: Correlation of age with dimensions of the lacrimal glands.

	Discussion
	TABLE 4: Comparison of right and left lacrimal gland dimensions in different ethnicities.

	Conclusions
	Additional Information
	Disclosures

	References


