
Citation: Liao, X.; Aljufairi, F.M.A.A.;

Lai, K.K.H.; Chan, K.K.W.; Jia, R.;

Chen, W.; Hu, Z.; Wei, Y.; Chu,

W.C.W.; Tham, C.C.Y.; et al. Clinical

Significance of Corneal Striae in

Thyroid Associated Orbitopathy. J.

Clin. Med. 2023, 12, 2284. https://

doi.org/10.3390/jcm12062284

Academic Editors: Andrzej

Grzybowski and Vito Romano

Received: 3 February 2023

Revised: 6 March 2023

Accepted: 14 March 2023

Published: 15 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Clinical Significance of Corneal Striae in Thyroid
Associated Orbitopathy
Xulin Liao 1, Fatema Mohamed Ali Abdulla Aljufairi 1,2, Kenneth Ka Hei Lai 1,3 , Karen Kar Wun Chan 1,4,
Ruofan Jia 5, Wanxue Chen 1 , Zhichao Hu 1, Yingying Wei 5, Winnie Chiu Wing Chu 6 , Clement Chee
Yung Tham 1 , Chi Pui Pang 1 and Kelvin Kam Lung Chong 1,4,*

1 Department of Ophthalmology and Visual Sciences, The Chinese University of Hong Kong,
Hong Kong SAR, China

2 Department of Ophthalmology, Salmaniya Medical Complex, Government Hospitals, Manama 435, Bahrain
3 Department of Ophthalmology, Tung Wah Eastern Hospital, Hong Kong SAR, China
4 Department of Ophthalmology and Visual Sciences, Prince of Wales Hospital, Hong Kong SAR, China
5 Department of Statistics, The Chinese University of Hong Kong, Hong Kong SAR, China
6 Department of Imaging and Interventional Radiology, Faculty of Medicine, The Prince of Wales Hospital,

The Chinese University of Hong Kong, Hong Kong SAR, China
* Correspondence: chongkamlung@cuhk.edu.hk; Tel.: +852-39435859; Fax: +852-27159490

Abstract: Purpose: To elucidate the clinical implications of corneal striae (CS) in thyroid associated
orbitopathy (TAO) patients. Methods: In this cross-sectional study, the presence of CS was con-
firmed after topical fluorescein staining on a slit lamp for consecutive treatment-naive TAO patients.
Orbital parameters, including margin reflex distances, lagophthalmos, exophthalmos, intraocular
pressure and radiological measurements, were compared between eyes with and without CS. The
largest cross-sectional areas of each rectus muscle were measured by segmenting the T1-weighted
(T1W) magnetic resonance images (MRI). The logistic regression analyses were used to evaluate
the associations between CS and orbital parameters and rectus muscle measurements. Results:
Fifty-three consecutive TAO patients (presenting age 46.47 ± 14.73 years, clinical activity score
1.77 ± 1.25) who had unilateral CS were enrolled. In univariate analysis, both the degree of lagoph-
thalmos and the area of the levator palpebrae superioris–superior rectus complex (LPS/SR) on T1W
MRI were significantly larger in CS eyes compared to eyes without CS (p < 0.05). Multivariate
analyses showed that CS in TAO patients were significantly associated with the degree of lagoph-
thalmos (OR = 1.75, 95% CI: 1.18–2.61, p < 0.05) and LPS/SR area (OR = 19.27, 95% CI: 1.43–259.32,
p < 0.05) but not with the other parameters. CS could predict LPS/SR enlargement and larger
lagophthalmos in TAO (p < 0.05). The largest cross-sectional areas of LPS/SR and inferior rectus
were positively correlated with clinical activity scores (p < 0.05). Conclusions: The presence of CS
in TAO eye is significantly associated with LPS/SR enlargement and worse lagophthalmos. CS
might be evaluated further as a potential ocular surface biomarker to identify upper lid and LPS/SR
involvement in TAO.

Keywords: thyroid associated orbitopathy; corneal striae; lagophthalmos; extraocular muscle; levator
palpebrae superioris–superior rectus complex

1. Introduction

Thyroid associated orbitopathy (TAO), also known as thyroid eye disease and Grave’s
orbitopathy [1], is an autoimmune disorder primarily involving orbital soft tissues. Around
80% of cases are associated with hyperthyroidism [2], and the remaining 20% are asso-
ciated with either hypothyroidism, Hashimoto’s disease or even euthyroidism. TAO is
characterized by inflammatory expansion and infiltration of retro-ocular tissues within the
orbits, the expansion of adipose tissues within or around the eye muscles and the increase
in extraocular muscles and orbital fat chondroitin sulphate and hyaluronan deposition

J. Clin. Med. 2023, 12, 2284. https://doi.org/10.3390/jcm12062284 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12062284
https://doi.org/10.3390/jcm12062284
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-9579-2060
https://orcid.org/0000-0003-1148-6280
https://orcid.org/0000-0003-4962-4132
https://orcid.org/0000-0003-4407-6907
https://orcid.org/0000-0003-2587-1323
https://doi.org/10.3390/jcm12062284
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12062284?type=check_update&version=1


J. Clin. Med. 2023, 12, 2284 2 of 10

due to excess production of glycosaminoglycan [3]. TAO is often a biphasic disease, which
typically begins with an active inflammatory stage that lasts for 12–24 months, followed by
a chronic stable fibrotic stage [4,5].

The diagnosis of TAO is essentially based on clinical examinations. The severity of the
disease may range from a mild form, which manifests in eyelid and soft tissue involvement,
to a very severe form, including sight-threatening globe subluxation, exposure keratopa-
thy [6] and dysthyroid optic neuropathy [7]. These complications often occur due to the
delay in diagnosis and treatment. Clinical activity score (CAS) is widely used to grade the
inflammatory activity of TAO; a score of 3 or more is considered as active disease. However,
patients with low CAS who progressed and developed severe TAO were increasingly
reported [8]. Orbital imaging techniques, especially magnetic resonance imaging (MRI),
are found useful in quantifying disease activity and severity [9]. However, these modalities
are costly, time consuming, and high-quality images are not easily available.

Corneal striae were first reported in an oriental female from a UK group [10] and
later by our group in Chinese patients [11]. They are vertical wrinkle-like streaks on the
corneal epithelial layer. They are best observed after topical fluorescence staining under
cobalt blue light using slit-lamp microscopy (Figure 1), which is simple, non-invasive and
widely available in ophthalmology clinics. The clinical implications of corneal striae in TAO
remain understudied. Herein, we compare the eyes of the same individual TAO patients who
presented with unilateral corneal striae, comparing their orbital and radiological parameters.
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Figure 1. Corneal striae were determined during slit-lamp examination after sodium fluorescence
staining. (A) Corneal striae in TAO. (B) Normal cornea in TAO.

2. Methods

This is a cross-sectional study. Only treatment-naive TAO patients with unilateral
corneal striae were analyzed. Patients were consecutively recruited from a TAO cohort
of over 1300 Chinese patients in Hong Kong established from 2012 to 2022. The patients
were recruited from the Chinese University of Hong Kong Eye Centre, the Eye Centre at
the Chinese University of Hong Kong Medical Centre and the Eye Centre at the Prince of
Wales Hospital. This study adhered to the tenets of the Declaration of Helsinki and the
Ethics approvals (KC/KE-10-0218/ER-3, NTEC Ref. 2010.594) obtained from the Chinese
University of Hong Kong. We included patients with clinical diagnoses of TAO presented
to a single oculoplastic surgeon [9,12]. We excluded patients with incomplete clinical or
radiological data.

2.1. Orbital Examination

The orbital examination included margin reflex distance to the upper eyelid (MRD1),
margin reflex distance to the lower eyelid (MRD2), lagophthalmos and clinical activity
score (CAS) [13]. The Hertel exophthalmometer was used to measure the degree of exoph-
thalmos [14]. The Goldmann Applanation Tonometer was used to measure the intraocular
pressure (IOP) in primary and upgaze [15].
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2.2. Magnetic Resonance Imaging

Orbital MRI was arranged for all subjects recruited for this study during their first
visit shortly after the initial orbital and slit-lamp examination was performed. MRI was
performed using either the 3.0 T Siemens scanner (MAGNETOM Prisma, Siemens, Er-
langen, Germany) or the 3.0 T Philips scanner (Achieva TX; Philips Healthcare, Best,
The Netherlands). In the 3.0 T Siemens scanner (MAGNETOM Prisma, Siemens, Er-
langen, Germany), a 64-channel head/neck coil was used. Coronal T1WI pre-contrast
T1-weighted imaging was conducted using the turbo spin echo (TSE) technique at the
coronal plane: repetition time (TR)/echo time (TE) = 585/16 ms; acceleration factor for
phase encoding (Accel. factor PE) = 3; voxel size = 0.2 × 0.2 mm; matrix = 384 × 307;
slice thickness = 3.0 mm; slice number = 26; flip angle = 130◦; number of averages = 3.
Meanwhile, in the 3.0 T Philips scanner (Achieva TX; Philips Healthcare, Best, the Nether-
lands), 16-channel Philips neurovascular phased-array coils were used. Coronal T1WI
pre-contrast T1-weighted imaging was conducted using the turbo spin echo (TSE) tech-
nique at the coronal plane: repetition time (TR)/echo time (TE) = 642/13 ms; TSE factor = 4;
slice thickness/gap = 3.0 mm/0.3 mm; slice number = 26; voxel size = 0.3 × 0.3 mm;
matrix = 300 × 239; flip angle = 90◦; NSA = 1. The type of MRI machine used was largely
based on the availability at the MRI center. The patients were instructed to close their eyes
and remain motionless during scanning, after stabilizing their heads in a supine position.

T1-weighted (T1W) coronal images were used to measure the cross-sectional area of
individual extraocular muscles, which included medial rectus (MR), inferior rectus (IR), lateral
rectus (LR) and levator palpebrae superioris–superior rectus complex (LPS/SR). This has been
regarded as the best sequence to delineate the orbital muscle anatomy [16]. The coronal section
with the largest cross-sectional area for each muscle belly was chosen for measurement. The
region of interest (ROI) was manually traced around the surface of each extraocular muscle
by a single oculoplastic surgeon who was blinded to the clinical examination findings using
a dedicated workstation (Syngo. Via, Siemens, Erlangan, Germany). Each muscle area was
measured 3 times, and the mean value was taken (Figure 2).

2.3. Statistical Analyses

The data analyses were performed using the IBM SPSS 23.0 (IBM SPSS Inc., Armonk,
NY, USA) and R (The R Project for Statistical Computing, version 4.2.1). Graphs were
generated using GraphPad Prism 8.0.1 (GraphPad Software, La Jolla, CA, USA). Continuous
variables were described using means ± standard deviations. To compare the difference
between two groups, the Chi-square test was used for categorical variables, and the paired
t-test was used for continuous variables. The univariate and multivariate logistic regression
analyses were used to detect the association between corneal striae and measurement
parameters in TAO eyes. The generalized estimating equation was used to correct inter-eye
correlation. The ROC curve was used to analyze the effect of IOP, orbital parameters and
the area of EOM to differentiate between the eyes with or without corneal striae from each
TAO patient. We also applied linear regression analysis to investigate the relationship
between the CAS and the largest cross-sectional area of EOM in TAO patients. Results were
considered statistically significant if the p-value < 0.05.
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Figure 2. The measurement of the largest cross-sectional area of the extraocular muscle on T1-
weighted MR images. (A). Representative T1W orbital MR image. (B1,B2). Segmentation of the
largest LPS/SR image. (C1,C2). Segmentation of the largest medial rectus (MR) image. (D1,D2).
Segmentation of the largest lateral rectus (LR) image. (E1,E2). Segmentation of the largest inferior
rectus (IR) image. Red line represents segmentation of extraocular muscles. LPS/SR, levator palpebrae
superioris–superior rectus complex.
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3. Results

Out of our cohort of 1300 patients with TAO, 53 (4.1%) had unilateral corneal striae,
and 338 (26.0%) had corneal striae present in at least one eye. In our study, we analyzed a
total of 53 TAO patients (106 eyes) with unilateral corneal striae. The mean age at evaluation
was 48.83 ± 14.46 years, the age at TAO onset was 46.47 ± 14.73 years, and the clinical
activity score presented was 1.77 ± 1.25. Among them, 32.1% (17/53) were smokers, and
92.5% (49/53) had Graves’ disease. The demographic characteristics of 53 TAO patients
with unilateral corneal striae are summarized in Table 1. It is noted that TAO-related
corneal striae are vertically oriented.

Table 1. Demographic characteristics of 53 TAO patients with unilateral corneal striae.

Parameters Patients with TAO

Number of patients 53
Number of eyes 106

Number of CS eyes (N%) 53 (50%)
Age (years) 48.83 ± 14.46

Female:Male 36:17
Onset age of TAO (years) 46.47 ± 14.73

Clinical activity score 1.77 ± 1.25
Graves’ disease (N%) 49 (92.5%)

Smoker (N%) 17 (32.1%)
TAO, thyroid associated orbitopathy; CS, corneal striae.

We found that eyes with corneal striae always had more lagophthalmos (0.83 ± 1.10 mm
vs. 0.42 ± 0.69 mm, p = 0.022) and larger LPS/SR cross-sectional area (0.52 ± 0.21 cm2 vs.
0.42 ± 0.21 cm2, p = 0.003) than eyes without corneal striae from the same individual (Table 2).

Table 2. Comparison of measurement results between TAO eyes with and without corneal striae in
53 TAO patients.

TAO with CS TAO without CS p-Value

Number of eyes 53 53
BCVA (Log MAR) 0.13 ± 0.20 0.08 ± 0.18 0.143

IOP Primary (mmHg) 17.15 ± 3.77 16.94 ± 3.34 0.765
IOP Upgaze (mmHg) 25.53 ± 6.37 24.91 ± 6.56 0.704
Orbital parameters

MRD1 (mm) 5.60 ± 1.98 5.15 ± 2.06 0.277
MRD2 (mm) 5.15 ± 1.22 5.11 ± 1.12 0.974

Lagophthalmos (mm) 0.83 ± 1.10 0.42 ± 0.69 0.022
Exophthalmos (mm) 18.84 ± 2.43 18.52 ± 2.77 0.484
Extraocular muscles

LPS/SR (cm2) 0.52 ± 0.21 0.42 ± 0.21 0.003
Medial rectus (cm2) 0.36 ± 0.20 0.33 ± 0.13 0.401
Lateral rectus (cm2) 0.39 ± 0.15 0.41 ± 0.15 0.270
Inferior rectus (cm2) 0.56 ± 0.25 0.54 ± 0.23 0.845

TAO, thyroid associated orbitopathy; CS, corneal striae; BCVA, best corrected visual acuity; IOP, intraocular
pressure; MRD1, margin reflex distance to the upper eyelid; MRD2, margin reflex distance to the lower eyelid;
LPS/SR, levator palpebrae superioris–superior rectus complex.

Using univariate logistic regression, the odds ratio of lagophthalmos was found to be
1.69, and the 95% CI was 1.17 to 2.45, with p = 0.005. The odds ratio of the cross-sectional
area of the LPS/SR was 12.70, and the 95% CI was 1.15 to 140.47, p = 0.038 (Table 3).
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Table 3. Association of corneal striae and measurement parameters in TAO eyes (N = 106).

Univariate Model Multivariate Model *
OR (95% CI) p-Value OR (95% CI) p-Value

IOP Primary (mmHg) 1.02 (0.95, 1.09) 0.645 1.02 (0.94, 1.10) 0.646
IOP Upgaze (mmHg) 1.02 (0.98, 1.05) 0.358 1.02 (0.98, 1.05) 0.360
Orbital parameters

MRD1 (mm) 1.12 (0.98, 1.28) 0.103 1.13 (0.98, 1.32) 0.101
MRD2 (mm) 1.03 (0.85, 1.24) 0.770 1.03 (0.85, 1.25) 0.770

Lagophthalmos (mm) 1.69 (1.17, 2.45) 0.005 1.75 (1.18, 2.61) 0.006
Exophthalmos (mm) 1.05 (0.98, 1.12) 0.172 1.06 (0.98, 1.14) 0.171
Extraocular muscles

LPS/SR (cm2) 12.70 (1.15, 140.47) 0.038 19.27 (1.43, 259.32) 0.026
Medial rectus (cm2) 3.61 (1.00, 12.95) 0.049 5.18 (0.93, 28.94) 0.061
Lateral rectus (cm2) 0.38 (0.08, 1.87) 0.235 0.31 (0.04, 2.16) 0.238
Inferior rectus (cm2) 1.43 (0.53, 3.85) 0.474 1.65 (0.42, 6.47) 0.476

TAO, thyroid associated orbitopathy; IOP, intraocular pressure; MRD1, margin reflex distance to the upper eyelid;
MRD2, margin reflex distance to the lower eyelid; LPS/SR, levator palpebrae superioris–superior rectus complex.
* Multivariate model adjusted for age, sex, Graves’ disease, smoker.

After multivariate logistic regression adjusting for age, sex, Graves’ disease status and
smoking habits, we found that the odds ratio of lagophthalmos was 1.75, and the 95% CI
was 1.18 to 2.61, p = 0.006. This was translated into a 75% increase in the risk of developing
corneal striae for every 1 mm increase in the degree of lagophthalmos. This also means that
among TAO eyes, those with corneal striae had worse lagophthalmos than those without
corneal striae. The odds ratio of the cross-sectional area of the LPS/SR was 19.27, and the
95% CI was 1.43 to 259.32, p = 0.026. This indicated that in eyes with TAO, every 1 mm2

enlargement of the LPS/RS complex was associated with an 18-fold increase in the risk
of presenting corneal striae. This also means that in eyes with TAO, those with corneal
striae had larger LPS/RS cross-sectional areas than those without corneal striae (Table 3).
However, the IOP, MRD, exophthalmos and other EOM enlargements, including the medial
rectus, lateral rectus and inferior rectus, did not show significant differences between eyes
with and without corneal striae.

The results of the ROC curve analysis showed that the corneal striae could be used as a
potential predictive marker for LPS/SR enlargement (area under the ROC
curve (AUC) = 0.666, 95% CI = 0.562–0.769, p = 0.001) and lagophthalmos (AUC = 0.598,
95% CI = 0.503–0.692, p = 0.004) in TAO patients (Figure 3 and Table 4).

Table 4. Receiver operating characteristic (ROC) curve analysis of TAO eyes (N = 106).

AUC 95% CI p-Value

IOP Primary (mmHg) 0.517 0.406–0.628 0.678
IOP Upgaze (mmHg) 0.479 0.367–0.590 0.390
Orbital parameters

MRD1 (mm) 0.560 0.452–0.669 0.089
MRD2 (mm) 0.498 0.392–0.604 0.752

Lagophthalmos (mm) 0.598 0.503–0.692 0.004
Exophthalmos (mm) 0.539 0.429–0.650 0.074
Extraocular muscles

LPS/SR (cm2) 0.666 0.562–0.769 0.001
Medial rectus (cm2) 0.547 0.436–0.658 0.179
Lateral rectus (cm2) 0.562 0.451–0.673 0.305
Inferior rectus (cm2) 0.511 0.400–0.622 0.227

AUC, area under the ROC curve; IOP, intraocular pressure; MRD1, margin reflex distance to the upper eyelid;
MRD2, margin reflex distance to the lower eyelid; LPS/SR, levator palpebrae superioris–superior rectus complex.
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Figure 3. Receiver operating characteristic (ROC) curve analysis showing the area under the curve
(AUC) of the diagnostic confidence for different parameters. IOP, intraocular pressure; MRD1, margin
reflex distance to the upper eyelid; MRD2, margin reflex distance to the lower eyelid; LPS/SR, levator
palpebrae superioris–superior rectus complex.

Linear regression analysis showed that the largest cross-sectional areas of LPS/SR
(r = 0.2566, p = 0.0079) and inferior rectus (r = 0.2026, p = 0.0373) were positively correlated
with the clinical activity score in TAO patients (Figure 4).
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Figure 4. Linear regression analysis of the changes in clinical activity scores and the largest cross-
sectional area of extraocular muscles. (A) LPS/SR; (B) Medial rectus; (C) Lateral rectus; (D) Inferior
rectus) in 53 TAO patients. IOP, intraocular pressure; MRD1, margin reflex distance to the upper
eyelid; MRD2, margin reflex distance to the lower eyelid; LPS/SR, levator palpebrae superioris–
superior rectus complex.
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4. Discussion

Published data on the clinical significance of corneal striae in TAO patients are limited.
We noticed reports of corneal striae in two TAO patients [9,10]. Corneal striae were also
reported in different ophthalmic diseases, such as primary congenital glaucoma [17], kera-
toconus [18], Fuchs’ endothelial corneal dystrophy [19] and post-LASIK corneal striae [20].
However, corneal striae in our study were only presented vertically, different from the post-
LASIK corneal striae with lines resembling fine lattice [20] or Haab’s striae with thickened
parallel cord-like lines [21]. Our study also showed that the TAO eye with corneal striae
was significantly associated with worse lagophthalmos and larger LPS/SR.

Lagophthalmos is the incomplete or defective closure of the eyelids. It is a common
manifestation of TAO due to eyelid retraction and/or exophthalmos. On the other hand, it
can also present in other eye diseases, such as facial nerve paralysis [22], after trauma or
surgery [23]. TAO patients with severe lagophthalmos are prone to increased tear aqueous
evaporation, and thus, evaporative dry eye symptoms.

TAO is an autoimmune-driven orbital disease, which results in the infiltration and
enlargement of extraocular muscles, orbital fat, eyelid and lacrimal glands. MRI is now
increasingly used in TAO to provide an objective evaluation of the inflammatory involve-
ment and/or enlargement of extraocular muscles, lacrimal glands and orbital fat [24]. In
this study, we found that for the same TAO patients, the eyes with corneal striae always
have larger LPS/SR. An increase in LPS/SR area by 1 mm2 increases the risk of corneal
striae by around 18-fold. Our findings indicate that corneal epithelial changes, readily
captured by slit-lamp biomicroscopes, may predict orbital radiological abnormalities, in
this case, an enlarged LPS/SR complex. We speculate that the enlargement of the LPS/SR
results in undue pressure on the cornea, leading to the development of corneal striae.

Previous studies on corneal striae were associated with abnormal intraocular pressure,
especially with low IOP being reported [25,26]. In this study, the IOP (including in primary
and upgaze) was not associated with corneal striae. The physiology and biomechanics of
corneal striae in TAO need further investigation.

There are many disease markers for TAO, such as serum thyroid-stimulating im-
munoglobulin (TSI) [27] and orbital images, including MRI [28]. However, in our study, we
found that corneal striae, which can be easily observed under a slit lamp, are an indicator of
underlying LPS/SR muscle enlargement and upper eyelid involvement. This is useful for
identifying patients with a higher likelihood of severe TAO. The presence of corneal striae
will help triage patients for earlier assessment by oculoplastic surgeons and/or arrange
orbital MR imaging examination for better assessment of disease status.

Our study revealed a positive correlation between the largest cross-sectional area
of LPS/SR and the clinical activity score in patients with TAO. We also observed that
the enlargement of LPS/SR was related to corneal striae, suggesting a potential positive
association between CS and the clinical activity score in TAO patients. Further studies are
needed to confirm whether corneal striae alone or in combination may serve as a potential
disease marker of TAO severity and activity, as well as the biomechanical basis of corneal
striae. Additionally, further research is needed to determine whether CS will disappear
after treatment with decompression surgery, eyelid surgery or lubricating eye drops. There
are logistic merits to evaluating corneal striae under a slit lamp; namely, it is a simple,
non-invasive and readily available technique in eye clinics.

In conclusion, we comprehensively studied a “new” clinical feature in TAO patients, the
corneal striae. Our results showed that corneal striae are vertical and significantly associated
with worse lagophthalmos and larger LPS/SR cross-sectional area. Corneal striae might be
evaluated as a non-invasive biomarker to determine TAO severity and activity.

Author Contributions: Methodology, F.M.A.A.A., K.K.H.L., K.K.W.C. and W.C.W.C.; Software, Z.H.;
Investigation, W.C.; Resources, C.C.Y.T. and C.P.P.; Data curation, R.J. and Y.W.; Writing—original
draft, X.L.; Project administration, K.K.L.C. All authors have read and agreed to the published version
of the manuscript.



J. Clin. Med. 2023, 12, 2284 9 of 10

Funding: This study was supported in part by S.K. Yee Medical Foundation, Hong Kong (Project no.
2191216) and the General Research Fund, Research Grants Council, Hong Kong (Grant no. 14103221).

Institutional Review Board Statement: This study was approved by the Ethics Committee of the
Chinese University of Hong Kong and performed in accordance with the tenets of the Declaration of
Helsinki (KC/KE-10-0218/ER-3, NTEC Ref. 2010.594).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bahn, R.S. Graves’ Ophthalmopathy. N. Engl. J. Med. 2010, 362, 726–738. [CrossRef] [PubMed]
2. Cockerham, K.P.; Chan, S.S. Thyroid Eye Disease. Neurol. Clin. 2010, 28, 729–755. [CrossRef] [PubMed]
3. Lee, A.C.H.; Kahaly, G.J. Pathophysiology of thyroid-associated orbitopathy. Best Pract. Res. Clin. Endocrinol. Metab. 2022, 101620.

[CrossRef] [PubMed]
4. Wang, Y.; Smith, T.J. Current Concepts in the Molecular Pathogenesis of Thyroid-Associated Ophthalmopathy. Investig. Ophthalmol.

Vis. Sci. 2014, 55, 1735–1748. [CrossRef] [PubMed]
5. Fang, S.; Huang, Y.; Wang, S.; Zhang, Y.; Luo, X.; Liu, L.; Zhong, S.; Liu, X.; Li, D.; Liang, R.; et al. IL-17A Exacerbates Fibrosis by

Promoting the Proinflammatory and Profibrotic Function of Orbital Fibroblasts in TAO. J. Clin. Endocrinol. Metab. 2016, 101, 2955–2965.
[CrossRef] [PubMed]

6. Alsuhaibani, A.H.; Nerad, J.A. Thyroid-Associated Orbitopathy. Semin. Plast. Surg. 2007, 21, 065–073. [CrossRef]
7. Ji, X.; Xiao, W.; Ye, H.; Chen, R.; Wu, J.; Mao, Y.; Yang, H. Ultrasonographic measurement of the optic nerve sheath diameter in

dysthyroid optic neuropathy. Eye 2021, 35, 568–574. [CrossRef]
8. Iñiguez-Ariza, N.M.; Sharma, A.; Garrity, J.A.; Stan, M.N. The “Quiet TED”—A Special Subgroup of Thyroid Eye Disease.

Ophthalmic Plast. Reconstr. Surg. 2021, 37, 551–555. [CrossRef]
9. Bartalena, L.; Kahaly, G.J.; Baldeschi, L.; Dayan, C.M.; Eckstein, A.; Marcocci, C.; Marinò, M.; Vaidya, B.; Wiersinga, W.M.;

Ayvaz, G.; et al. The 2021 European Group on Graves’ orbitopathy (EUGOGO) clinical practice guidelines for the medical
management of Graves’ orbitopathy. Eur. J. Endocrinol. 2021, 185, G43–G67. [CrossRef]

10. Kashani, S.; Papadopoulos, R.; Olver, J. Corneal striae in thyroid eye disease. Eye 2007, 21, 869–870. [CrossRef]
11. Lam, C.C.; Chong, K.K. Spontaneous intercalated corneal epithelial folds in thyroid eye disease: A case report. Hong Kong J.

Ophthalmol. 2020, 24, 60–62. [CrossRef]
12. Bartley, G.B.; Gorman, C.A. Diagnostic Criteria for Graves’ Ophthalmopathy. Am. J. Ophthalmol. 1995, 119, 792–795. [CrossRef]

[PubMed]
13. Lee, D.C.; Young, S.M.; Kim, Y.-D.; Woo, K.I. Course of upper eyelid retraction in thyroid eye disease. Br. J. Ophthalmol. 2020,

104, 254–259. [CrossRef]
14. Kozaki, A.; Inoue, R.; Komoto, N.; Maeda, T.; Inoue, Y.; Inoue, T.; Ayaki, M. Proptosis in Dysthyroid Ophthalmopathy: A Case

Series of 10,931 Japanese Cases. Optom. Vis. Sci. 2010, 87, 200–204. [CrossRef]
15. Feizi, S.; Faramarzi, A.; Kheiri, B. Goldmann applanation tonometer versus ocular response analyzer for measuring intraocular

pressure after congenital cataract surgery. Eur. J. Ophthalmol. 2018, 28, 582–589. [CrossRef]
16. Ma, R.; Geng, Y.; Gan, L.; Peng, Z.; Cheng, J.; Guo, J.; Qian, J. Quantitative T1 mapping MRI for the assessment of extraocular

muscle fibrosis in thyroid-associated ophthalmopathy. Endocrine 2022, 75, 456–464. [CrossRef]
17. Tamçelik, N.; Oto, B.B.; Mergen, B.; Kiliçarslan, O.; Gönen, B.; Arici, C. Corneal Endothelial Changes in Patients With Primary

Congenital Glaucoma. J. Glaucoma 2022, 31, 123–128. [CrossRef]
18. Rakhshandadi, T.; Sedaghat, M.-R.; Askarizadeh, F.; Momeni-Moghaddam, H.; Khabazkhoob, M.; Yekta, A.; Narooie-Noori, F.

Refractive characteristics of keratoconus eyes with corneal Vogt’s striae: A contralateral eye study. J. Optom. 2021, 14, 183–188.
[CrossRef]

19. Thuret, G.; Ain, A.; Koizumi, N.; Okumura, N.; Gain, P.; He, Z. Radial Endothelial Striae over 360 Degrees in Fuchs Corneal
Endothelial Dystrophy: New Pathophysiological Findings. Cornea 2021, 40, 1604–1606. [CrossRef] [PubMed]

20. Donnenfeld, E.D.; Perry, H.D.; Doshi, S.J.; Biser, S.A.; Solomon, R. Hyperthermic treatment of post-LASIK corneal striae. J.
Cataract. Refract. Surg. 2004, 30, 620–625. [CrossRef]

21. Mandal, A.K.; Raghavachary, C.; Peguda, H.K. Haab’s Striae. Ophthalmology 2017, 124, 11. [CrossRef] [PubMed]
22. Tao, J.P.; Vemuri, S.; Patel, A.D.; Compton, C.; Nunery, W.R. Lateral Tarsoconjunctival Onlay Flap Lower Eyelid Suspension in

Facial Nerve Paresis. Ophthalmic Plast. Reconstr. Surg. 2014, 30, 342–345. [CrossRef] [PubMed]
23. Pereira, M.V.C.; Glória, A.L.F. Lagophthalmos. Semin. Ophthalmol. 2010, 25, 72–78. [CrossRef] [PubMed]
24. Yu, W.; Zheng, L.; Shuo, Z.; Xingtong, L.; Mengda, J.; Lin, Z.; Ziyang, S.; Huifang, Z. Evaluation of extraocular muscles in patients

with thyroid associated ophthalmopathy using apparent diffusion coefficient measured by magnetic resonance imaging before
and after radiation therapy. Acta Radiol. 2021, 63, 1180–1186. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMra0905750
http://www.ncbi.nlm.nih.gov/pubmed/20181974
http://doi.org/10.1016/j.ncl.2010.03.010
http://www.ncbi.nlm.nih.gov/pubmed/20637998
http://doi.org/10.1016/j.beem.2022.101620
http://www.ncbi.nlm.nih.gov/pubmed/35181241
http://doi.org/10.1167/iovs.14-14002
http://www.ncbi.nlm.nih.gov/pubmed/24651704
http://doi.org/10.1210/jc.2016-1882
http://www.ncbi.nlm.nih.gov/pubmed/27224264
http://doi.org/10.1055/s-2007-967751
http://doi.org/10.1038/s41433-020-0904-2
http://doi.org/10.1097/IOP.0000000000001942
http://doi.org/10.1530/EJE-21-0479
http://doi.org/10.1038/sj.eye.6702740
http://doi.org/10.12809/hkjo-v24n2-274
http://doi.org/10.1016/S0002-9394(14)72787-4
http://www.ncbi.nlm.nih.gov/pubmed/7785696
http://doi.org/10.1136/bjophthalmol-2018-313578
http://doi.org/10.1097/OPX.0b013e3181ce5702
http://doi.org/10.1177/1120672118757429
http://doi.org/10.1007/s12020-021-02873-0
http://doi.org/10.1097/IJG.0000000000001909
http://doi.org/10.1016/j.optom.2020.04.001
http://doi.org/10.1097/ICO.0000000000002666
http://www.ncbi.nlm.nih.gov/pubmed/33591033
http://doi.org/10.1016/j.jcrs.2003.08.019
http://doi.org/10.1016/j.ophtha.2016.07.002
http://www.ncbi.nlm.nih.gov/pubmed/27993263
http://doi.org/10.1097/IOP.0000000000000175
http://www.ncbi.nlm.nih.gov/pubmed/24927029
http://doi.org/10.3109/08820538.2010.488578
http://www.ncbi.nlm.nih.gov/pubmed/20590416
http://doi.org/10.1177/02841851211034042
http://www.ncbi.nlm.nih.gov/pubmed/34338029


J. Clin. Med. 2023, 12, 2284 10 of 10

25. Abualhasan, H.; Mimouni, M.; Safuri, S.; Blumenthal, E.Z. Anterior Corneal Folds Correlate With Low Intraocular Pressure and
May Serve as a Marker for Ocular Hypotony. J. Glaucoma 2019, 28, 178–180. [CrossRef] [PubMed]

26. Birnbaum, F.A.; Mirzania, D.; Swaminathan, S.S.; Davis, A.R.; Perez, V.L.; Herndon, L.W. Risk Factors for Corneal Striae in Eyes
After Glaucoma Surgery. J. Glaucoma 2022, 31, 116–122. [CrossRef]

27. Thia, B.; McGuinness, M.B.; Ebeling, P.R.; Khong, J.J. Diagnostic accuracy of Immulite® TSI immunoassay for thyroid-associated
orbitopathy in patients with recently diagnosed Graves’ hyperthyroidism. Int. Ophthalmol. 2022, 42, 863–870. [CrossRef]

28. Das, T.; Roos, J.C.P.; Patterson, A.J.; Graves, M.J.; Murthy, R. T2-relaxation mapping and fat fraction assessment to objectively
quantify clinical activity in thyroid eye disease: An initial feasibility study. Eye 2019, 33, 235–243. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1097/IJG.0000000000001166
http://www.ncbi.nlm.nih.gov/pubmed/30585939
http://doi.org/10.1097/IJG.0000000000001888
http://doi.org/10.1007/s10792-021-02052-0
http://doi.org/10.1038/s41433-018-0304-z

	Introduction 
	Methods 
	Orbital Examination 
	Magnetic Resonance Imaging 
	Statistical Analyses 

	Results 
	Discussion 
	References

