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Target audience: Clinicians and researchers interested in quantitative imaging evaluation of the orbits in thyroid eye disease. 
 

Purpose: Thyroid eye disease is a chronic autoimmune disorder of orbital tissues that can cause extra-ocular muscle and orbital soft tissue inflammation and 
enlargement1. Imaging methods for evaluating disease activity include T2-weighted (T2w) sequences as longer T2 relaxation times correlate with greater extra-ocular 
muscle inflammation2,3. Fat-supressed T2w or Short tau Inversion Recovery (STIR) sequences are used for qualitative or semi-quantitative assessment in the acute 
phase4. Patients with long-standing disease may have conversion of fibroblasts (the target cell of the autoimmune condition) into adipocytes, thought to be the cause of 
fat ‘infiltration’ of extra-ocular muscles seen chronically. Signal from fat could confound quantitative T2 measurements of the extra-ocular muscles, which reflect the 
variable combination of water (acute inflammation) and fat (chronic disease). Although T1-weighted sequences can be used to differentiate fat from muscle, 
quantification of fat in extra-ocular muscles has not been previously described. The purpose of this study was to evaluate the application of fat fraction measurements to 
extra-ocular muscles in healthy volunteers and patients with thyroid eye disease. 
 

Methods: 14 patients with clinically documented thyroid eye disease (aged 52±16 years) and 6 healthy controls (aged 40±15 years) were recruited for this study. MRI 
of both orbits was performed on a 1.5T MRI scanner (MR450, GE Healthcare, Waukesha, WI) using a 8-channel brain coil. A multi-echo fast gradient echo sequence 
was used to acquire 8 in- and out-of-phase echoes, with the following parameters (TEs=2.4/4.7/7.0/9.3/11.6/13.9/16.2/18.5 ms; TR=300 ms; FA=20˚; matrix 
size=192x192; FOV=17 cm; slice thickness=4 mm). Percentage fat fraction (FF) was calculated from the attenuated signal intensities between the in- and out-of-phase 

images, with the in-phase data corrected for T2
* relaxation. = x	100, where  is the T2

* corrected in-phase signal and 	is the first out-of phase signal. 

The T2
* is calculated by non-linear least squares fitting of a single exponential decay to the in-phase echo (TEIP) data. The T2

* corrected in-phase signal ( ) is 

calculated as follows, where �TE is the time difference between in- and out-of-phase echoes: =	 ∙ ∗ . Pixel-wise fat fraction maps were generated using in-
house software developed using Matlab (The Mathworks Inc., Natick, MA) and the maps imported into OsiriX v6.0 (Pixmeo SARL, Switzerland) for analysis. ROIs 
were defined around the thickest part of the four main extra-ocular muscles (inferior, medial, superior and lateral recti) of each orbit and mean fat fraction measurements 
recorded. Statistical analysis was performed in R (The R foundation for statistical computing, Vienna, Austria). To meet the normality assumptions for standard 
parametric tests, the distributions were log transformed prior to performing Student T-tests. 
 

Results: The median and inter-quartile range of fat fractions for each muscle in patients and healthy volunteers, as well as the overall mean for all muscles in the two 
groups are reported in Table 1 and Fig 1. For all muscles, the median fat fraction is greater in the patient group compared to the healthy volunteer group, although this is 
statistically significant (p < 0.05) only for right inferior, right superior and left medial recti when considered individually. There is substantial variability in the mean fat 
fraction for each muscle in the patient group. Overall mean fat fraction was significantly greater in thyroid eye disease patients compared to healthy volunteers 
(p=0.021). 
 

Discussion: The increased fat fraction within extra-ocular muscles in thyroid eye disease patients is consistent with the suggestion that there is a degree of fatty 
infiltration or adipogenesis in extra-ocular muscles associated with the disease. The variability of fat fraction in the patient group may reflect the known heterogeneity of 
expression of the disease between individuals, which can be divided into subtypes predominantly affecting extra-ocular muscles or predominantly orbital fat. In 
addition, variability across muscles is consistent with the asymmetric and heterogeneous nature of the disease. Interestingly, the data also demonstrate that extra-ocular 
muscles in healthy volunteers contain a measurable proportion of fat. Limitations of the current study that may account for some of the variability include an unknown 
effect of age as the control population are not age-matched and the unselected nature of the patient population (not selected for clinical severity). Also, the 
reproducibility of the technique still requires investigation. 
 

Conclusion: This study demonstrates the feasibility of measuring fat fraction in extra-ocular muscles as well as detecting differences between groups. Fat fraction 
measurement is likely to be pertinent is assessing disease severity particularly in patients with chronic thyroid eye disease, in whom T2 relaxation measurements as an 
indicator of inflammation could be confounded by the presence of fat. 
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Fig 1: Box and whisker plots of mean fat fractions for each 
muscle of both orbits in volunteers (white) and patients 
(red) 

Table 1: Median fat fractions (%) for each major extra-ocular muscle in 
volunteers and patients with p-value for comparison between groups by 
Student’s t-test (* denotes statistically significant differences). 
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