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Abstract
Aim of the study: Skin ultrasonography and elastography provide information on superficial tissue anat-
omy and elasticity. Floppy eyelid syndrome is characterized by eyelid hyperlaxity and is associated with 
several ophthalmic and systemic conditions, such as obstructive sleep apnea. This study evaluates the diag-
nostic role of ultrasonography and elastography in floppy eyelid syndrome. Methods: This is a prospective 
case-control study. Patients were recruited from the Oculoplastic Service of the Department of Ophthal-
mology at the University Hospital of Heraklion, Crete, Greece. The diagnosis of floppy eyelid syndrome 
was based on the eversion of the upper eyelid upon unassisted digital traction. Cataract surgery candidates 
without floppy eyelid syndrome were consecutively recruited as controls. Patients with a history of previous 
eyelid pathology or surgery were excluded. Ultrasound examination was performed using high-frequency 
linear probes (GE E9) for B-mode imaging and shear wave and strain elastography. Upper airway mea-
surements included tongue thickness and upper airway length. Clinical and demographic findings were 
recorded. Results: Twenty-eight patients were included (14 with floppy eyelid syndrome, 14 controls). Or-
bicularis muscle elasticity in kPa was significantly higher in the floppy eyelid syndrome group, compared 
with controls (independent samples t-test score 2.64, p = 0.04). Tongue thickness and upper airway length 
were also significantly correlated with several eyelid B-mode and elastography parameters in patients with 
floppy eyelid syndrome, including subcutaneous fat and orbicularis muscle thickness and elasticity. Con-
clusions: Findings from this feasibility study imply that ultrasound and elastography parameters may be 
used in the evaluation of floppy eyelid syndrome and support an association between eyelid elasticity and 
upper airway anatomical parameters in this condition.
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Introduction

Floppy eyelid syndrome (FES) is characterized by eyelid hyperlaxity, 
and was initially described by Culbertson and Ostler in 1981(1) as 
the spontaneous eversion of the upper eyelids(1–3). Histopathological 
studies have revealed a significant decrease in elastin content in the 
eyelids of patients with FES(4). Moreover, significant associations be-
tween FES and systemic conditions, such as obstructive sleep apnea 
(OSA), obesity, connective tissue disorders, and Down syndrome, 
have been reported(5,6).

High-frequency ultrasound imaging of the skin (HFUS), with fre-
quencies greater than 15 MHz, allows high-resolution imaging of all 
layers of facial skin(7). In recent years, the technique of ultrasound 
elastography (USE) has also been added to map tissue elasticity, ei-
ther qualitatively (strain elastography, SE)(8) or both qualitatively and 
quantitatively (shear wave elastography, SWE)(9–12). Moreover, upper 
respiratory tract ultrasonography has been used for the diagnosis 
and grading of severity in OSA(13,14). This study investigates the po-
tential role of HFUS and USE as imaging modalities for the upper 
eyelid and upper respiratory tract in FES, and examines clinical and 
demographic correlations.
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Materials and methods

This is a prospective case-control study. Approval from the Ethics 
Review Board of the Medical School of the University of Crete was 
obtained, and the study adhered to the ethical principles outlined in 
the Declaration of Helsinki, as amended in 2013. All patient-iden-
tifying information was removed from figures, and all participants 
signed an informed consent form for participation in the study. 

Patients with bilateral FES were consecutively recruited from the 
Oculoplastic Service of the Department of Ophthalmology at the 
University Hospital of Heraklion. Consecutively examined cataract 
surgery candidates without FES were recruited as controls. Inclu-
sion criteria were adult patients capable of giving informed consent. 
FES diagnosis was based on the unassisted digital eversion of the 
upper eyelid, which then remained everted for up to 6 seconds (FES 
stage 1) or more than 6 seconds (FES stage 2), despite downgaze 
or voluntary contraction of the orbicularis oculi muscle, as previ-
ously described(15). Exclusion criteria were minors, patients who 
had undergone surgical interventions in the examined anatomical 
structures, patients under prostaglandin anti-glaucomatous medica-
tions, contact lens users, and patients with upper respiratory tract 
pathologies or periocular pathologies other than FES. The demo-
graphic and clinical variables recorded included age, gender, weight, 
height, body mass index (BMI), smoking status, and use of positive 
airway pressure (PAP).

HFUS and USE examinations were performed with the ultrasound 
probe placed on the gel-covered preseptal and pretarsal right up-
per eyelid and neck skin, without pressure, using a single US system 
(LOGIQ E9 system, Software Version R5; GE Healthcare, Milwaukee, 
WI), by a single radiologist with 17 years of experience in US elas-
tography (ED), who was blinded to the classification of participants.

For HFUS, a high-frequency (8–18 MHz) linear array “hockey stick” 
transducer and the standard “MSK superficial” setting were used. 
Layers identified from superficial to deep were: 

1. the most superficial hyperechoic epidermis-dermis layer, includ-
ing the sub-epidermal low echogenicity band (SLEB);

2. the inhomogeneous hypodermis subcutaneous layer; 
3. the palpebral part of the orbicularis oculi muscle. 

The segmentation of the respective layers and placement of the ul-
trasound probe over the upper eyelid are presented in Fig. 1. The 
anteroposterior diameter (thickness) of each layer, in mm, was mea-
sured in zoom mode. Parameters recorded included the epidermis-
dermis thickness (EDT), subcutaneous fat thickness (SFT), and or-
bicularis oculi muscle thickness (OOT). 

For SE, a high-frequency linear array transducer (ML6–15, frequen-
cy range 4–15 MHz) and the standard “MSK superficial” setting of 
the manufacturer were used. The compression-relaxation cycles in-
cluded one or two compressions per second, and only circles with 
the correct level of compression were selected by checking the pres-
sure indicator bar on the screen. The elastogram appeared within 
a rectangular region of interest (ROI), including all the soft tissue 
layers of the upper eyelid, displayed side by side with the respective 
B-mode image. Color mapping for each pixel inside the ROI was 
displayed relative to the degree of strain of all the tissues within the 
ROI. Red color represented the softest tissue, while green and blue 
represented the intermediate and hardest components inside the 
ROI, respectively. Tissue-specific parameters included the elasticity 
ratio of the upper eyelid epidermis and dermis relative to subcu-
taneous fat (skin-to-subcutaneous fat ratio, SFR), and the elasticity 
ratio of the orbicularis oculi muscle to subcutaneous fat (orbicularis 
oculi-to-fat ratio, OFR) (Fig. 2). 

SWE was performed using a linear transducer (9L, 2–8 MHz). Us-
ing time-interleaved shear wave tracking, the shear wave velocity 
was measured, and subsequently the Young’s elastic modulus in ki-
lopascals (kPa) was automatically calculated by the system’s built-
in software. A rectangular ROI was placed to include the upper 
eyelid soft tissue. A color-coded SWE value image, superimposed 
on the conventional B-mode image and displayed side by side with 

Fig. 1.  Segmentation of upper eyelid anatomical layers in high-frequency ultrasound imaging of the skin (HFUS). HFUS image of the upper eyelid using a high-
frequency (8–18 MHz) linear array hockey stick transducer and the standard “MSK superficial” setting of the manufacturer, showing the anatomical layers 
of the eyelid soft tissue. The thickness of each layer is measured using the system’s built-in software tool (calipers) as follows: Measurement 1: Thickness of 
the most superficial epidermis-dermis layer thickness (EDT), extending from the skin surface to the subcutaneous layer, including the subepidermal low 
echogenicity band (SLEB). Measurement 2: Thickness of the hyperechoic subcutaneous layer, extending from the deep SLEB to the surface of the underly-
ing muscle (SFT). Measurement 3: Thickness of the palpebral part of the orbicularis oculi muscle, demonstrated as hypoechoic linear muscle fibers (OOT). 
Measurement 4: Thickness of the SLEB, presenting as a thin band of lower echogenicity at the deepest part of the epidermis-dermis layer
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it on screen, was created. Stiff areas (high kPa) were presented as 
red, and soft areas (low kPa) as blue. To avoid misregistration, sev-
eral SWE cycles were performed. The cine loops were reviewed, 
and only the elastograms in which >80% of the ROI was color-
coded and the color pattern remained constant were used to obtain 
the measurements. The measurement of the SWE values was per-
formed using equally sized circular ROIs manually placed on the 
lower eyelid skin, subcutaneous fat, and muscle. Three measure-
ments were obtained for each tissue layer, and the mean elasticity 
value (in kPa) was recorded, including the epidermis-dermis layer 
(ESW), subcutaneous fat tissue layer (FSW), and orbicularis oculi 
muscle layer (OSW) (Fig. 3). 

Ultrasonographic anatomical imaging of the oropharynx was per-
formed according to previously described protocols(13,14). To image 
the base of the tongue, a linear 2–8 MHz transducer was placed 
along the coronal and sagittal planes. On the coronal plane, the 
transducer was tilted slightly posteriorly and cephalad to iden-
tify the base of the tongue, including, from superficial to deep: a) 
the acoustic shadow of the hyoid bone; b) the heterogenous hy-
poechoic muscle fiber complex consisting of the intrinsic muscle 
fibers and the extrinsic genioglossus muscle; and c) the echogenic 
mucosal layer. On this plane (coronal plane), tongue thickness 
(TT) was measured as the anteroposterior diameter between the 
echogenic mucosa and the shadow of the hyoid. Subsequently, the 
transducer was rotated into the longitudinal plane at the midline 
of the neck to obtain a sagittal image of the base of the tongue, 
in which the same layers could be identified(14), including, from 
superficial to deep: (a) the deepest geniohyoid muscle running be-
tween the shadow of the hyoid and the mandible; (b) the fan-like 
genioglossus muscle; (c) the intrinsic muscle deep to the mucosa; 
and (d) the echogenic mucosa. On this plane (sagittal plane), the 
upper airway length (UAL) was measured as the anteroposterior 
diameter between the anterior edge of the hyoid bone and the hy-
perechoic line corresponding to the air column at the edge of the 
hard palate(13) (Fig. 4). 

Statistical analysis

All statistical analyses were performed using SPSS version 13.0 
(Chicago, IL, USA). Normality tests (Kolmogorov-Smirnov and 
Shapiro-Wilk tests) were performed for the continuous variables. 
Statistical criteria employed included independent samples t-tests, 
Pearson’s chi-square tests, and Pearson’s bivariate correlation analy-
sis. Non-parametric criteria, such as the Mann-Whitney U test, were 
planned to be employed if variables did not follow a normal distri-
bution. Statistical significance was set at p <0.05. 

Results

Twenty-eight patients (28 eyelids) were included in the study (14 with 
FES and 14 controls). In the FES group, there were 12 males and  
2 females, whereas in the control group there were 9 males and 5 fe-
males (p >0.05, Pearson’s chi-square test). In the FES group, there 
were 9 smokers and 5 non-smokers, whereas in the control group 
there were 7 smokers and 7 non-smokers (p >0.05, Pearson’s chi-
square test). In the FES group, 4 patients reported PAP use, whereas 
the respective number in the control group was 1 patient; the dif-
ference was statistically significant (Pearson’s chi-square test value 
4.38, p = 0.03). Nine (64.28%) of the FES patients were classified as 
stage 1 and 5 (35.71%) as stage 2. The distribution of age, weight, 
height, and BMI was normal (Kolmogorov-Smirnov and Shapiro-
Wilk tests), and differences in age, weight, height, and BMI between 
the FES and control groups were also statistically not significant (in-
dependent samples t-test) (Tab. 1). 

Upper eyelid HFUS and USE measurements for both the FES and 
control groups, along with levels of statistical significance for the re-
spective differences are presented in Tab. 2. All tissue measurement 
parameters for the upper eyelid tested followed a normal distribu-
tion (Kolmogorov-Smirnov and Shapiro-Wilk tests). Concerning 
HFUS measurements, although EDT, SFT, and OOT scores were 

Fig. 2.  Strain elastography (SE) of the upper eyelid. A, B. Epidermis and dermis layer. B-mode image (A) and corresponding elastography image (B), with color 
code showing the elasticity scale. The elasticity ratio of the upper eyelid epidermis and dermis layer relative to the subcutaneous fat (skin-to-subcutaneous 
fat ratio, SFR, A/B) is measured using manually applied ROIs located in the skin (1) and in the fat (2). The respective elasticity values and ratio are auto-
matically calculated and displayed on the screen. C, D. Orbicularis oculi muscle layer. B-mode image (C) and corresponding elastography image (D), with 
color code showing the elasticity scale. The elasticity ratio of the orbicularis oculi muscle layer to subcutaneous fat (orbicularis-to-fat ratio, OFR, A/B) is 
measured using manually applied ROIs located in the muscle (1) and in the fat (2). The respective elasticity values and ratio are automatically calculated 
and displayed on the screen
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Fig. 3.  Shear wave elastography (SWE) of the upper eyelid. A, B. Superficial epidermis-dermis layer. B-mode image (A) and superimposed SWE color coded im-
age showing the elasticity scale (B). Three SWE measurements are performed using circular ROIs manually placed on the imaged area. The quantitative 
assessment of elasticity in kPa (mean value, maximum, minimum, standard deviation) is presented in a superimposed table. C, D. Subcutaneous fat layer. 
B-mode image (C) and superimposed SWE color-coded image showing the elasticity scale (D). Three SWE measurements are performed using circular 
ROIs manually placed on the subcutaneous fat layer. The quantitative assessment of elasticity in kPa (mean value, maximum, minimum, standard devia-
tion) is presented in a superimposed table. E, F. Orbicularis oculi muscle layer. B-mode image (E) and superimposed SWE color-coded image showing the 
elasticity scale (F). Three SWE measurements are performed using circular ROIs manually placed on the orbicularis oculi muscle. The quantitative assess-
ment of elasticity in kPa (mean value, maximum, minimum, standard deviation) is presented in a superimposed table. In all cases, only the mean value 
was used for statistical analysis

Tab. 1.  Descriptive statistics for clinical and demographic parameters (mean ± SD, range) for FES and control groups, with independent samples t-test scores 
and associated levels of statistical significance

Parameter FES
mean ± SD (range)

Controls
mean ± SD (range)

Independent samples
t-test p

Age (years) 65.64 ± 12.9 (40–88) 59.21 ± 14.21 (20–78) 0.41 0.15

Weight (kg) 93.50 ± 25.0 (64–140) 91.00 ± 23.13 (52–135) 0.38 0.69

Height (cm) 1.69 ± 0.08 (1.55–1.87) 1.71 ± 0.12 (1.50–1.87) 0.15 0.53

BMI 32.13 ± 6.71 (25–49.93) 30.63 ± 6.23 (23.11–42.60) 0.48 0.39

FES – floppy eyelid syndrome

D
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Fig. 4.  A. Tongue thickness (TT) measurement as the anteroposterior diameter between the echogenic mucosa (arrow) and the surface of the mylohyoid muscle 
(ML) at the floor of the mouth (dotted line). B. Corresponding placement of the ultrasound probe over the neck area. GH – geniohyoid; TM – intrinsic and 
extrinsic (genioglossus) muscles of the tongue, ML – mylohyoid muscle; F – subcutaneous fat. C. Upper airway length (UAL) measurement as the antero-
posterior diameter between the anterior edge of the hyoid bone (H) and the hyperechoic line corresponding to the air column at the edge of the hard palate 
(arrows) (D) respective placement of the ultrasound probe over the neck area. GH – geniohyoid; TM – intrinsic and extrinsic (genioglossus) muscles of the 
tongue; ML – mylohyoid muscle; F – subcutaneous fat; H – hyoid bone shadow; M – mandible shadow

Tab. 2.  Upper eyelid and submental tissue USE, SE, and SWEI parameter measurements (mean ± SD, range), with associated levels of statistical significance

Parameter FES
mean ± SD (range)

Controls
mean ± SD (range)

Independent samples
t-test p

EDT (mm) 0.11 ± 0.08 (0.06–0.53) 0.09 ± 0.03 (0.06–0.14) 8.66 0.09

SFT (mm) 0.09 ± 0.03 (0.03–0.20) 0.07 ± 0.03 (0.04–0.12) 2.12 0.74

OOT (mm) 0.10 ± 0.03 (0.05–0.14) 0.09 ± 0.04 (0.05–0.18) 3.77 0.14

SFR 1.33 ± 0.85 (0.36–2.70) 1.36 ± 0.83 (0.73–3.38) −0.10 0.91

OFR 1.05 ± 0.33 (0.53–1.75) 1.12 ± 0.40 (0.63–1.83) 0.67 0.34

ESW (kPa) 11.99 ± 13.3 (2.30–61.21) 6.53 ± 4.80 (3.67–22.00) 0.23 0.97

FSW (kPa) 9.82 ± 8.38 (2.50–38.16) 7.09 ± 4.32 (3.58–19.00) 3.65 0.40

OSW (kPa) 10.81 ± 10.15 (3.02–43.57) 5.00 ± 4.19 (1.45–18.60) 2.64 0.04

TT (cm) 4.37 ± 0.99 (2.83–6.05) 4.33 ± 0.86 (3.60–6.10) −0.01 0.98

UAL (cm) 3.95 ± 0.80 (2.81–6.05) 5.57 ± 0.78 (2.72–6.45) −7.68 <0.01

EDT – epidermis-dermis thickness; SFT – subcutaneous fat thickness, OOT – orbicularis oculi thickness; SFR – skin to fat ratio; OFR – orbicularis to fat ratio; 
ESW – epidermal shear wave, FSW – fat shear wave, OSW – orbicularis shear wave; TT – tongue thickness; UAL – upper airway length
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higher in the FES group, only the difference in EDT approached 
statistical significance (independent samples t-test, p = 0.09). Differ-
ences in SFR and OFR between the two groups were not statistically 
significant (independent samples t-test). Regarding SWE measure-
ments, although elasticity values in kPa were higher in the FES group 
compared with controls, differences in ESW and FSW between the 
two groups were not statistically significant. In contrast, OSW scores 
were significantly higher in the FES group compared with the control 
group (independent samples t-test score 2.64, p = 0.04). TT scores 
did not differ significantly between the FES and control groups, 
whereas UAL was significantly shorted in the FES group compared 
with controls (independent samples t-test score −7.68, p <0.01).

Among FES patients, OSW and EDT were significantly higher in pa-
tients reporting PAP use (independent samples t-test scores −2.10, 
p = 0.04, and −1.7, p = 0.04, respectively). Differences in other HFUS 
parameters between PAP users and non-users were not statistically sig-
nificant. Moreover, TT was significantly correlated with SFT and FSW 
(Pearson’s bivariate correlation coefficients 0.594 and 0.376, p = 0.01 
and p = 0.04, respectively) whereas UAL was significantly correlated 
with SFT, OOT, SFR, ESW, FSW, and OSW with Pearson’s bivariate 
correlation coefficients 0.63 (p <0.01), 0.52 (p <0.01), −0.47 (p = 0.01), 
0.40 (p = 0.03), 0.59 (p <0.01), and 0.45 (p = 0.01), respectively. Re-
spective correlations for both TT and UAL in the control group were 
not statistically significant (Pearson’s bivariate correlation coefficient). 

Discussion

Previous studies have employed HFUS to study the eyelid and facial 
skin(16). However, to the best of our knowledge, this is the first study 
to employ HFUS for the examination of FES. Moreover, the use of 
SE and SWE as imaging modalities adds new insights into eyelid 
biomechanics in FES. Indeed, USE has been extensively used to ex-
amine tissue elasticity in several organs and conditions, including 
ocular and periocular tissues(10,17–21). Although the thicknesses of the 
skin, subcutaneous fat, and orbicularis oculi muscles did not differ 
significantly between FES and controls in this study, the elasticity of 
the orbicularis muscle, as measured by SWE, was significantly lower 
in FES, implying a possible role of SWE in the study of FES. Impor-
tantly, the fact that the majority of FES patients were classified as 
early (stage 1) cases implies that SWE may assist in the diagnosis of 
early or subclinical forms of FES. The increased stiffness of the orbi-
cularis oculi muscle in FES is consistent with the fact that elastin is 
markedly decreased in both the tarsus and the pretarsal orbicularis 
of FES patients, implying that elastin is the main culprit in FES(22,23). 
Indeed, previous studies have reported a strong association between 
decreased elastin content and decreased elasticity in tissues(24). 

The lack of a statistically significant association between FES and 
BMI is also in accordance with previous studies, which have report-
ed FES in non-obese persons(25–27). In contrast, there is strong litera-
ture support for the association between FES and OSA(25,28), which is 
also in agreement with findings from this study, since PAP use was 
significantly more common in FES. A potential underlying link be-
tween FES and OSA is supported by fact that, among FES patients, 
OSW and EDT were significantly higher in those reporting PAP use. 
The fact that ultrasonographic examinations are non-invasive, safe, 
quick, and easy to perform implies that they could be used as oph-
thalmic imaging biomarkers for the early detection of OSA. More-
over, the fact that upper respiratory tract ultrasound anatomical 

measurements such as TT and UAL, which are closely linked to the 
diagnosis of OSA(13,14), were significantly correlated with HFUS eye-
lid parameters, including SFT and FSW and SFT, OOT, SFR, ESW, 
FSW, and OSW (for TT and UAL respectively), supports the concept 
that the eyelid and upper respiratory tract tissues share similar prop-
erties and may suffer from similar biomechanical defects. Common 
pathogenetic pathways between FES and OSA have been previously 
described, resulting from hypoxia-derived oxidative stress, includ-
ing abnormalities in elastin fibers associated with increased levels of 
metalloproteinases, leading to changes in tarsal elasticity and laxity 
of the lateral canthal tendons(29). The selection of UAL and TT as 
metrics of upper respiratory tract anatomy was based on the fact 
that they are directly associated with airway volume, rather than tis-
sue volume, such as the volume of the tonsils, which is more likely 
to correlate with BMI than with OSA severity(30).

The small number of cases is a weakness of this study, which could 
have an impact on the robustness of the results. Another limitation 
concerning the upper respiratory tract images is that anatomical 
measurements in the sagittal and coronal planes may be challenging 
to acquire, especially in obese individuals, in whom sonoanatomy is 
less evident unless low frequencies are used (8–9 ΜHz). However, 
the fact that the design of the study was prospective and that all ul-
trasonographic examinations were performed using the same pro-
tocol and ultrasonographic platform, and by the same experienced 
radiologist who was blinded to patient classification, strengthens 
the validity of the findings. Moreover, the fact that several exclu-
sion criteria were applied, including factors that could potentially 
affect ultrasonographic and elastographic outcomes, implies that the 
findings are likely to be directly associated with FES and may be 
added as non-invasive and easy-to-use diagnostic modalities and in 
raising clinical suspicion of concomitant OSA. As this was designed 
as a  feasibility study for the application of ultrasonography in the 
evaluation of FES patients, further studies are needed to validate the 
results and explore the implications in clinical practice. 

Conclusions

High-frequency ultrasonographic imaging, as well as strain and 
shear wave ultrasound elastography, may serve as imaging modali-
ties for studying floppy eyelid syndrome and exploring its associa-
tions with upper airway anatomy, potentially assisting in the diagno-
sis of obstructive sleep apnea.
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