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Purpose: To analyze radiological characteristics of the extraocular muscles (EOMs) in 
myasthenia gravis (MG) patients with ocular manifestations.
Patients and Methods: This retrospective case–control study included all MG cases with 
ocular manifestations, who attended a neuro-ophthalmology clinic at a university hospital, 
Bangkok, from April 2009 to June 2018. They experienced double vision and ophthalmople
gia. Control participants had normal eye movements. Orbital scans were thoroughly reviewed. 
We measured muscle thickness (MT) of the superior rectus, inferior rectus, medial rectus and 
lateral rectus muscles in both eyes using magnetic resonance imaging or computed tomography 
scan. The sum of the muscle thickness at all sites was calculated (MTsum). Comparisons of the 
mean MT of each muscle type and the mean MTsum between the MG and control groups were 
performed by using Student’s t-test. MRI signal intensities of the EOMs were also recorded.
Results: Twenty MG cases and 20 controls were included in the study. The mean MTsum 
was 23.7 (standard deviation 4.8) mm in the MG group and 32.6 (3.5) mm in the controls. 
There were statistically significant differences between the two groups with respect to the 
mean MT and mean MTsum (p <0.001). In the MG group, there was a negative correlation 
between the MTsum and disease duration (p= 0.03). By using coronal T2-weighted orbital 
MRI with fat suppression (T2W/FS), the most frequent finding was isointensity with central 
hypointensity of the EOMs in the MG group.
Conclusion: Atrophic EOMs were frequently found in the MG group, particularly in 
chronic cases. Isointensity with central hypointensity of EOMs on T2W/FS was also 
common in the MG group. These findings highlight the importance of muscle involvement 
in MG and may be helpful for clinical decision-making.
Keywords: myasthenia gravis, acetylcholine receptor antibodies, extraocular muscles, 
extraocular muscle atrophy, central hypodensity

Introduction
Myasthenia gravis (MG) is an autoimmune disorder of the neuromuscular junction, 
frequently mediated by anti-acetylcholine receptor antibodies (anti-AChR-Ab) and 
anti-muscle-specific tyrosine kinase antibodies (anti-MuSK-Ab). The diagnosis is 
usually based on clinical symptoms and signs. Common symptoms are fluctuation 
of double vision, drooping eyelids, limb weakness, and difficulties with speech, 
swallowing, and breathing. Differential diagnoses of MG include chronic progres
sive external ophthalmoplegia (CPEO), inflammatory myositis, Miller-Fisher syn
drome, and brainstem lesions. Establishing a diagnosis can be challenging in 
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treatment-resistant patients. It would be helpful if there is 
an additional test for clinical judgement. Magnetic reso
nance imaging (MRI) enables noninvasive visualization of 
muscles and extraocular muscles (EOMs). It is increas
ingly being used in the evaluation of muscle disorders. 
Besides, EOMs are commonly affected in MG. However, 
MRI is not frequently performed in MG cases and radi
ological characteristics of MG are limited.1–3 The goal of 
this study was to analyze the radiological patterns of the 
EOMs in MG cases with ocular manifestations.

Patients and Methods
Patients
This retrospective, case–control study included all MG 
patients with ocular manifestations, who attended a 
neuro-ophthalmology clinic in Ramathibodi Hospital, 
Bangkok, from April 2009 to June 2018. The study estab
lished the completeness of reporting, as defined by adher
ence STARD 2015.4 Inclusion criteria for MG were 1) 
double vision and ophthalmoplegia; 2) fluctuating course; 
3) ocular examinations consistent with MG, such as posi
tive fatigability test, Cogan’s lid twitch, and fast saccadic 
eye movement; 4) at least one of the following tests was 
positive: anti-AChR-Ab, decremental response (>10%) of 
a compound muscle action potential on 2–3-Hz repetitive 
nerve stimulation and increased jitter on single-fiber elec
tromyography; 5) exclusion of alternative diagnoses; and 
6) available orbital MRI or computerized tomography 
(CT) scans. The patients might or might not have experi
enced dysarthria, difficulty in swallowing, limb weakness 
and respiratory symptoms. All cases had been diagnosed 
with MG before inclusion in the study. Exclusion criteria 
for the MG group were alternative diagnoses such as 
CPEO, Miller-Fisher syndrome, cranial nerve palsies or 
brainstem lesions; and no orbital scans. Inclusion criteria 
for the controls were 1) no double vision; 2) normal eye 
movements; and 3) available orbital MRI/CT scans. The 
controls attended the same neuro-ophthalmology clinic 
and had orbital scans performed during the same period 
of time. They experienced orbital pain or optic neuropathy 
(inflammation, infarction, toxin, and compression). All 
orbital scans were carried out only for routine clinical 
care long before the study was performed.

Orbital Scans
The MRI examinations were performed on a 3.0-T scanner 
(Ingenia; Philips Healthcare, Best, Netherlands) with a 

standard head coil and our routine brain and orbital MRI 
protocols. Imaging sequences of the orbital MRI included 
axial and coronal contrast-enhanced T1-weighted images 
with fat suppression (CE-T1W/FS) and T2-weighted 
images with fat suppression (T2W/FS). Coronal CE- 
T1W/FS images were performed with TR = 500–700, 
TE=10, matrix size = 450×450, FOV = 180×180, slice 
thickness 3 mm, and intersection gap 0.3 mm. Coronal 
T2W FS images were acquired with TR = 3000–5000, 
TE=80–120, matrix size = 450×450, FOV = 180×180, 
slice thickness 3 mm, and intersection gap 0.3 mm. The 
CT examinations were conducted with a 64-channel multi
detector CT scanner (IQon Elite Spectral CT scanner; 
Philips Healthcare, Best, Netherlands). Imaging sequences 
included unenhanced and contrast-enhanced axial images. 
A standard CT protocol was performed with an injection 
of nonionic-iodinated contrast (1 mL/kg) at a rate of 1.2– 
1.5 mL/s and a 60–70-s delay for the venous phase. CT 
images were acquired with reconstructed slice thickness of 
1 mm. The orbital MRI or CT scans of all participants 
were reviewed by the neuroradiologist (O.T.) with 8 years 
of experience, who was unaware of the clinical diagnoses. 
Muscle thicknesses (MT) of superior rectus (SR), inferior 
rectus (IR), medial rectus (MR) and lateral rectus (LR) in 
both eyes were measured (mm.) perpendicularly to the 
muscle at the thickest part using the coronal CE-T1W/FS 
of orbital MRI or contrast enhanced CT (Figure 1). We 
evaluated the entire muscle and measured the thickness at 
least 3 points. The thickest point of each muscle was then 
selected. As it is difficult to separate the SR and the levator 
palpebrae, we included the levator palpebrae for the SR 
measurement. The sum of the muscle thickness at all sites 
was calculated (MTsum). Signal intensities of the EOMs 
on coronal T2W/FS images were classified as 1) isointen
sity, 2) hypointensity, 3) hyperintensity or 4) Isointensity 
with central hypointensity. The cerebral cortex was the 
reference point for muscle intensity.

Ethical Issue
The study was approved by the Ethical Clearance 
Committee on Human Rights Related to Research 
Involving Human Subjects, Faculty of Medicine 
Ramathibodi Hospital, Mahidol University, and followed 
the ethical principles in the Declaration of Helsinki (ID: 
COA.MURA.2019/556). The patient informed consent to 
review their medical records was not required by the ethics 
committee because the research involved no more than 
minimal risks; the waiver of informed consent will not 
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adversely affect the rights and welfare of the subjects; it 
was not practicable to conduct the research without the 
waiver or alteration; whenever appropriate, participants 
will be provided with additional pertinent information 
after their participation.

Statistical Analysis
The Student’s t-test was used to compare the mean of 
MTsum and the mean MT of each muscle between the 
two groups. The Shapiro–Wilk W-test was evaluated 
before calculating the Student’s t-tests. The test revealed 
that the data was normally distributed. Correlation 
between the sum of muscle thick MTsum and the disease 
duration (years) in the MG group was analyzed using 
Spearman correlation coefficient analysis. P-values of 
less than 0.05 were considered to be statistically signifi
cant. Stata 15.1 (College Station, Tx; StataCorp. LLC.) 
was used in the analysis.

Results
Demographic Data
A total of 40 participants were included in the study. There 
were 20 cases in the MG group [aged 17–63 years (mean 
42.1, standard deviation (SD) 13.8); 14 females (70%); 5 
patients (25%) had thymoma and 10 (50%) were seropo
sitive to anti-AChR-Ab]. Disease duration ranged from 
0.083 to 30 years (median 4.5). Of the MG cases, orbital 
MRIs were performed in 14, whereas orbital CT scans 

were performed in the others. There were 20 participants 
in the control group [aged 22–78 years (mean 56.2, SD 
15.2); 16 females (80%)].

Muscle Thickness
Of all 40 participants, the mean MTsum was 23.7 mm (SD 
4.8) in the MG group and 32.6 mm (SD 3.5) in the control 
group. There was a statistically significant difference in the 
mean MTsum between the two groups (p <0.001). Table 1 
shows the mean MT of each muscle in both groups. There 
were statistically significant differences in the mean MT of 
each muscle between the two groups. There was no statisti
cally significant difference in the mean MTsum between 
seropositive and seronegative MG patients (mean 21.9, SD 
4.2; mean 25.3 SD, 5.1, respectively; p=0.12). Of all MG 
patients, 55% received prednisolone before the scan exam
inations. There was no statistically significant difference in 
the mean MTsum between prednisolone treatment and no 
prednisolone treatment subgroups (mean 21.9, SD 4.8; mean 
25.9, SD 4.1, respectively; p=0.06). Of all MG patients, there 
was a negative correlation between the MTsum and disease 
duration (Spearman’s rank correlation coefficient of −0.49, p 
=0.03) (Figure 2). There was no significant correlation 
between the MTsum and age (p=0.36).

MRI Subgroup Analysis
Of all 35 participants who had MRI scans performed, there 
were 14 MG patients (disease duration 0.083–30 years 

Figure 1 (A) Coronal contrast-enhanced T1-weighted orbital magnetic resonance imaging with fat suppression (CE-T1W/FS) in a patient with myasthenia gravis. (B) 
Coronal orbital computerized tomography scan in a patient with myasthenia gravis. The thickest part of bilateral inferior rectus muscles was measured (white line) in both 
cases.
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[median 5]) and 20 controls. The mean MTsum was 24.4 mm 
(SD 5.0) in the MG group and 32.6 mm (SD 3.5) in the 
control group. There was a statistically significant difference 
in the mean MTsum between the two groups (p <0.001). 
Table 2 shows the mean MT of each muscle in both groups. 
There were statistically significant differences in the mean 
MT of each muscle between the two groups.

Muscle Signal Intensities
Orbital MRIs were reviewed in 14 MG cases. The signal 
intensities of the MR, LR, SR and IR muscles were 

recorded (total muscle number=112) with poor visuali
zation in 10 muscles (8.9%). Of the remaining 102 
muscles, the most frequent signal intensity in coronal 
T2W/FS images was isointensity with central hypointen
sity (n=66, 64.7%), followed by isointensity (n=32, 
31.4%) and hypointensity (n=4, 3.9%). There was no 
hyperintensity in any muscle. Isointensity with central 
hypointensity was mainly observed in the MR, SR, and 
IR muscles in cases with disease duration between 0.1 
and 30 years (median 5.5 years) (Figure 3). Conversely, 
isointensity was frequently found in the LR muscles. 

Table 1 Mean Muscle Thickness of Each Muscle in the Myasthenia Gravis and Control Groups in All Participants

Mean Muscle Thickness (mm) in the MG Group 
(SD)

Mean Muscle Thickness (mm) in the Control Group 
(SD)

P value

n=20 n=20

Right MR 3.2 (0.8) 4.2 (0.6) <0.001
Right LR 3.1 (1.0) 4.5 (0.6) <0.001

Right SR 2.6 (0.7) 3.7 (0.7) <0.001

Right IR 3.0 (0.9) 4.0 (0.6) <0.001
Left MR 3.1 (0.7) 4.1 (0.7) <0.001

Left LR 3.3 (0.9) 4.8 (0.6) <0.001

Left SR 2.5 (0.6) 3.5 (0.7) <0.001
Left IR 3.0 (0.9) 3.9 (0.7) 0.003

Abbreviations: SD, standard deviation; MR, medial rectus; LR, lateral rectus; SR, superior rectus; IR, inferior rectus.

Figure 2 Graph of the correlation between the sum of muscle thickness (mm) and disease duration (years) in the myasthenia gravis group.
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The signal intensities of the MR, LR, SR and IR mus
cles were also recorded in the controls (total muscle 
number=160). Of the 160 muscles, the most frequent 
signal intensity was isointensity (n=140, 87.5%), fol
lowed by isointensity with central hypointensity (n=20, 
12.5%). Neither hypointensity nor hyperintensity was 

demonstrated in the controls. Isointensity was the most 
frequent signal in all muscle groups. In the controls, 
isointensity with central hypointensity was demonstrated 
in participants aged 71–80 (75%), 61–70 (0%), 51–60 
(25%), 41–50 (50%), 31–40 (0%), and 21–30 
years (0%).

Table 2 Mean Muscle Thickness of Each Muscle in the Myasthenia Gravis and Control Groups in Participants with MRI Scans

Mean Muscle Thickness (mm) in the MG 
Group (SD)

Mean Muscle Thickness (in mm) in the 
Control Group (SD)

P value

n=13 n=20

Right MR 3.3 (0.8) 4.2 (0.6) 0.001
Right LR 3.2 (1.0) 4.5 (0.6) <0.001

Right SR 2.6 (0.8) 3.7 (0.7) <0.001

Right IR 3.1 (0.9) 4.0 (0.6) 0.001
Left MR 3.2 (0.8) 4.1 (0.7) 0.002

Left LR 3.4 (0.9) 4.8 (0.6) <0.001

Left SR 2.7 (0.5) 3.5 (0.7) 0.001
Left IR 2.9 (1.0) 3.8 (0.7) 0.005

Figure 3 (A) Coronal T2-weighted orbital magnetic resonance imaging with fat suppression (T2W/FS) and (B) coronal CE-T1W/FS in a 49-year-old woman with myasthenia 
gravis for 10 years, showing bilateral extraocular muscle (EOM) atrophy and isointensity with central hypointensity of bilateral inferior rectus muscles (arrow); (C) Coronal 
T2W/FS and (D) coronal CE-T1W/FS in a control participant, showing normal EOM size and isointense muscles.
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Discussion
The EOM thickness of the controls in this study was com
parable to the standard values measured in the healthy Thai 
population.1 This study demonstrated EOM atrophy in the 
acute and chronic MG cases, being more pronounced in 
patients with long disease duration. Additionally, the EOM 
thickness in patients treated with prednisolone did not sig
nificantly differ from those without the treatment. The find
ings were more or less the same as those in previous case 
reports.2–5 Using CT/MRI scans, two case reports demon
strated bilateral EOM atrophy in anti-AChR-Ab and anti- 
MuSK-Ab MG with long disease duration.3,5 Keene et al 
recently demonstrated an increase in fat fraction of EOMs 
in acute and chronic anti-AChR-Ab MG, using 7-T MRI 
with Dixon and multi-echo spin-echo sequences. The find
ings indicate fat replacement in the EOMs in the early phase 
of the disease.6 Moreover, muscle atrophy also extends 
beyond the EOMs. There was MRI evidence of early mus
cle atrophy in anti-AChR-Ab MG in the posterior cervical, 
paraspinal, sternocleidomastoid, and masseter muscles.7 

Farrugia et al showed MRI evidence of bulbar- and facial- 
muscle wasting in chronic anti-MuSK-Ab MG.8

A study of an anti-AChR-Ab-positive patient showed 
fibrosis in the SR, which corresponded with EOM atrophy 
in the orbital MRIs.2 Although fibrosis is a pathological 
feature of chronic inflammation, we observed atrophic 
muscles in some acute cases. MG seems to manifest dif
ferently among patients as EOM atrophy can occur early 
or many years later in the course of the disease. The study 
showed that MG, a primary neuromuscular junction dis
order, can eventually affect the muscle fibers.2 Besides, a 
few pathological studies demonstrated lymphocyte infiltra
tions in the muscles of MG patients. The inflammatory 
responses damage the motor endplates, leading to denerva
tion of the muscles and subsequent muscle atrophy.2,9–11 

Mitochondrial damage and fibro-fatty replacement were 
commonly found in myasthenic EOMs, particularly in 
anti-MuSK-Ab MG.11 Additionally, Martignago et al com
pared myopathological features between anti-AchR-Ab 
and anti-MuSK-Ab in skeletal muscles. They demon
strated muscle atrophy in both conditions with more mito
chondrial involvement in muscle biopsies of anti-MuSK- 
Ab MG.12 These findings contribute to the treatment-resis
tance of myasthenic ophthalmoplegia.

EOM atrophy was also observed in CPEO and cranial 
neuropathies.13–15 A study compared EOM volume among 
patients with CPEO, MG, and cranial neuropathies. It 

demonstrated that the patients with cranial neuropathies 
had the smallest muscles. The EOM volume in CPEO and 
MG did not differ significantly. One of the characteristics 
of CPEO was an abnormally bright signal within the 
EOMs on T1W orbital scans.14 On the contrary, isointen
sity with central hypointensity on coronal T2W/FS was 
prominent in the MG cases in our study. This might be due 
to central fibrosis of the muscles. It was less likely to be 
the orbital fat because the orbital fat in the surroundings 
was suppressed entirely (Figure 3).

A limitation of this study was a possible selection bias 
that only patients with available scans were included. This 
limits the generalizability of the study results. Further 
cohort studies are required to address this issue.

Conclusion
Atrophic EOMs and isointensity with central hypointensity 
of the muscles on T2W/FS were frequently found in the 
MG group. EOM atrophy was found in the early course of 
the disease and becoming more prominent in chronic 
cases. These findings highlight the importance of muscle 
involvement in MG and may be helpful for clinical deci
sion-making.
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