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Abstract 
Purpose: Lacrimal gland sizes are increased in Graves' ophthalmopathy. Lacrimal gland herniation has been reported to be a simple radiological 

marker. This study aimed to investigate the relationship of lacrimal gland herniation (LGH) with lacrimal gland dimensions, proptosis, and 

hormonal parameters. Methods: Sixty-eight eyes of 34 patients with Graves' ophthalmopathy were evaluated. Lacrimal gland herniation, 

proptosis, the long and short axis of the lacrimal gland were measured in mm on the right and left sides. TSH, FT4, FT3, Anti-TPO and Anti-TG 

values of each patient were recorded. Multiple linear regression was applied to determine the factors affecting lacrimal gland herniation. Results: 

21 female 13 male 34 patients were included in this study. The mean age of the patients was found to be 37.29±11.91 years The regression model 

for LGH was found to be statistically significant. (R2 right eye :0.57 R2 left eye 0.51 p<0.001). The predictive variables for LGH were short 

diameter of the lacrimal gland and proptosis. No statistical significance was found in other variables (p<0.05). The equation showing right LGH 

in millimeters was found as-5.268+ Lacrimal gland short-axis x 1.271 + Proptosis x 0.284. The equation showing left LGH in millimeters was 

found as-3.598+ lacrimal gland short-axis x 0.937 + Proptosis x 0.292. Conclusions: Lacrimal gland herniation is associated with lacrimal gland 

short diameter and proptosis. Our findings support that lacrimal gland herniation may be an important and useful radiological marker in Graves' 

ophthalmopathy. 
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Introduction 

Graves ophthalmopathy (GO) is the most common and most 

important ophthalmologic finding of Graves' disease. This chronic 

autoimmune condition affects the extraocular muscles, periorbital 

connective-fatty tissue and lacrimal gland [1]. The size of the lacrimal 

gland increases in Graves ophthalmopathy [2]. Graves' 

ophthalmopathy is the most common cause of proptosis in adult 

women, especially in those with positive thyroid antibodies. In 

Graves' ophthalmopathy, an increase in lacrimal gland volume was 

detected with CT [3]. In active graves ophthalmopathy, lacrimal 

gland surface area and lacrimal gland width in coronal and axial 

planes are increased with MRI. It has been reported that increased 

cytokines in active disease are associated with inflammatory 

involvement of the lacrimal gland [4]. 

In a study evaluating the Lacrimal Gland with 3T MR, length 

and width in the axial plane, length and width in the coronal plane 

were compared to the structures in the healthy control group, and it 

was reported that all measurements, except coronal length, increased 

significantly in patients with graves ophthalmopathy [5]. The 

lacrimal gland volume was investigated by CT in Korean Graves' 

ophthalmopathy (GO) patients, and a significant increase was found 

compared to the healthy control (HC) group. They reported that the 

volume of the lacrimal gland decreased with age, and there was no 

difference between gender and right-left [6]. In various studies, in 

which quantitative measurements were made with the lacrimal gland 

under CT guidance, it was found that the extraocular muscles and 

lacrimal gland volume were significantly higher in graves 

ophthalmopathy compared to the control group [7,8]. Researchers 

have reported that measurements of orbital soft tissue volume and 

density using CT scans can be used as a reliable and feasible 

technique to induce active inflammation in patients with Thyroid-

associated orbitopathy (TAO) [8]. 

Various classifications are used to distinguish active 

inflammation in Graves' ophthalmopathy. The most accepted one is 

the VISA classification-V (vision, dysthyroid optic neuropathy); I 

(inflammation, congestion); S (strabismus, motility restriction); A 

(appearance, exposure) [9] Gagliardo et al [10]. reported that lacrimal 

gland herniation may be useful in differentiating active and inactive 

ophthalmopathy of the graves in the early stages of the disease. Our 

aim in this study is to investigate whether there is a relationship 

between hormonal parameters between lacrimal gland herniation, 

proptosis values and lacrimal gland sizes. 

Methods 

This study was approved by the Clinical Research and Ethics 

Committee on May 26, 2021 (Decision Number 06-18). Due to the 

retrospective nature of the study, the requirement for written 

informed consent was waived.  

Patients Selection 

Orbital MRI reviews between 2014 and 2021 were screened through 

a retrospective review of the institution's database. Of the 270 MRI 

scans, 38 patients with Graves' ophthalmopathy were included. 2 

patients were excluded due to artifactual MR examination and 2 

patients were excluded due to lack of hormone levels. 
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Evaluation of MR images 

MRI scans were done with 1.5 T Hitachi Echelon (Hitachi Medical 

Corporation Soto-Kanda, Chiyoda-ku, Tokyo, Japan). In our 

radiology clinic, orbital MR protocol consists of T2AX, T1AX, 

T2AX fat-supressed (FS), Short Tau short time inversion recovery 

(STIR) COR, T2 SAG, T1AX/COR FS, Post contrast T1AX/COR 

FS sequences. Throughout the scan, the patient’s head was stabilized 

in a supine position and kept stationary. T2AX FS and Post contrast 

T1AX were chosen for the present study (T2AX FS acquisition 

matrix: 320x212; slice thickness 3 mm; TR 3332 ms; TE 96 ms; ETL 

15; NEX 2, Post contrast T1AX acquisition matrix: 320x204; slice 

thickness 3 mm; TR 664 ms; TE 13 ms; NEX 1), The lacrimal gland 

protruding in front of the interzygomatic line was defined as a 

lacrimal gland herniation (LGH). Right and left LGH and proptosis 

were measured in T2AX FS sequences. The axial length and width 

of the lacrimal grand were recorded on post-contrast FS T1 axial 

images. Measurements and definitions made are shown in figure 1 

and 2. 

 

Figure 1: Lacrimal gland herniation and proptosis measurements on axial 3-mm-thick T2AX FS sequence. The lacrimal gland protruding 

anteriorly from the interzygomatic line was measured and defined as lacrimal gland herniation (LGH). In addition, proptosis 

measurements were made from the interzygomatic line to the anterior cornea. 

 

Figure 2: The short and long axis of the right and left lacrimal glands, which show bright homogeneous contrast enhancement, were 

measured in postcontrast fat-suppressed T1W sequences after gadolinium. 

Examination of hormonal parameters 

Serum TSH, FT3, FT4, Anti TPO and Anti TG were measured by 

Electro-chemiluminescence immunoassay device (E611 Roche 

Roche Cobas E601). Normal reference ranges in our laboratory are 

TSH: 0.27-4.2 mU/L, FT3: 2-4.4 ng/L, FT4: 0.93-1.7 ng/dl, Anti 

TPO: 0-34 IU/ml, Anti TG: 0-115 IU/ml.  

Statistical analysis 

The Statistical Packages for Social Sciences (SPSS Chicago, IL, 

USA) version 25 was used for data analysis. Multiple linear 

regression analysis was performed to explain lacrimal gland 

herniation. All variables were continuous. There is a linear 

relationship between lacrimal gland herniation and other 

independent variables. There were no significant outliers in the data 

set. No correlation was found between residual values and 

independent variables. Lacrimal gland herniation shows equal 

variance in all values of independent variables. Residual values are 

approximately normally distributed. There is no significant 

multicollinearity between the independent variables. P value <0.05 

was considered statistically significant. 

Results 

21 female 13 male 34 patients were included in this study. The mean 

age of the patients was found to be 37.29±11.91 years. The 

measurements of thyroid ophthalmopathy patients are presented in 

Table 1. A multiple linear regression model to explain lacrimal gland 

herniation was found statistically significant p<0.001. In the defined 

model, the short diameter of the lacrimal gland and proptosis were 

found to be significant in order of importance. The p-value of the 

short diameter of the lacrimal gland was 0.001 on the right and 0.004 

on the left, the p-value of proptosis was 0.027 on the right and 0.023 

on the left. These two independent variables explain 57% of the 
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variance on the right eye and 51% on the left eye. The equation 

showing right lacrimal gland herniation in millimeters was found as-

5.268+Lacrimal gland short-axis x 1.271+ Proptosis x 0.284. The 

equation showing left lacrimal gland herniation in millimeters was 

found as-3,598+ lacrimal gland short axis x 0.937+ Proptosis x 

0.292. 

Table 1: MRI measurements of Lacrimal Gland Herniation, Proptosis, Lacrimal Glands Size 

 Right Eye (n:34) Left Eye (n:34) 

Lacrimal Gland Herniation (mm) 8.74±2.48 8.54±2.24 

Proptosis (mm) 20.46±2.82 20.10±2.73 

Lacrimal Gland Size (mm)    

Long Axis  14.70±2.74 14.80±2.62 

Short Axis 6.45±1.04 6.70±1.10 

 

Table 2: Significant predictors for LGH in Multiple linear regression 

  B Std. Err. t Sig %95 CI For B 

Right Eye (Constant) -3.598 2,206 -1.631   

LG Short Axis (mm)  0.937 0.304 3.085 0.004 0.317-1.556 

Proptosis (mm) 0.292 0.122 2.387 0.023 0.042-0.541 

Left Eye (Constant) -5.268     

LG Short Axis (mm) 1.271 0.331 3.834 0.001 0.595-1.947 

Proptosis (mm) 0.284 0.122 2.330 0.027 0.035-0.533 

 

Table 3: Other Variables 

    P value  P value  

 Median Right Eye Left Eye 

TSH (mU/L) 0.03500 0.344 0.516 

FT3 (ng/L) 9.9313 0.434 0.178 

FT4 (ng/dl) 3.5482 0.060 0.176 

Anti TPO (IU/ml) 162.08 0.564 0.880 

Anti TG (IU/ml 210.02 0.322 0.304 

LG Long Axis (mm) Mean   

Right Eye (mm) 14.70±2.74 0.133  

Left Eye (mm) 14.80±2.62  0.334 

 

Discussion 

In studies conducted in Graves' ophthalmopathy, it is known that the 

lacrimal gland is affected by active cytokines [7]. Recent studies have 

also reported that herniation of the lacrimal gland may be a useful 

marker for disease activity [10]. In our study, we found lacrimal gland 

short diameter and proptosis as significant predictive factors for 

lacrimal gland herniation. The short diameter of the lacrimal gland 

and increased proptosis have been associated with disease activity in 

previous studies [4,5]. Our findings also strengthen the view that 

lacrimal gland herniation will be a useful marker in determining 

disease activity. 

Thyroid-associated orbitopathy (TAO) develops secondary 

to an inflammation in the orbit, the etiopathogenesis of which is not 

clearly elucidated. TAO occurs in hyperthyroid patients with Graves' 

disease (GD); however, cases of severe orbitopathy associated with 

Hashimoto's thyroiditis (HT) have been rarely described. 

In a study to determine disease activity in extra-ocular 

muscles by fat fraction measurements and T2 relaxation map, a 

significant correlation was found between T2 relaxation times and 

signal intensity ratios. They reported that the fat fraction 

measurements were high in thyroid-related ophthalmopathy, and the 

decrease after treatment corresponded to the clinical activity score 
[11]. In our study, the CAS score of the patients could not be 

evaluated. In addition, MR imaging was performed with 1.5 T 

conventional sequences. It has been reported that OCT can be used 

to detect thickening in the anterior part of the medial rectus muscle 

when MRI cannot be performed in patients with Graves' 

ophthalmopathy [12]. 

Clinical Activity Score (CAS), ultrasonography (USG), 

computed tomography (CT), and magnetic resonance imaging 

(MRI) are used to evaluate Graves' orbitopathy (GO). SPECT+MRI, 

SPECT/CT, MRI and clinical activity score (CAS) were compared 

in a study investigating the specifics of diagnostic methods. The 

specificities of the diagnostic methods were found to be 0.93, 0.89, 

0.78, and 0.56, respectively [13]. Evaluation by CAS in patients with 

long-term GO is not always consistent with retro-orbital activity. 

CAS is sufficient to reflect disease activity in patients with short-

term GO. Supplementation of CAS with orbital MRI would be 

valuable in selecting suitable active patients with long disease 

duration [14]. 

In current studies, the two-point Dixon T2WI offers better 

image quality than the fat-sat T2WI in MR examination. Dixon-

EOM-SIR alone showed the highest staging accuracy. It is 

recommended to use the Dixon T2WI to evaluate TAO patients in 

clinical practice [15]. Treatment with the combination of orbital 

radiation and systemic glucocorticoids in Graves' ophthalmopathy is 

subjectively and objectively effective without severe toxicity for 

Asian Graves' ophthalmopathy [16]. Graves' ophthalmopathy (GO) is 

characterized by an autoimmune reaction to thyrotropin (TSH) 

receptors and is diagnosed by TSH receptor antibody (TRAb). 

Thyroid stimulating antibody (TSab) titers have been reported to 

correlate with clinical activity score [17]. Aequorin TSAb levels were 

significantly associated with proptosis and signal intensity ratio of 

enlarged eye muscle evaluated by MRI before steroid pulse therapy, 

and the Aequorin TSAb test was more sensitive than conventional 

tests, especially in euthyroid GO. 

The success of radiological imaging in predicting orbital 

inflammation and clinical activity has been investigated. The 

radiological diagnostic accuracy was 80.0% for IgG4-related 

ophthalmic disease, 77.3% for non-specific orbital inflammation 

(NSOI) and 73.2% for thyroid-eye-disease (TED). It was concluded 

that orbital imaging is required for the diagnosis of IgG4, NSOI and 

TED [18]. In this study, it was reported that Orbital CT, for which 

orbital imaging could not diagnose sarcoidosis, had a sensitivity of 

50% and a specificity of 75.0% in predicting active TED using 
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clinical evaluation as the gold standard. Histogram analysis of T2 

values has been used to detect early involvement of extraocular 

muscles (EOMs) in TAO patients and has been reported to be able 

to detect early involvement of EOMs in TAO before they are 

detected on conventional orbital MRI [19]. In another study, T2 signal 

intensity values and normalized ADC values were reported to be 

valuable MRI indicators of inflammatory activity in GO by detecting 

the involvement of EOMs. In addition, it has been reported that it is 

an ideal tool to monitor the effectiveness of anti-inflammatory 

therapy in patients with active stage GO, and n-ADC values, when 

combined with CAS, can be promising predictive factors in the 

determination of disease stages [20]. 

Limitations 

In our study, most of the patients did not have data on Trab 

antibodies. Clinical examinations and CAS scores are not clearly 

documented in the hospital archives. For these reasons, these data 

could not be collected in our study. 

Conclusions 

Most studies used T2 relaxation maps, histogram analyzes, SIR 

values, Dixon T2WI images, and ADC measurements in MRI 

examinations to distinguish between active and inactive GO 

patients. Thyroid stimulating antibodies are the most recent 

antibodies in GO patients. Radiological imaging was able to 

distinguish between active and inactive in 70% of GO patients. Our 

findings showed that the most important predictors of lacrimal gland 

hernation are lacrimal gland short axis and proptosis. Both of these 

independent variables have been proven to be associated with 

disease activity in previous studies. Therefore, we think that lacrimal 

gland herniation is a simple and important radiological marker in 

GO patients. 
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