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Abstract
Background: Diplopia identifies patients with eye muscle involvement in Graves’ ophthalmopathy (GO).
Objective: To identify clinical parameters that could eliminate the need for magnetic resonance imaging
(MRI) to assess the activity of inflammation in the eye muscles of GO patients with diplopia.
Methods: In 43 patients with GO with recently developed diplopia, orbital ultrasound and MRI were
performed. Muscle diameters and MRI T2 relaxation times were measured, and the amount of orbital
connective tissue was calculated from MRI scans and compared with ultrasound readings, diplopia
grades, degree of protrusion, ocular pressure, tear production, antibody levels and hormonal
parameters of thyroid function.
Results: No correlation was found between diameters of 233 extraocular muscles measured by MRI
and by ultrasound. For each of the four muscles, there was a diameter above which ultrasound was
always unreliable. MRI data were used in further analysis. Of the muscles examined, the inferior
rectuses were the most frequently enlarged – at least one, in 93% of cases. Medial, lateral and superior
rectuses were enlarged in 59%, 37% and 34% of the orbits respectively. The pattern of muscle
involvement of the two orbits tended to be symmetric (r ¼ 0.49, P ¼ 0.003), particularly for the medial
rectuses (r ¼ 0.90, P ¼ 0.000). Proptosis correlated with the sum of the muscle diameters for a given
eye (right eye: r ¼ 0.54, P ¼ 0.003; left eye: r ¼ 0.57, P ¼ 0.001), but it failed to correlate with the
amount of orbital connective tissue. In 53% of the patients, normal T2 relaxation times were found in
all eight muscles. There was only a weak correlation between muscle thickness and T2 relaxation time
(r ¼ 0.49, P ¼ 0.003), indicating that muscle enlargement alone is not a sign of disease activity. The
severity of diplopia was independent of T2 relaxation time. The amount of orbital connective tissue
showed a negative correlation with the greatest T2 relaxation time for a given eye (r ¼ ¹ 0.52,
P ¼ 0.004); this suggests that disease types exist that have predominant muscle involvement and
predominant connective tissue expansion. No correlation between connective tissue expansion and
proptosis, diplopia grade, muscle thickness or disease duration was found – that is, connective tissue
expansion is not a major factor in diplopia. Both muscle and connective tissue findings were
independent of thyroid function.
Conclusion: Ultrasound and MRI eye muscle diameter readings do not correlate, because of the inherent
inaccuracy of orbital ultrasound. Muscle enlargement alone does not mean oedematous swelling and
active disease. Neither ultrasound, nor any combination of 11 clinical and laboratory parameters
provided the degree of information on muscles and connective tissue that was obtainable by MRI. In
unclear cases of recently developed diplopia, before orbital decompression surgery, in the case of
treatment failure or if, for any other reason, imaging is needed in GO, MRI is the method of choice.
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Introduction

Eye protrusion in patients with Graves’ ophthalmopathy
(GO) is the result of extraocular muscle swelling, retro-
ocular connective tissue expansion, or both (1–3).
Diplopia is caused by external eye muscle dysfunction,
either due to the presence of lymphocytic infiltration

and edematous swelling (active disease) or fibrosis
(inactive disease) in the muscles. It is essential to
distinguish between active and inactive disease in the
muscles for purposes of treatment decisions (4), as
only patients with active disease will benefit from
immunosuppressive treatment (5, 6). In contrast,
patients with inactive disease are better candidates for
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muscle-corrective surgery because of the unpredictable
results of corrective surgery in patients with signs of
active inflammation in the muscles. Both active and
inactive disease may present with enlarged muscles (7).
Thus, in GO patients with diplopia, it is crucial to obtain
reliable information to determine the type and degree
of extraocular muscle involvement in order to institute
appropriate treatment. In the present series of patients,
using imaging techniques and clinical assessment of
eye muscle and thyroid status, we failed to identify a
combination of ultrasound and clinical data that could
be substituted for MRI. In addition, we show that recent-
onset diplopia is not always accompanied by signs of
active inflammation in the muscles.

Patients and methods

Patients
Forty-three patients with Graves’ disease (age 45 6 11
years, 37 women, six men) with GO were entered in
the study. The selection criteria were the presence of
diplopia that had developed within 90 days before
presentation, and clinical and laboratory signs of
existing Graves’ disease, or a documented history
of Graves’ disease. In euthyroid antibody-negative
patients without a known history of thyroid disease
(one patient, see below), the minimum requirement
was a less than normal response during thyrotrophin-
releasing hormone (TRH) stimulation in the absence
of any other eye or orbital disease that could explain
the complaints. Patients with previously known Graves’
disease had been treated earlier (drug, radioiodine or
surgery) or were receiving continuous thyroid medi-
cation during the study. Nine of the 43 patients had
already had ophthalmopathy for up to 5 years at the
time of the first appearance of diplopia. All patients
gave informed consent to participate in the study.

Clinical assessment
In patients complaining of diplopia, diplopia grade was
assessed with the patient in a fixed-head position,
asking the patient to follow (with the eyes only) a small
tool (ballpen) that was moved from the centre of the
binocular visual field towards its periphery in the four
main directions. The severity of restriction of eye move-
ment was graded as: 0 ¼ no diplopia (no patient had
grade 0 in our series, see selection criteria above); A ¼
diplopia only at extreme lateral and/or upward and/or
downward gaze; B ¼ diplopia in all but one single
(usually forward) direction of gaze; C ¼ diplopia in all
directions of gaze. This severity score (ABC score) is
slightly different from the diplopia score described in
the ‘no specs’ classification of the Ad Hoc Committee
of the American Thyroid Association (8).

Hess charts were constructed for each patient.
Protrusion was measured with Hertel’s exophthal-
mometer. Ocular pressure was measured using a

tonometer. Tear production was estimated using
Schirmer’s test.

Thyroid hormone and thyroid-stimulating hormone
(TSH) concentrations were measured using commercial
methods (third generation TSH and free thyroxine
(FT4): LIA-mat, Byk-Sangtec Diagnostica, Dietzenbach,
Germany; free tri-iodothyronine (FT3): Abbott Labora-
tories, Abbott Park, IL, USA). TSH receptor binding
antibodies (TRAb) were detected using the TRAK assay
(Brahms, Berlin, Geremany).

Imaging techniques
Magnetic resonance images (MRI) of the orbits were
performed using a Shimadzu SMT-100X (1.0 T) unit.
Serial 3 mm coronal images, with 1 mm gaps, were
taken of the medial, inferior and superior rectus
muscles, and axial images of the lateral rectus muscles.
After the horizontal diameters of the medial and
lateral rectus muscles and the vertical diameters of the
superior and inferior rectuses had been measured on
the series of images, the largest diameter of the middle
section of each muscle was chosen for further compari-
sons. T2 relaxation times were calculated and long T2
times were considered to indicate oedema (7, 9). The
amount of orbital connective tissue was calculated from
a series of axial images of the orbits taken parallel to the
optic nerve with 3 mm slice thickness. From the images,
the total volume of the bony orbit and the amount of
orbital connective tissue were calculated, and the
connective tissue volume (mm3):bony orbit volume
(mm3) ratio was regarded as the relative amount of
connective tissue.

Orbital ultrasound (10) was performed by two
independent ophthalmologists, using a NIDEK Echoscan
3300 with a 10 MHz transducer. In addition to the
routinely used B mode images, ophthalmologists were
allowed to obtain simultaneous A mode scans if they
felt that it helped to obtain more accurate measure-
ment of muscle diameter.

Statistical analysis
Muscle diameters measured by MRI and ultrasono-
graphy were compared using Pearson’s product–
moment correlation test. Non-parametric comparisons
were performed using the Kruskal–Wallis test or,
where appropriate, the Mann–Whitney U test. Two-
by-two tables with Pearson’s and Yates’ x2 calculations
were analysed.

Results

Patient characteristics and the functional
status of the thyroid gland

Seventy-seven percent of patients were between 30
and 60 years of age when diplopia appeared. At the
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time of the investigation, 29% of the patients were
hyperthyroid, 56% euthyroid and 15% hypothyroid.
The thyroid status represented the result of antithyroid
treatment for Graves’ disease in 33 patients. In ten of
the 43 patients, diplopia was the presenting complaint
that led to the diagnosis of Graves’ disease. Before
treatment, six were hyperthyroid, two had subclinical
hyperthyroidism (defined as normal FT4, normal FT3
and subnormal TSH concentrations), one was euthy-
roid and one hypothyroid. The euthyroid patient, who
presented with grade B diplopia, had no history of
thyroid disease, and had no thyroid abnormalities
except for a suppressed TSH response to TRH; on MRI,
expansion of the retrobulbar connective tissue was
observed. This patient’s extraocular muscles were not
enlarged, and T2 relaxation times were in the normal
range.

External eye muscle involvement

The diplopia grades of the 43 patients examined were:
grade A, 15 patients; grade B, 14 patients; grade C, 14
patients.

Readings of the diameters of 233 eye muscles
obtained by MRI and ophthalmic ultrasonography
were compared. Correlations for each muscle are
shown in Table 1. Both sensitivity and specificity of
ultrasound for the detection of enlarged muscles were
low (sensitivities: inferior rectus 56.7%, medial rectus
62.1%, lateral rectus 52.8%, superior rectus 65.6%;
specificities: inferior rectus 25.0%, medial rectus 44.9%,
lateral rectus 43.6%, superior rectus 24.0%). In
general, compared with results from MRI, those
obtained by sonography underestimated muscle size,

and many enlarged muscles were recorded as normal.
For each muscle, there was a diameter (as determined
by MRI) above which ultrasound was always unreliable
(inferior rectus 12.5 mm, medial rectus 9.0 mm, lateral
rectus 4.5 mm, superior rectus 9.5 mm). We used the
MRI diameter readings in the investigations detailed
below. The extraocular muscle diameters identified as
normal by MRI, based on findings in 20 normal indi-
viduals, are shown in Table 2.

T2 relaxation times were considered indicative of
increased water content (oedema) and active inflamma-
tion in the muscles if they were greater than 63 ms
(mean 6 2 S.D. of 20 healthy controls: 52.4 6 11.0 ms).
In 16 of 34 patients (47%) at least one muscle had an
increased T2 value. There was only a weak correlation
between muscle thickness and T2 relaxation time
(r ¼ 0.49, P ¼ 0.003), showing that muscle thickness
alone is not a measure of the degree of inflammation.
Diplopia grade did not predict inflammatory activity;
Fig. 1 shows that there were equal chances of finding
a normal or increased T2 relaxation time in all grades
(A–C).

A tendency toward symmetry of the pattern of
muscle involvement of the two eyes was observed in
any individual patient (r ¼ 0.52, P ¼ 0.001 for all four
muscles), particularly for the medial rectus muscles
(r ¼ 0.90, P ¼ 0.000). The number of patients with
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Table 1 Correlation between extraocular muscle diameters obtained by ultrasound and by MRI.

Right eye Left eye

Muscle Correlation P n Correlation P n

Inferior rectus 0.0822 0.666 30 0.2794 0.142 29
Medial rectus 0.0585 0.759 30 0.0722 0.699 31
Lateral rectus ¹0.2049 0.296 28 ¹0.1433 0.458 29
Superior rectus 0.0408 0.837 28 0.3098 0.109 28

Table 2 Normal extraocular muscle
diameters as determined by MRI
(n ¼ 20).

Muscle Diameter (mm)

Inferior rectus 4.1 6 0.4
Medial rectus 3.8 6 0.3
Lateral rectus 3.1 6 0.2
Superior rectus 3.5 6 0.2

Values are means 6 SD.

Figure 1 Activity of muscle inflammation in different diplopia
grades. In all grades of diplopia there were nearly equal numbers of
patients with normal and increased T2 relaxation times – that is,
diplopia grade alone did not predict inflammatory activity.



one or more enlarged muscles is shown in Fig. 2. In two
patients, no muscle enlargement and normal T2
relaxation times were identified on MRI. One of these
two patients had no thyroid abnormality except for a
suppressed TSH response to TRH, grade B diplopia
and expanded orbital connective tissue. One year later,
she had no diplopia and presented with subclinical
hypothyroidism. The other patient had untreated
Graves’ disease, increased FT4 concentrations, normal
amounts of orbital connective tissue and grade A
diplopia. Both Hess charts were characteristic of mild
bilateral medial rectus dysfunction, emphasizing the
importance of clinical examination in addition to
radiographic studies.

Among the extraocular muscles, the inferior rectus
was the most frequently enlarged (Table 3). For the right
and left eyes, this muscle was enlarged in 85 and 83%
of the patients respectively; at least one of the two
inferior rectus muscles was enlarged in all but three
patients (93%). Two of the three patients had no
muscle involvement at all by MRI (see above), while
one patient had a lone, mild medial rectus muscle

enlargement. If two or more muscles were affected in
a patient, the inferior rectus muscle was always one
of them.

Orbital connective tissue

In 20 normal orbits, the connective tissue:bony orbit
ratio was 0.47 6 0.02; that for the patients’ eyes was
0.59 6 0.10. There was a negative correlation between
the amount of connective tissue and the T2 relaxation
time of the most severely involved muscle in the orbit
(r ¼ ¹ 0.52, P ¼ 0.004). This means that patients
with more connective tissue were less likely to have
inflammatory signs in the muscles. No correlation
between connective tissue status and individual or
cumulative (sum of muscle diameters for a given eye)
muscle diameters, diplopia ABC grade, proptosis, ocular
pressure, patient age, thyroid function or TRAb levels
was found.

Hess charts
Hess charts showed axis deviation in all cases. How-
ever, neither the number of involved muscles, nor the
muscles themselves could be correctly identified on
the basis of these charts, by an investigator blinded
to the results of MRI and ultrasound.

Proptosis, intraocular pressure,
tear production

For the entire group of patients with diplopia, the
mean Hertel readings (20.5 6 3.7 mm right eye, 20.0 6
4.0 mm left eye; upper limit of normal based on the
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Figure 2 Numbers of enlarged muscles in patients with diplopia. Two or three muscles were involved in the majority of the patients.

Table 3 Frequency of enlargement of extraocular
muscles.

Frequency of enlargement (%)

Muscle Right eye Left eye

Inferior rectus 85 (n ¼ 40) 83 (n ¼ 42)
Medial rectus 65 (n ¼ 40) 83 (n ¼ 41)
Superior rectus 43 (n ¼ 35) 30 (n ¼ 37)
Lateral rectus 32 (n ¼ 38) 36 (n ¼ 39)



mean þ 2 S.D. of 50 Hungarian individuals, 17.0 mm)
showed exophthalmos. Correlation was found between
the degree of exophthalmos and the sum of muscle
diameters on MRI for a given eye (right eye: r ¼ 0.54,
P ¼ 0.003; left eye: r ¼ 0.57, P ¼ 0.001). Of the
diameters, those of the right and left medial rectuses
and left superior rectus correlated with Hertel readings
(r values 0.40, 0.50 and 0.46 respectively; P < 0.05
for each muscle). However, a normal Hertel reading
did not guarantee normal sized muscles on MRI. No
correlation between the amount of orbital connective
tissue and the degree of proptosis was found. Interest-
ingly, a negative correlation was noted between the
degree of exophthalmos and the diplopia ABC grade:
Hertel values were consistent with more severe exoph-
thalmos in the presence of grade A diplopia than in
B or C diplopia (right eye: grade A 22.3 6 3.7 mm,
grade B 19.9 6 3.2 mm, grade C, 18.0 6 2.7 mm; left
eye: grade A, 21.7 6 4.1 mm, grade B, 19.8 6 3.1 mm,
grade C, 17.4 6 3.0 mm; correlations between Hertel
readings and diplopia ABC grades: r ¼ ¹ 0.49,
P ¼ 0.004 and r ¼ ¹ 0.47, P ¼ 0.007 for the right and
left eyes respectively).

Mean ocular pressure (19.2 6 3.78 mmHg) was near
the upper limit of normal and mean tear production
(13.23 6 8.0 mm in 5 min) was near the lower limit of
normal. Individual values were independent of muscle
and connective tissue status. Neither the functional
status of the thyroid nor the presence or absence of
TRAb influenced tear production.

Thyroid function tests and TSH
receptor antibodies

No correlation was found between thyroid function
(TSH, FT4, FT3) and any of the other parameters
studied.

The TRAb level for the whole group was 22.2 6
24.4 U/l (normal less than 15 U/l). TRAb levels
correlated with the diameters of medial rectus muscles
(right: r ¼ 0.58, P ¼ 0.009, left r ¼ 0.48, P ¼ 0.043);
no correlation with any of the other muscles was
found. TRAb did not correlate with diplopia ABC
grade, proptosis, ocular pressure, tear production, T2
relaxation time, or the amount of orbital connective
tissue.

Discussion
External eye muscles are important contributors to
the orbital process in Graves’ ophthalmopathy. Our
cohort of patients was composed of individuals who
developed diplopia within 90 days of enrolment in the
study. The rather unusual selection criterion, diplopia,
guaranteed that muscle dysfunction was present and
allowed us to describe characteristics of the affected
extraocular muscles. The age distribution of our
patients with diplopia was somewhat different from

that previously described for ophthalmopathy (11); in
our group, few patients were younger than 30 years
and the ages of the majority of our patients were
clustered around the fifth decade.

For clinical assessment of the diplopia at presenta-
tion, a three-grade system was used. The system, termed
ABC diplopia score, is simple and interobserver varia-
tion is minimal. In common with the ‘no specs’ (8) and
other scoring systems, the ABC score also requires
more accurate supplementary techniques to detect
and follow fine changes in restricted eye movements.
Approximately equal numbers of patients were found
in the three severity groups (A, B and C).

Nearly 50% of the patients had normal FT4 and FT3
concentrations when diplopia developed. This high
number is explained by the fact that many patients
(33 of 43) had been treated earlier or had been taking
drugs for hyperthyroid Graves’ disease at the time of
investigation. In contrast, the majority of the ten
patients in whom diplopia was the presenting complaint
were hyperthyroid.

Both MRI (9) and ultrasound (12–14) are widely
used for the detection and follow-up of muscle involve-
ment in GO. For reasons of cost, it would be helpful
to identify those patients who may be evaluated by
ultrasound and those who need MRI. We were unable
to identify clinical parameters that could predict the
unsuitability of a given patient for sonographic muscle
diameter measurement on admission. The apparent
inaccuracy of ophthalmic ultrasound in patients with
diplopia obliged us to use MRI diameter readings for
comparisons and statistics. On the basis of the present
results, which are consonant with others’ (15), we do
not recommend ultrasound as the first approach,
because of variability in orbital tissue measurements.
With the combined use of MRI and ultrasound, one
can decide if ultrasound is sufficient for follow-up or
if repeated MRI is required. MRI is also crucial for the
measurement of T2 relaxation time, which helps to
estimate the activity of inflammation in the muscles
(4, 16). Extremely enlarged muscles were especially
liable to be underscored by ultrasound: for each muscle,
there was a diameter (as determined by MRI) above
which ultrasound was always unreliable. One reason
for this, among others (17), is that MRI affords the
possibility of finding the thickest section of the muscle,
whereas ultrasound is limited by examination angles.
The lack of muscle enlargement or extended T2 on MRI
in two of the patients with diplopia may mean that
MRI is not sensitive enough to detect early muscle
changes that cause muscle dysfunction. Alternatively,
there may be mechanisms of muscle dysfunction other
than those that lead to muscle thickening or oedema-
tous swelling.

Of the muscles examined, at least one of the inferior
rectuses was involved in 93% of the patients. The fre-
quency of the involvement of each muscle was
comparable to the findings of three other groups
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(18–20), in spite of the exclusion of GO patients with no
diplopia from our series. Muscle thickness correlated
only weakly with the activity of disease estimated from
the T2 relaxation time. Although enlarged muscles
were more likely to occur with longer T2 relaxation
times, muscle enlargement also occurred independently
of T2 relaxation time. Similarly, severe (grade B or C)
diplopia was found in equal number with normal and
abnormal T2 relaxation times. Neither thick muscle(s)
nor severe diplopia is equivalent to active inflammation
in the muscles; T2 relaxation time measurements or
other supplementary techniques, such as glycosamino-
glycan determination in the urine (21), are needed to
assess muscle status.

The symmetric MRI muscle enlargement patterns
of the eyes suggest that the autoimmune process is
symmetric, and other local factors may account for any
asymmetric appearance and clinical parameters. Local
treatments, including radiation therapy, should target
both eyes, regardless of the often non-symmetric clinical
appearance.

The negative correlation between T2 relaxation time
in the muscles and the amount of connective tissue
suggests that disease types exist that have predominant
muscle involvement and predominant connective tissue
expansion. We speculate that two components of the
immune process act on different tissues – muscles and
connective tissue. Expanded connective tissue is not a
major factor in diplopia, because diplopia ABC grade
did not correlate with connective tissue status, and
because proptosis was not dependent on the amount of
connective tissue.

We found a correlation between the degree of exoph-
thalmos and the sum of muscle diameters for a given
eye. The thickness of the medial rectuses also correlated
with Hertel readings. A similar connection between
exophthalmos and computer tomographic volumetric
readings has been described by others (22). However,
in our series a normal Hertel did not guarantee normal
sized muscles. The radiographic diameter of the medial
rectus muscle on MRI correlated with TRAb. Although
others have described an even stronger connection
between TRAb levels and GO (23; for review, see 24),
the correlation in the present study was weak and may
not be clinically relevant.

These results show that when diplopia manifests
during the course of GO, imaging by MRI reveals at least
one enlarged muscle in the majority of patients (in
95% in this series). Muscle water content, as judged
by T2 relaxation time, varied from normal to severe
inflammation. Ultrasound alone or in combination
with any clinical or laboratory parameters was not
sufficient, and often misleading, in the assessment of
muscle status. In unclear cases of recently devel-
oped diplopia, before orbital decompression surgery,
in the case of treatment failure or if, for any other
reason, imaging is needed in GO, MRI is the method
of choice.
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