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Investigations of ocular changes, extraocular muscle thickness,
and eye movements in Graves’ ophthalmopathy
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Summary. The aim of this study was to evaluate ocular changes, to measure the thickness of
extraocular muscles, and to assess eye movements in patients with active Graves ophthalmopathy.

Material and methods. We examined 27 patients (18 women and 9 men) with Graves’
ophthalmopathy. Their age ranged from 17 to 59 years, mean age was 42.7+£2.9 years. The
control group consisted of 30 healthy persons aged 43.6+2.6 years. All patients underwent a
complete ophthalmic examination including best-corrected Snellen visual acuity testing,
measurements of proptosis using Hertel exophthalmometer, echography using A/B mode Mentor™
Advent ultrasonic diagnostic imaging system, ocular motility, slit-lamp and ophthalmoscopic
examination.

Results. The examination showed a significant increase of proptosis, periorbital edema in
66.67%, chemosis in 59.26%, injection of conjunctiva in 45.15% of patients. The majority of
patients with infiltrative form of Graves’ ophthalmopathy had a significant enlargement of medial
rectus muscle (from 5.0 to 5.9 mm in 46.3%, from 6.0 to 6.9 mm in 22.22% of eyes) and inferior
rectus muscle thickness (from 5.0 to 5.9 mm in 33.33%, from 6.0 to 6.9 mm in 24.07% of eyes),
disturbances in upward (less than 30° in 62.96%) and lateral eye movements (from 30 to 50° in
77.78%).

Conclusions. The results of ocular examination showed an increase of proptosis, periorbital
edema, chemosis and injection of conjunctiva in patients with Graves ophthalmopathy. Ultrasound
investigations showed a marked increase in the volume of medial and inferior eye muscle. In
patients with Graves’ ophthalmopathy, the changes in ocular motility (upward and lateral gaze)

were detected.

Introduction

Graves’ ophthalmopathy (thyroid ophthalmopathy,
thyroid eye disease, thyroid-related ophthalmopathy,
orbitopathy) is an autoimmune disorder and is often
associated with thyroid pathology (1, 2). Usually it
appears in patients with active or treated Graves’ dis-
ease. Graves’ ophthalmopathy can cause eyelid retrac-
tion, lagophthalmos, periorbital and lid edema, injec-
tion and edema of the bulbar conjunctivae, proptosis
(exophthalmos), inflamed caruncle, increased orbital
pressure, corneal exposure, disturbances in ocular mo-
tility, diplopia, and optic neuropathy (3). Proptosis and
optic neuropathy can be explained mechanically by the
edema and enlargement of retrobulbar tissue and extra-
ocular muscles. These changes result because of lym-
phocytic infiltration, activation of fibroblasts, accu-
mulation of collagen and glycosaminoglycans (4, 5).

Careful orbital ultrasonography, computed tomo-
graphy, magnetic resonance imaging analysis can help
to measure the thickness of the extraocular muscles.
These methods reveal the swelling of extraocular mus-
cle involved in Graves’ ophthalmopathy by showing
the enlargement of the muscles and increased volume
of orbital fat. The thickness of extraocular muscles
and ocular motility are not frequently investigated in
patients with Graves’ ophthalmopathy.

The objective of the present study was to evaluate
the thickness of extraocular muscles and eye move-
ments in patients with Graves’ ophthalmopathy.

Material and methods

There were 27 (18 women and 9 men, 54 eyes)
patients with Graves’ ophthalmopathy in the study.
Their mean age was 42.7+2.9 years (range from 17 to
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59 years). The control group consisted of 30 healthy
persons aged 22 to 62 years (the mean age was 43.6+
2.6 years).

Graves’ ophthalmopathy was present in 14 (51.85%)
hyperthyroid, 6 euthyroid (22.22%), 4 (14.81%)
hypothyroid patients, and in 3 (11.11%) patients with
Hashimoto’s thyroiditis. The duration of the disease
was less than one year in 11 patients (40.74%), one to
two years in 9 (33.33%), and more than two years in
7 (25.93%).

All patients underwent a complete ophthalmic
examination including best-corrected Snellen visual
acuity testing, proptosis measurement by Hertel exoph-
thalmometer, ocular motility, slit-lamp (soft tissue
changes) and ophthalmoscopic examination. The diag-
nosis of Graves’ ophthalmopathy was based on stan-
dard clinical features and the measurements of extra-
ocular muscle thickness by echography. The measure-
ments of extraocular muscles (medial, lateral, inferior,
and superior rectus) were performed using A/B mode
Mentor™ Advent ultrasonic diagnostic imaging sys-
tem with a 7.5 MHz transducer. The probe was placed
on the side of the globe opposite the muscle to be
examined. Eye movements were examined by the me-
thod of kinetic perimetry.

Results were statistically analyzed by using Stu-
dent’s t-test. P values less than 0.05 were considered
statistically significant.

Results

The majority of patients had corrected visual acuity
of 1.0. The mean visual acuity was 0.97+0.28.

In patients with Graves’ ophthalmopathy, the mean
of exophthalmos was 20.83+0.64 mm (p<0.001). We
found that overall patients with Graves’ ophthalmo-
pathy had a greater degree of proptosis. The mean
value of ocular protrusion in healthy persons was
15.62+0.58 mm. Asymmetry of exophthalmos was
present in 14.81% of patients. Periorbital edema was
found in 66.67% of patients, chemosis — in 59.26%,
conjunctival injection was noted in 48.15% of patients.
Diplopia was found in 6 (22.22%) patients. Ultrasono-

graphic investigations showed that in healthy persons,
the thickness of medial rectus was 3.83+0.08 mm, su-
perior rectus — 3.5+0.09 mm, lateral rectus — 3.67+0.08
mm, inferior rectus — 3.58+0.07 mm. The amplitude
of movement to the lateral side was 51.4+0.26°, down-
ward — 58.7+0.17°, medial — 49.3+0.24°, upward —
38.3+0.23°.

The majority of patients with infiltrative form of
Graves’ ophthalmopathy had a significant enlargement
of medial rectus (from 5.0 to 5.9 mm in 46.3%, from
6.0 to 6.9 mm in 22.22% of eyes) and inferior rectus
thickness (from 5.0 to 5.9 mm in 33.33%, from 6.0 to
6.9 mm in 24.07% of eyes). The thicknesses of extra-
ocular muscles are shown in Table 1 and Fig. Medial
rectus thickness was 5.1+0.12 mm, inferior rectus —
5.5+0.13 mm (p<0.001). Inferior and medial recti were
the most affected muscles, although the superior and
lateral muscles were involved too. The thickness of
superior rectus (from 5.0 to 5.9 mm in 31.48% of eyes)
and lateral rectus (from 5.0 to 5.9 mm in 44.44% of
eyes) was enlarged also.

Ultrasonography is a useful tool to assess the deg-
ree of extraocular muscle thickening, which indicates
the need for very careful monitoring of eye movements.

In patients with Graves’ ophthalmopathy, a statis-
tically significant decrease in the amplitude of upward
(34.22+0.66°, p<0.001) and lateral movements
(45.44+0.83°, p<0.001), reflecting the impairment of
inferior and medial rectus, was observed. The distur-
bances of upward movement (less than 30°) were
present in 34 (62.96%) eyes, lateral movement (from
30to0 50°)—in42 (77.78%) eyes (Table 2). Limitation
of inward and downward movements also was noted.
Limitation to the medial side (less than 30°) was
present in 39 (72.2%) eyes and to the inferior side
(30 to 50°) —in 10 (37.04%) eyes.

Discussion

In Graves’ ophthalmopathy, the inflammatory cells
are present within the orbital tissues and surrounding
extraocular muscles (6—11). Graves’ ophthalmopathy
represents frequent inflammatory state of the orbital

Table 1. The thickness of extraocular muscles in patients with Graves’ ophthalmopathy

The thickness of extraocular muscle
Rectus muscle <5.0 mm 5.0-5.9 mm 6.0-6.9 mm >6.9 mm
eyes, n (%) eyes, n (%) eyes, n (%) eyes, n (%)
Inferior 22 (40.74) 18 (33.33) 13 (24.07) —
Medial 13 (24.07) 25 (46.30) 12 (22.22) 4(7.41)
Lateral 22 (40.74) 24 (44.44) 8 (14.81) —
Superior 33 (61.11) 17 (31.48) 4(7.41) -
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Fig. The thickness of rectus medial muscle in patient with Graves’ ophthalmopathy

Table 2. Disturbances of movements in patients with Graves’ ophthalmopathy

The amplitude of ocular movements
Movement <30° 30-50° >50°
eyes, n (%) eyes, n (%) eyes, n (%)
Upward 34 (62.96) 20 (37.04) -
Outward 23.7) 42 (77.78) 10 (18.52)
Inward 2(3.7) 39 (72.22) 13 (24.08)
Downward - 21 (38.89) 33 (61.11)

tissues and extraocular muscles. The disturbances in
eye movements may be with or without diplopia (1,
3, 12, 13). Diplopia is caused by external eye muscle
dysfunction, either due to the presence of lymphocytic
infiltration and edematous swelling in active Graves’
ophthalmopathy or fibrosis in inactive disease of the
muscles. Marked swelling of the extraocular muscles
may be demonstrated by ultrasonography, computed
tomography, and magnetic resonanceimaging (12—16).
The enlarged extraocular muscles can be detected by
A-scan or B-scan ultrasonography or by computerized
tomography and magnetic resonance imaging (14—16).

The examination showed a significant increase of
proptosis, periorbital edema, chemosis and injection
of conjunctiva.

We have found the swelling of extraocular muscles,
especially of medial and inferior rectus muscles in
patients with Graves’ ophthalmopathy. Ultrasound
alone or in combination with clinical or laboratory
parameters, however, is not sufficient and often mis-

leading in the assessment of extraocular muscle dia-
meter and thickness (12). The most common abnor-
mality of extraocular motility in Graves’ ophthalmo-
pathy in our study was the limitation of upward and
lateral gaze. It may be due to fibrosis of the inferior
and medial rectus muscles, which often results in dip-
lopia on upward and lateral gaze.

Conclusions

1. Ocular examination showed an increase of prop-
tosis, periorbital edema, chemosis and injection of
conjunctiva.

2. The results of ultrasound examination showed a
marked increase in the volume of the medial and inferior
rectus muscle in patients with Graves’ ophthalmopathy.

3. In patients with Graves’ ophthalmopathy, the
changes in ocular motility (especially upward and
lateral gaze) were detected.

4. These findings showed the impairment of the
inferior and medial rectus muscles.
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Serganciyjy Greivso oftalmopatija akiy pakitimy, iSoriniy akiy raumeny storio
ir akiy judesiy tyrimai

Jiraté Jankauskiené, Daiva Imbrasiené'
Kauno medicinos universiteto Akiy ligy klinika, ' Biomedicininiy tyrimy, instituto Oftalmologijos laboratorija

Raktazodziai: Greivso oftalmopatija, akiy pakitimai, judesiai, akiy tiesieji raumenys, ultragarsinis tyrimas.

Santrauka. Darbo tikslas. Ivertinti akiy poky¢ius, iSmatuoti iSoriniy akies tiesiyjy raumeny storj ir jvertinti
akiy judesius ligoniams, sergantiems Greivso oftalmopatija.

Tyrimo medziaga ir metodai. IStyréme 27 ligonius (18 motery ir 9 vyrus), sergancius Greivso oftalmopatija.
Ju amzius — nuo 17 iki 59 mety; amziaus vidurkis — 42,7+2,9 mety. Kontroling grupe sudaré 30 sveiky asmenu,
kuriy amzius —43,6+2,6 mety. Visiems ligoniams atliktas oftalmologinis tyrimas: regéjimo a$trumo jvertinimas,
biomikroskopija ir oftalmoskopija, i§verstakumo ir akiy judesiy tyrimai, ultragarsinis A/B skenavimas.

Rezultatai. Serganc¢iyju Greivso oftalmopatija tyrimai parodé rySkuy iSverstakuma, junginiy paburkima (59,26
proc.) ir paraudima (48,15 proc.), akiduobés audiniy paburkima (66,67 proc.), tiesiyju akies raumeny sustoréjima
(vidinio nuo 5,0 iki 5,9 mm — 46,3 proc., nuo 6,0 iki 6,9 mm— 22,22 proc., apatinio nuo 5,0 iki 5,9 mm — 33,33
proc., nuo 6,0 iki 6,9 mm — 24,07 proc.), akies judesiy sutrikima (i virSy maziau nei 30° — 69,96 proc., | Sona
nuo 30° iki 50° — 77,78 proc.).

Isvados. Akiy tyrimy duomenys rodo rySku iSverstakuma, akiduobés aplinkiniy audiniy paburkima ir
paraudima sergant Greivso oftalmopatija. Ultragarsiniai tyrimai parodé tiesiyjy raumeny sustoréjima (ypac
vidinio ir apatinio). Sergantiesiems Greivso oftalmopatija nustatyta akiy judesiu (ypac i vir$y ir Sona) poky¢iu.

Adresas susira$inéti: J. Jankauskiené, KMU Akiu ligy klinika, Eiveniy 2, 50009 Kaunas
El. pastas: j_jankauskiene@yahoo.com
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