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Abstract: Objective: The effect of radiotherapy on moderate and severe Thyroid associated ophthalmopathy (TAO)
was evaluated by various objective and quantitative indexes including T2 signal intensity ratios of orbital MRI inferior
rectus and ipsilateral temporal muscle (T2SIR), extraocular muscles (EOM) volume, and the degree of exophthalmos
using clinical research with prospective, randomized, double blind, self controlled. Methods: The patients with TAO
who in the moderate and severe active period and had similar double eyes condition in the Outpatient Department
of Ophthalmology of Xiangya No. 2 Hospital of Central South University from 2011.2 to 2014.2 were selected as
objects in this study. The related body check was finished after the research group was built. For the object, one
eye of patient having random radiotherapy was chosen as the experimental eye. The other eye in the same patient
with pseudo radiotherapy (merely known by operator, doctors in department of ophthalmology and patients were
double blind) was selected as the control eye. The radiotherapy plan was made by the operator according to the CT
results. The T2 signal intensity ratios of orbital MRI inferior rectus and ipsilateral temporal muscle (T2SIR), extra-
ocular muscles (EOM) volume, and the exophthalmos degree was compared by MRI check to evaluate the effect
of radiotherapy. Results: The T2 signal intensity ratios of orbital MRI inferior rectus and ipsilateral temporal muscle
(T2SIR), extraocular muscles (EOM) volume, and the exophthalmos degree between both eyes (experimental and
control eyes) had significant differences and these data had statistical significance. Conclusions: The treatment of
radiotherapy is effective for the TAO in the moderate and severe active period.

Keywords: Moderate and severe thyroid associated ophthalmopathy, radiotherapy, T2SIR, EOM volume, exoph-
thalmos degree

Introduction The nosogenesis of TAO is complex: the inflam-
matory response behind eyeballs would lead to

Thyroid associated ophthalmopathy (TAO), also the accumulation of hydrophilic glycosaminogly-

called as Graves’ Orbitopathy (GO) and Thyroid
Eye Disease (TED), is one common disease in
ophthalmology. Generally, its morbidity is big-
gest in adult orbital disease, and its male
female ratio is about 1:5.3 [1]. This disease is
easy to be happed for female, but the clinical
symptom is more serious for male than female.
Overall, TAO is one organ specific autoimmune
diseases that is related to thyroid function but
relatively independent. In adult hyperthyroid-
ism, it is more than 90% of patients have
increase of the extraocular muscles or fat by
the detection of CT or MRI, but merely 20-50%
of patients have obvious clinical manifestation
[2, 3]

cans (GAGs) and/or the increase to fat tissue
behind eyeballs, and then results in the increase
of orbital connective tissue and extraocular
muscles (EOM) volume. Overall, TAO is one dis-
ease with self chronic immune dysfunction and
it is related to the combination of different fac-
tors such as environmental and genetic factors
[2].

The disease course to TAO could divide into
active period and stationary phase. Usually, the
active period would least for 18-24 months and
then the stationary phase would come. During
active period, a great amount of lymphocyte
and macrophage are full of orbital tissues [4, 5],
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Figure 1. Signal strength of the extraocular muscles and ipsilateral temporal muscle.

Figure 2. Reconstruction image of EOM three-dimensional image.

leasing various cellular factors such as interleu-
kin 1 (IL-1), tumor necrosis factor-a (TNF-x),
and interferon-y (IFN-y), and finaly leading accu-
muation of GAGs. During stationary phase,
extraocular muscles fibrosis and atrophy would
lead to the disorder of clinical function.
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The treatment of TAO is one difficulty of orbital
disease and it depends on the definition of TAO
in active or stationary phase. A great number of
researches showed that medical treatment is
effective for the TAO in active period but not
effective for the TAO in stationary phase. The
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Figure 3. Three-dimensional reconstruction image of the left eye’s clinical target volume and its surrounding tissue.
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Figure 4. Histogram of dose distribution and dose-volume value. Yellow: the left
eye lens; Orange: the right eye lens; Green: The target area of left eye; Blue: The
side retrobulbar tissue of right eye.
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evaluation of TAO course
have been developed
from the past decades
[6-8] and Clinical Activity
Score (CAS) was undoubt-
edly the classical one.
Recently, European Gro-
up on Graves’ Orbitopathy
(EUGOGO) divided the
TAO courses into three
periods, namely light
phrase, moderate and
severe phrase, and visual
damage phrase [9]. This
evaluation of TAO cours-
es is beneficial for further
treatment of TAO.

Base on the disadvantag-
es of CAS, various imag-
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Table 1. Total average dose of binocular lens and
the tissue of side retrobulbar tissue for the entire
treatment (cGy)

Lefteye Right Tissue of side ret-
lens  eyelens robulbar tissue

Total average dose 111.5 74.4 563.5

Table 2. Target volume dose included by 100% dose

Irradiation technique Target volume of left eye

Single field conformal irradiation >95%

Table 3. Normal information of patients in the ex-
perimental groups

Male (n=15) Female (n=36)

Number of patients 15 36

Age (years old) 51.13+9.58 51.78+8.87
Course of disease (months) 6.20+2.93 6.25+2.62
CAS (pair) 5+1.13 4.80+1.17
TT3 (ng/ml) 1.02+0.39 1.11+0.38
TT4 (ug/dl) 7.68+2.36 7.77+2.10
TSH (ulU/ml) 1.80+£1.23 1.89+1.42

ing techniques such as type-A ultrasonic, type-
B ultrasonic, computed tomography (CT), and
magnetic resonance imaging (MRI) are used for
auxiliary examination of TAO. However, all these
methods have their advantages and disadvan-
tages. Overall, MRl is the most suitable method
to evaluate the course of TAO [10, 11]. Among
MRItechniques, T2 signal intensity ratio (T2SIR)
is obtained from the ratio of signal strength of
the extraocular muscles and ipsilateral tempo-
ral muscle with the base of T2 weighted imag-
ing. Generally, it is one objective, quantitative
index, and easy to be compared.

The history of radiotherapy on TAO is more than
90 years, but its efficiency still lacked of related
evidences to prove. To date, the retrospective
study on TAO could reflect the efficiency of
radiotherapy by some evidences, but its results
are unreliable due to lacking standard factors.
Some random pseudo control experiment could
reflect that the vertical eye range of radiothera-
py group had improvement compared with con-
trol group [12, 13]. Some random control exper-
iment used TAO patients as research object,
but up to now, merely one study used the eye-
balls of the same one patient as random con-
trol experiment. Undoubtedly, this random con-
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trol experiment could keep the eyes of exper-
imental group and pseudo radiotherapy in
the same hormone and immune environ-
ment. To our knowledge, no work has used
randomized prospective trial to show that
orbital radiotherapy has more effective on
improvement of proptosis, palpebral fissure
width or soft tissue such as eyelid edema
than pseudo radiotherapy [14, 15].

In spite of that radiotherapy has been clini-
cally applied widely, its effect is still in argu-
ment. To give objective and correct evalua-
tion on the effect of radiotherapy on TAO
patients, in this research, the effect of radio-
therapy on moderate and severe TAO was
evaluated by various objective quantitative
indexes including T2 signal intensity ratios of
orbital MRI inferior rectus and ipsilateral
temporal muscle (T2SIR), extraocular mus-
cles (EOM) volume, and the exophthalmos
degree using clinical research with prospec-
tive, randomized, double blind, self con-
trolled. Specially, in this study, both eyes of
patients were in moderate severe active
period, and one eye was treated by radio-
therapy and the other was treated by pseudo
radiotherapy. Thus, both eyes were in close
activity and severity, and in the same hormone
and immune environment.

Methods and materials
Experiment design

The TAO patients whose eyes were in similar
moderate and severe period, and disease
course was less than one year, were selected
as research objects in this study. In the experi-
ment, one eye was treated by radiotherapy and
the other was treated by pseudo radiotherapy
(merely known by operator, and doctor and
patient were double blind). The radiotherapy
plan was made by the operator according to the
CT results. The T2 signal intensity ratios of
orbital MRI inferior rectus and ipsilateral tem-
poral muscle (T2SIR), extraocular muscles
(EOM) volume, and the exophthalmos degree
was compared by MRI check to evaluate the
effect of radiotherapy after one month.

Evaluation index before radiotherapy

Before radiotherapy, the patients’ disease
course, both eyes’ CAS score, triiodothyronine
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Table 4. T2SIR value (%) of experimental and control group before (TT3), thyroxine (TT4), Thyroid

and after radiotherapy

stimulating hormone (TSH),

Groups and condition T2SIR (X£SD)

95% credibility MRI T2SI5 of both eyes, EOM
interval volume of both eyes, exoph-

Experimental group before radiotherapy 257.73+33.93
Experimental group after radiotherapy 191.69+28.82
Control group before radiotherapy 259.61+32.46
Control group before radiotherapy 231.25+33.80

248.18-267.27 thalmos degree of both eyes,
183.58-199.79 were evaluated.

250.48-268.74

ubjects underwent orbital
221.75-240.76 Subjects underwent orbita

Table 5. Decrease of T2SIR value (%) of ex-
perimental and control group before and after
radiotherapy

Group Experimental Control Difference (d)
number (1) group (2)  group (3) (4)=(2)-(3)
01 91 60 31
02 114 52 62
03 69 64 5
04 84 18 66
05 50 26 24
06 73 22 51
o7 63 32 31
08 29 31 -2
09 79 50 29
10 71 19 52
11 89 37 52
12 88 69 19
13 62 21 41
14 65 13 52
15 97 44 53
16 39 6 33
17 90 25 65
18 75 42 33
19 47 11 36
20 51 26 25
21 45 8 37
22 72 13 59
23 82 25 57
24 52 29 23
25 73 2 71
26 78 57 21
27 50 5 45
28 47 28 19
29 106 28 78
30 27 17 10
31 28 12 16
32 61 15 46
33 65 42 23
34 135 90 45
35 44 12 32
2090

MRI position

All patients would have MRI check before enter-
ing the group and after one month of radiother-
apy. The check was finished by Philips Achieva
3.0T magnetic resonance scanner with a stan-
dard head coil. The patient was supine, and this
head is placed in the coil, where the longitudi-
nal axis of coil was in consistent with the
patient’s craniocerebral midsagittal. Then, the
orbital coronal and axial scan were finished
respectively.

Scanning sequence

(1) Fast spin echo T2 weighted imaging with fat
suppression sequence: repetition time, 3000
ms, echo time 80 ms, imaging vision, 200
mmx157 mmx59 mm, slice thickness, 3 mm/2
mm (coronal/transverse), scanning interval,
0.3 mm/0.2 mm (coronal/transverse), scan-
ning number, 18, signal (superposition) aver-
age number 1.

(2) Fast spin echo T1 weighted imaging:
Repetition time, 2000 ms, echo time, 20 ms,
reverse time, 800 ms, imaging vision, 140
mmx164 mmx39 mm, slice thickness 3 mm/2
mm (coronal/transverse), scanning interval of
0.3 mm/0.2 mm (coronal/transverse), scan-
ning number 18, signal (superposition) average
number 1.

Measurement of T2SIR

The signal intensity of the inferior rectus and
the ipsilateral temporalis was measured base
on T2 weighted imaging with fat suppression
sequence, and the ratio of both is SIR (Figure
1).

Measurement of EOM volume
EOM three-dimensional image reconstruction

was finished by using the marching cube meth-
od according to the magnetic resonance image

Int J Clin Exp Med 2015;8(2):2086-2096
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36 80 51 29
37 57 33 24
38 52 45 7

39 78 23 55
40 57 29 28
41 79 16 63
42 15 -1 16
43 44 26 18
44 39 20 19
45 84 29 55
46 92 9 83
47 42 6 36
48 49 5 44
49 46 29 17
50 86 50 36
51 77 25 52

data. And then the volume of four EOM was cal-
culated (Figure 2).

Measurement of the exophthalmos degree

In the TAWI section, the maximum level for eye-
ball and optic nerve showing was selected, and
then one line was drawn between both sides of
the front in the zygomatic arch. After that, the
vertical distance from the corneal apex to bilat-
eral zygomatic arch wires was measured and
this value is the exophthalmos degree.

Method for radiotherapy

Fixing of patients and building of coordinate
system: After loosing neck up, the patient’s
neck and shoulder were fully exposed and he/
she was lying in bed on the central axis of
CT-Sim with standard. Head pillow was fixed on
the bracket slot edge, and put under patient’s
head, making the patient occipital natural fall
in the headrest depression and horizontal
position. And then, his/her head was fixed by
hot plastic mesh memory head membrane. The
laser light coronal was adjusted to get binocular
lateral canthus, and the intersection of cross
section of supraorbital cross and sagittal plane
is point A, and its intersection with coronal
section was left B and right C. One 3 cmx3 cm
non-woven tape was affixed to the head
membrane A, B, C three, noted “+” words with a
pen.And dot markers were attached overlapping
to the A, B, C three points, as the point of
reference, providing the basis for the repeated
positioning. Finally, the patient’s name, pillow
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type marker was recorded in the head film, for
the further check for treatment.

CT image acquisition and set the scan range of
orbital: The working conditions is voltage 130
kV, current 120 mA; the width of the window is
300 mm, windows 60 mm, slice thickness 3
mm, interval 3 mm, axial scanning, image via
the network input radiotherapy treatment
planning system (3D-TPS).

CT image reconstruction: The lens of both eyes,
clinical target volume (CTV) of experimental
eyes, control eye retrobulbar tissue contour,
and three-dimensional images of the clinical
target volume and surrounding tissue was
drawn by 3D-TPS with different colors (Figure
3).

Radiation field design: conformal irradiation
with single field was applied and the planning
target volume (PTV) was based on CTV with
external 3 mm. At setting conditions (radiation
field of bed rotation 70° and support 90° and
radiation field of bed rotation 70° and support
90°) with field size 4 cmx4 cm and wedge plate
adding, the radiation measurement (DT) was
set with 6MV radiation source, 200 cGy every
time, and once per day, 5 times per week. When
the total dose was more than 95%, PTV dosage
is 2000 cGy. The dose distribution curve and
dose volume histogram (DVH) could be obtained
by the calculation by setting a center beam
usingtargetarea (Figure 4). Before radiotherapy,
radiation treatment position was determined
by the simulator, and compared with the
anatomical target position obtained by 3D
treatment planning, finally shooting for
confirmation. The location verification was
fulfilled by the real-time image verification
system (iviewGT system) and the real-time
image verification system in the course of
treatment location verification, and when the
error is greater than or equal to 3 mm, it is need
to be repositioned. The results of DVH showed
the dose distribution statistics, the total
average dose on bilateral lens and the tissue
behind the side ball throughout the treatment
(Table 1), including the target volume with
100% dose (Table 2).

Special treatment: if the patient in treatment
experienced type TAO visual injury, the current
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Table 6. EOM volume (ml) of experimental and control group

before and after radiotherapy

treatment should be terminated
timely and the corticosteroid

Groups and condition EOM volume 95% credibiity ~ therapy should be = applied

(X£SD) interval (methylprednisolone 1000 mg
Experimental group before radiotherapy ~ 4.46+0.62  4.28-4.63 intravenous drip and lasted for
Experimental group after radiotherapy ~ 3.82+0.54  3.67-3.97 three days). If the corticosteroid
Control group before radiotherapy 4.47+0.57 4.30-4.63 the_rapyy cann(.)t. 'mproYe the
Control group before radiotherapy 4.26+0.56 4.10-4.42 patient's condition, orbital de-

Table 7. Decrease of EOM volume (ml) of ex-
perimental and control group before and after
radiotherapy

Group Experimental Control Difference (d)
number (1) group (2) group (3) (4)=(2)3)
01 0.71 -0.03 0.74
02 1.58 0.65 0.93
03 0.43 -0.02 0.45
04 0.98 0.57 0.41
05 0.67 0.28 0.39
06 0.79 0.1 0.69
o7 0.46 -0.02 0.48
08 -0.05 -0.04 -0.01
09 0.73 0.02 0.71
10 0.29 0.01 0.28
11 0.41 0.07 0.34
12 0.49 0.14 0.35
13 0.62 0.28 0.34
14 0.6 0.06 0.54
15 0.52 0.21 0.31
16 0.57 0.06 0.51
17 0.34 0.13 0.21
18 0.74 0.33 0.41
19 1.05 0.11 0.94
20 0.61 0.14 0.47
21 0.56 -0.02 0.58
22 0.7 0.17 0.53
23 0.61 0.13 0.48
24 0.51 0.03 0.48
25 0.72 0.44 0.28
26 0.71 -0.05 0.76
27 0.86 0.15 0.71
28 0.32 0.24 0.08
29 0.76 0.46 0.3
30 0.82 0.48 0.34
31 0.92 0.45 0.47
32 0.67 0.11 0.56
33 0.61 0.08 0.53
34 0.67 0.23 0.44
2092

compression should be carried
out.

Evaluation index of experimental results

T2SIR: During the pathogenesis of TAO, the
order of four rectus involvement was: inferior
rectus, medial rectus, inferior rectus muscle,
and lateral rectus. Because the inferior rectus
muscle is the most commonly affected
extraocular muscle signal intensity, its signal
strength was chosen to compare with the signal
strength of the ipsilateral temporalis. T2SI was
obtained directly from the MRl image processor.
T2SIR was the ratio of above two signals.

EOM volume: EOM three-dimensional recon-
struction image was obtained by using marching
cube method and base on the magnetic
resonance image data.

Measurement of exophthalmos: On the T1WI
cross section, the maximum level eyeball and
nerve optic display were selected and one line
was drawn on both sides of the front zygomatic
arch. Then, the vertical distance from corneal
apex to bilateral zygomatic arch wire was mea-
sured and this value was namely exophthalmos.

Statistical analysis

Data were analyzed using statistical software
SPSS17.0. The comparison of T2SIR, EOM
value, exophthalmos value for both experimen-
tal and control eyes before and after radiother-
apy was finished by using t test (when P<0.05,
the comparison had significant difference).

Results

In this work, totally 51 samples of patients (102
eyes) was included in the experiment and the
information for patients is shown in Table 3.
Among these patients, 33 ones had hyperthy-
roidism, 10 ones have eye symptoms with diag-
nosis of hyperthyroidism, and 2 ones had not
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35 0.43 0.21 0.22
36 1.01 0.48 0.53
37 0.57 0.06 0.51
38 0.66 0.17 0.49
39 0.38 0.09 0.29
40 0.8 0.34 0.46
41 0.96 0.42 0.54
42 0.71 -0.04 0.75
43 0.31 0.33 -0.02
44 0.93 0.55 0.38
45 0.33 0.44 -0.11
46 0.67 0.15 0.52
a7 0.54 0.58 -0.04
48 0.74 0.22 0.52
49 0.63 0.06 0.57
50 0.51 0.05 0.46
51 0.54 0.22 0.32

been diagnosed of hyperthyroidism. To control
hyperthyroidism, among 49 patients, 31 had
taken anti thyroid drugs, 12 had **!| to treat the
disease, while 6 had thyroid resection
operation.

MRI T2SIR values of different groups

The MRI T2SIR values of different groups were
shown in Tables 4 and 5. For the experimental
eyes, the average value of T2SIR was
257.73+33.93%, while after one month of
radiotherapy, the average value of T2SIR
decreased to 191.69+28.82. As for the control
eyes, the average value of T2SIR was close
before and after treatment (257.73+33.93%
and 231.25+33.80).

EOM volume values of different groups

The EOM volume of different eyes was shown in
Tables 6 and 7. The decrease value of EOM vol-
ume of both experimental and control eyes
before and after treatment are overall consis-
tent with the normal distribution and obviously
the decrease value of EOM volume of both
experimental was more than that of control
eyes, suggesting that it had effect for the
radiotherapy.

Measurement of exophthalmos degree from
different groups

The exophthalmos degree from both experi-
mental and control eyes were measured (Tables
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8 and 9). For the experimental eyes, the exoph-
thalmos degree was 18.97+2.79 mm and
17.26+£2.48 mm, respectively before and after
radiotherapy. While for the control eyes, the
corresponding values before and after radio-
therapy was 18.92+2.92 mm and 18.39+2.85
mm, respectively.

Statistical analysis

The T2SIR values, EOM volumes, and exoph-
thalmos degree of experimental and control
eyes before and after radiotherapy have been
checked by normality, and all of these values
followed normal distribution entirely. Thus, all
the values were check by t test using software
SPSS17.0. The t test showed that the P values
of all indexes were less than 0.01, showing that
the difference has statistical significance.
Therefore, it could be considered that the
decrease of T2SIR values, EOM volumes, and
exophthalmos degree of experimental and con-
trol eyes before and after radiotherapy was dif-
ferent. Overall, the decrease of these values in
the experimental eyes was larger than that in
control eyes, indicating that it had efficiency for
the treatment of radiotherapy.

Discussion

The happen of TAO is due to many reasons.
After the activation T lymphocyte caused by
polymorphisms of various genes, a great num-
ber of cytokine are produced, and then lead to
fibrosis of tissue, extraocular muscule hypertro-
phy and lipotrophy of back eyeball. After these,
activation and proliferation of fibroblast hap-
pen and the inflammatory reaction is aggravat-
ed [16]. The treatment of TAO by radiotherapy is
base on the non-specific anti-inflammatory
effect of ray and the hypersensitivity of T lym-
phocytes to ray [17]. As a result, the treatment
by radiotherapy is effective to TAO in active
stage but has not effect to the TAO in stationary
stage.

20 Gy is the most common dose during orbital
radiotherapy. Many studies [18, 19] showed
that more doses for radiotherapy would not
increase the effect of radiotherapy. Thus, the
same dose was applied in this work.

The complication of radiotherapy mainly
includes cataract, radiation retinopathy, and
second tumors. In most studies, no serious
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Table 8. Exophthalmos degree (mm) of experimental and con-

trol group before and after radiotherapy

Groups and condition

EOM volume 95% credibility

complication happens after radio-
therapy. Marquez et al. [20]
reported that 11 years (the medi-
an time) after radiotherapy, 12%

(X+SD) interval f oatients had cat . M ’

- . of patients had cataract. Marcocci
Experimental group before radiothera 18.97+2.79 18.18-19.76

e P . | SIOHR ) dioth by 17964248 16571796 et al. [21] showed that about 10%

xperimental group after radiotherapy . 20612. O7-17. of patients had cataract while 1%

Control group before radiotherapy 18.92+2.92 18.10-19.74 had radiation retinopathy. In this

Control group before radiotherapy 18.39+2.85 17.59-19.20 study, no complication happed

Table 9. Decrease of exophthalmos degree
(mm) of experimental and control group before
and after radiotherapy

Group Experimental  Control Difference (d)
number (1) group (2) group (3)  (4)=(2)-(3)
01 2.0 1.0 1.0
02 3.0 0 3.0
03 1.0 0 1.0
04 0 0.5 -0.5
05 1.5 0 1.5
06 2.0 0.5 1.5
o7 2.0 1.0 1.0
08 0.5 0 0.5
09 2.5 1.0 1.5
10 1.5 0.5 1.0
11 3.0 0 3.0
12 0.5 0 0.5
13 1.5 0.5 1.0
14 3.0 0 3.0
15 0 0.5 -0.5
16 1.0 0 1.0
17 0.5 0.5 0
18 1.0 0 1.5
19 1.5 0 1.5
20 1.5 0 1.5
21 2.0 1.0 1.0
22 0 -0.5 0.5
23 2.0 0.5 1.5
24 4.0 1.0 3.0
25 2.0 0.5 1.5
26 0.5 0.5 0
27 4.0 1.0 3.0
28 3.0 1.5 1.5
29 2.0 1.0 1.0
30 2.0 0.5 1.5
31 1.0 0 1.0
32 2.0 0 2.0
33 2.5 1.5 1.0
34 2.0 0.5 1.5
35 2.0 0 2.0
2094

after radiotherapy. However, it is

still necessary to evaluate the
possibility of complication in a longer period
after treatment.

The efficiency of radiotherapy has been report-
ed in many researches. For example, Donaldson
et al. reported that after treatment of 23
patients with serious TAO by 4-6 MV linear
accelerators, the efficiency of radiotherapy was
about 65% including the effect on the patients
had negative response to systemic steroid
treatment. In another study, Marquez et al. [20]
reported that 89% of patients had soft tissue
improved, 70% of patients had exophthalmos
improved, 85% of patients had extraocular
muscle movement improved, 96% of patients
had keratopathy improved and 67% of patients
had visual impairment improvement after radio-
therapy. Matthiesen et al. [22] found that
84.2% of patients had a better symptom using
NOSPECS as evaluation parameters after radio-
therapy. For the patients with poor response to
hormone or who had taboo, 64% of them had
efficiency in treatment after 20 Gy of radiother-
apy [23]. Overall, in spite that the period of
radiotherapy to TAO was long, but its effect was
relatively stable, and also its effect could be
shown merely after several weeks [24]. On the
other hand, radiotherapy had some arguments
in the treatment of soft tissue involvement,
exophthalmos, eye movement, and optic nerve
involvement [12-14].

Generally speaking, most studies merely used
the clinical symptoms and change of body signs
to evaluate the efficiency of radiotherapy on
TAO, but these studies lacked the objective and
quantitative evaluation index. In this study,
extraocular muscle T2SIR, EOM volume, and
the degree of exophthalmos could be the objec-
tive and quantitative evaluation index and thus
made the experimental result more persua-
sion. In this work, after radiotherapy, the T2SIR
decreased for 66.04+23.73% in the experi-
mental eyes and 28.35+19.08% in the control
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36 2.0 2.0 0

37 0.5 0 0.5
38 25 0.5 2.0
39 0.5 0.5 0

40 1.5 0 1.5
41 0 0.5 -0.5
42 1.0 0 1.0
43 2.0 2.0 0

44 2.0 1.0 1.0
45 25 15 1.0
46 2.0 0 2.0
47 2.0 1.0 1.0
48 3.0 0.5 2.5
49 1.0 0.5 0.5
50 1.0 1.0 0

51 3.0 1.0 2.0

eyes; the EOM volume decreased for 0.64+0.25
ml in the experimental eyes and 0.20+£0.19 ml
in the control eyes; the degree of exophthalmos
decreased for 1.71+0.99 mm in the experimen-
tal eyes and 0.53+0.56 mm in the control eyes.
Interestingly, in the control eyes, the T2SIR,
EOM volume, and the degree of exophthalmos
totally decreased, possibly due to the little dose
of ray irradiation during radiotherapy, also the
natural disease remission could be another
reason. Overall, the P value of three groups are
all less than 0.05, indicating the significant dif-
ference on the T2SIR, EOM volume, and the
degree of exophthalmos before and after radio-
therapy for TAO. Obviously, these three indexes
decreased more quickly on the experimental
eyes than that of control eyes, suggesting that
the radiotherapy had efficiency.

In addition, the effect of radiotherapy on eyelid
retraction and swelling was not included in this
work. In fact, many factors such as apertor
oculi, Miller's muscle, musculi dormitator, and
the influence of patient’s emotion and spirit
status could affect the size of palpebral fissure.
Thus, it is difficult to have a correct observation
on the slight change of the size of palpebral fis-
sure. Usually, the degree of eyelid swelling
includes mild, moderate and severe and this
was decided by human. Thus, for different peo-
ple, the degree of eyelid swelling is various.
Last but not least, the function of radiotherapy
on reducing the course of TAO and preventing
its recurrence is still need to be evaluated.
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After comparison of T2SIR, EOM volume, and
exophthalmos degree of experimental and con-
trol eye in the same patients after one month,
all the patients were treated by intravenous
steroid therapy according the method descried
in the Part of Method and materials. Obviously,
this is necessary in ethics.

In this work, it is shown that all index tested
including T2SIR, EOM volume, and the exoph-
thalmos degree between both experimental
control eyes before and after radiotherapy had
significant differences and these data had sta-
tistical significance. Thus, the treatment of
radiotherapy is effective for the TAO in the mod-
erate and severe active period.
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