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BACKGROUND/AIMS
To determine a reference data set for stiffness values of normal lacrimal gland using shear wave elastography and to evaluate the in-
terobserver variability of these measurements. 

MATERIAL and METHODS
A total of 50 participants (bilaterally 100 glands) comprising 25 females and 25 males, aged between 19 and 58 years, were included 
in this prospective study. For each participant, we evaluated both lacrimal glands using grayscale and shear wave elastography, and 
the relationships with sex, age, and body mass index were determined. All lacrimal glands were evaluated by 2 independent observers 
blinded to each other.

RESULTS
The mean stiffness values of lacrimal glands for the 2 observers were 6.17±2.94 kPa and 6.00±3.10 kPa, respectively. In terms of stiffness 
values, there were no significant differences between the left and right lacrimal glands and between sexes (p>.05). Age exhibited a weak 
correlation with stiffness values (r=0.280, p=.005; r=0.284, p=.004). The intraclass correlation coefficient for the interobserver variability of 
the shear wave elastography measurements was 0.948 (95% confidence interval: 0.924-0.965). 

CONCLUSION
The lacrimal gland can be quantitatively evaluated using shear wave elastography. Normal shear wave elastography values for the 
lacrimal gland in the healthy population included in this study were estimated to be 6.17±2.94 kPa. Operator dependency of this method 
is low, and interobserver compliance is high. The standard stiffness values of the normal lacrimal gland obtained using shear wave elas-
tography in this study may be used as reference data to distinguish the healthy tissues from the pathological tissues.
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INTRODUCTION 
The function of the lacrimal gland includes moistening of the cornea by producing tears. As the lacrimal gland contains 
both epithelial and lymphoid tissue, various pathologies are observed. However, the clinical presentation of lacrimal 
gland pathologies is nonspecific, and exophthalmos, palpebral enlargement, or deviation of the eye are common clinical 
findings (1). Inflammatory disease of the lacrimal gland can manifest as acute and chronic dacryoadenitis and as an in-
flammatory pseudotumor (2). Acute dacryoadenitis may be of bacterial or viral origin, is more common in children than in 
adults, and may develop in young people owing to trauma. Chronic dacryoadenitis can develop after an acute infection. 
It has been reported in sarcoidosis, Mikulicz syndrome, sclerosing pseudotumors, thyroid ophthalmopathy, and Wegener 
granulomatosis. In Sjögren syndrome, the lacrimal glands increase in size owing to lymphocytic infiltration of the gland 
tissue. In half of the patients with Sjögren syndrome, the development of connective tissue diseases, such as rheumatoid 
arthritis, systemic lupus erythematosus, scleroderma, or polymyositis, has been reported (3, 4). Additionally, the develop-
ment of various benign or malignant neoplasms has also been documented. 

The clinical history, symptoms, radiological imaging, and histopathological evaluation should be considered in combina-
tion for the diagnosis and treatment of lacrimal gland lesions (4). Computed tomography (CT) or magnetic resonance 
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imaging (MRI) provides clear information by localizing ambig-
uous clinical features of the lacrimal gland and by aiding the 
precise determination of the extent and nature of the disease 
(1). Although several diseases affecting the lacrimal gland and 
fossa can be diagnosed specifically by adopting imaging meth-
ods, it is often difficult to distinguish each disease individually 
based on imaging features (2). Compared to CT and MRI that 
demonstrate higher sensitivity in a detailed assessment of the 
lacrimal gland, performance of sonography, which is cost-effec-
tive and requires a shorter duration, may be more practical in 
daily clinical practice. Owing to the superficial anatomy of the 
lacrimal gland, ultrasonography (US) can be conducted rea-
sonably with simplicity and efficiency. Nevertheless, US is an 
operator-dependent technique, and intraobserver and interob-
server variabilities remain a typical issue (5). Lacrimal gland US 
is less conducted in clinical practice. The superficial location in 
the superolateral part of the orbit permits the evaluation under 
favorable conditions, as the gland is recognized as a small hy-
poechoic, homogenous area (6). 

Ultrasound elastography is a noninvasive method utilized to 
evaluate the stiffness of soft tissue, and it aids the determination 
of elastic properties of different tissues. Shear wave elastogra-
phy (SWE) is performed to evaluate tissue elasticity in a quan-
titative manner. In recent years, the usage of SWE has gained 
considerable attention owing to the ease of applicability and 
less operator dependence. The elasticity is defined as elasticity 
modulus (or Young’s modulus), measured in kilopascals (kPa), or 
as shear wave velocity, measured in meters per second (m/s). 
For the diagnosis and treatment of a variety of diseases, mea-
surements of tissue elasticity may be performed (7, 8).

Consequently, normal elastic values for the lacrimal gland may 
be an indicator for the diagnosis of inflammatory diseases such 
as Sjögren syndrome, infectious diseases such as dacryoadeni-
tis, and neoplastic diseases such as pleomorphic adenoma (9). 
Various values may be provided by conducting measurements 
using different equipment and techniques (10, 11). Furthermore, 
with respect to age or body mass index (BMI), the reference 
values for the same tissue may differ (12, 13). In the existing lit-
erature, there are studies documenting the reference values 
of different tissues (e.g., thyroid, breast, muscle, tendon, liver, 
spleen, and kidney) using various technologies that use acoustic 
radiation force impulse, strain elastography or SWE techniques 
(14-18). The applicability of SWE in evaluating the lacrimal gland 
remains unclear, mainly owing to the availability of insufficiently 
reported data. To the best of our knowledge, thus far, normal 
2-dimensional (2D)-SWE elasticity values for the lacrimal gland 

in healthy people were recently published in a single study (19). 
As SWE measurements can be used to demonstrate variabilities 
among vendors, the measurement of the elasticity of lacrimal 
glands using devices obtained from different vendors will be 
useful (20). 

The primary aim of our study was to define elasticity values us-
ing SWE for the lacrimal glands in healthy adults and to evalu-
ate the impact of several factors, such as sex, age, BMI, and the 
laterality on SWE measurements. Additionally, the study was 
aimed to evaluate the interobserver variability for SWE mea-
surements.

MATERIAL and METHODS 

Study Design 
This prospective study was approved by a local clinical re-
search ethics committee. Informed consent was obtained from 
all individuals who agreed to participate in the study. A to-
tal of 50 normal healthy adults (age range: 19-58 years; mean 
age: 35.26±10.05 years) who agreed to participate in the study, 
comprising 25 men and 25 women, were included in the study. 
B-mode US followed by SWE was used for investigation of the 
lacrimal gland of all participants. Adults with no lacrimal gland 
pathology, with no medical history, and without inflammatory 
diseases that might influence the lacrimal gland were included 
in the study. Exclusion criteria were as follows: the presence of 
heterogeneous gland parenchyma as per grayscale US evalua-
tion; age <18 years; refusal to adequately cooperate; refusal to 
participate in the study; presence of thyroid ophthalmopathy; 
occurrence of fever during the assessment; presentation of trau-
ma, tumor, and a history of chronic inflammatory disease; usage 
of contact lenses; and a history of lacrimal gland surgery. Of the 
53 normal healthy individuals who agreed to participate in the 
study, a total of 3 patients with heterogeneous gland parenchy-
ma, a history of ocular surgery, and a history of trauma were 
excluded from the study. Demographic data (age, sex, weight, 
and height) were noted. BMIs of all participants were calculat-
ed (kg/m2). For all cases included in the study, images of appre-
ciable quality were obtained and techniques were performed 
appropriately. 

Ultrasonography and Shear Wave Elastography Examination 
SWE measurements were performed on the same day by 2 ra-
diologists possessing 5 and 6 years of elastography experience, 
respectively. Observer 1 performed a B-mode US and used the 
2D-SWE imaging technology to quantify the stiffness values 
(kPa) of all participants consecutively. Immediately after com-
pletion of the first evaluation, observer 2 performed only an 
elastographic assessment of all lacrimal glands. All measure-
ments were obtained using LOGIQ S8 (GE Healthcare Systems, 
Waukesha, WI, USA) with a 9-MHz linear probe. The observ-
ers were blinded to their measurement results. All participants 
were assessed in the supine position, with their heads turned 
to the opposite side. The participants were advised to breathe 
normally with eyes closed. The glands were assessed in longi-
tudinal and transverse scans, but the measurements were per-
formed in the transverse plane (Figure 1). To better evaluate the 
area of the lacrimal glands, the ultrasound focus was adjusted. 
For conducting 2D-SWE evaluation, an adequate quantity of ul-
trasound gel was used, and no pressure was applied on the ex-
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Main Points:

•	 Shear wave elastography (SWE) is a reproducible imag-
ing method for the assessment of lacrimal gland elastici-
ty.

•	 The SWE measurements of the normal lacrimal gland 
may be used as reference data to discern healthy from 
abnormal parenchyma.

•	 In terms of stiffness values, there were no significant dif-
ferences between the left and right lacrimal glands and 
between sexes.



amined tissues. We used the presetting for examination of small 
sections. For obtaining measurements, we used the elasticity 
modulus (Young’s modulus E). As the lacrimal gland is a small, 
lobulated, tear-shaped organ, the middle of the lacrimal gland 
was selected as the region of interest (ROI) to ensure that no 
measurements were acquired from extraglandular structures. 
A 2-mm diameter circular ROI was used, and three valid mea-
surements were obtained (Figure 2) (19). All images were saved 
for further analysis. Participants were divided into 2 subgroups 
according to their ages (<40 and ≥40 years)

Statistical Analysis 
The Statistical Package for the Social Sciences, version 22.0, soft-
ware for Windows (IBM SPSS Corp.; Armonk, NY, USA) was used 
for statistical analyses. The descriptive statistics of the data are 
presented as mean, standard deviation, median, minimum, and 
maximum values. The distribution of variables was analyzed 
using the Kolmogorov-Smirnov test. Owing to the non-normal 
distribution of lacrimal gland stiffness values, the stiffness val-
ues were compared by performing the Mann-Whitney U test. For 
correlation analysis, Spearman’s coefficient (with a 2-tailed test) 
was used. The numerical values obtained by using Spearman’s 
correlation coefficient were evaluated as follows: r of 0-0.19 was 
regarded as very weak, r of 0.2-0.39 was regarded as weak, r of 
0.40-0.59 was regarded as moderate, r of 0.6-0.79 was regarded 
as strong, and r of 0.8-1 was regarded as a very strong correlation. 
α=0.05 was set as the significance level. Interobserver variability 
was evaluated using Bland-Altman plots; the mean difference 
between the 2 observers and the 95% limits of agreement were 
analyzed. Paired t-test was used to determine the absolute val-
ues for interobserver variability. Interobserver variability was also 
evaluated by using the intraclass correlation coefficient (ICC). 
The numerical values obtained by using ICC were evaluated as 
follows: <0.5 indicating poor, 0.5-0.75 indicating moderate, 0.75-
0.90 indicating good, >0.9 indicating excellent agreement (21). A 
P-value <.05 was considered significant.

RESULTS 
Table 1 presents the demographic data of the participants. The 
mean age of the participants was 35.41 (range: 19-58) years. All lac-
rimal glands exhibited normal homogeneous parenchyma with flat 
contours. Pathological sonographic findings suggestive of inflam-
matory diseases were not obtained for any participant. The mean 
stiffness values of lacrimal glands as assessed by the 2 observers 
were estimated to be 6.17± 2.94 kPa and 6.00±3.10 kPa, respectively. 

SWE measurements of the lacrimal gland according to lateral-
ity, sex, and age groups are presented in Table 2. Comparison 
of the SWE parameters revealed no significant differences be-
tween the left and right lacrimal glands between sexes (p>.05). 
For observer 1, the median stiffness values of lacrimal glands for 
participants aged <40 years and those aged ≥40 years were 
6.89 (minimum-maximum values: 1.54-13.50) kPa and 3.79 (mini-
mum-maximum values: 1.56-13.05) kPa, respectively. For observer 
2, the median stiffness values of lacrimal glands for participants 
aged <40 years and those aged ≥40 years were 6.75 (mini-
mum-maximum values: 1.43-12.93) kPa and 4.08 (minimum-max-
imum: 1.51-15.20) kPa, respectively. There was a significant dif-
ference in stiffness measurements between participants aged 
<40 years and those aged above 40 years (observer 1: p=.006; 
observer 2: p=.007). 

In the assessment conducted by both observers, BMI showed 
no significant correlation with parenchyma stiffness (observer 1: 
p=.607; observer 2: p=.570). Age exhibited a weak negative cor-
relation with parenchyma stiffness (observer 1: r= -.280, p=.005; 
observer 2: r= -.284, P=.004) (Figure 3). 

The ICC for the interobserver variability of the SWE measure-
ments was 0.948 (95% confidence interval: 0.924-0.965). Figure 
4 presents Bland-Altman plots of pairs of SWE measurements 
showing the 95% limits of agreement and the median of dif-
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TABLE 1. The Demographic Characteristics of the Participants 

Variables	 Participants (n=50)

Age (years)	 32.5 (min-max: 19-58)

Gender (female/male)	 25/25

Body mass index (kg/m2)	 24.77±3.08 (18.6-30.9)

Data are expressed as mean±standard deviation (for normal distri-
butions) or median (min-max) (for non-normally distribution). Max: 
maximum; min: minimum.

FIGURE 1. Grayscale ultrasound image of the lacrimal gland in the 
axial plane

FIGURE 2. SWE measurements of the lacrimal gland were complet-
ed using a circular ROI that focused on the homogeneous paren-
chyma. The 2D-SWE map (right side) and grayscale image (left 
side) are shown. A total of 3 valid measurements were obtained. 
2D-SWE: 2-dimensional shear wave elastography; ROI: region of 
interest



ferences for interobserver variability. The mean interobserver 
difference of SWE measurements was 0.17. The range of mea-
surement error expressed as 95% limits of agreement was ±1.88. 
There was no significant difference between absolute values of 
SWE measurements (P=.081).

DISCUSSION
In this study, we defined normal values for lacrimal gland stiff-
ness measurements by performing SWE in adult healthy partic-
ipants, and we evaluated the influence of several factors, such 
as sex, age, BMI, and the laterality on SWE-based imaging val-
ues. In terms of SWE measurements, there were no significant 
differences between the left and right lacrimal glands and be-
tween sexes. Age exhibited a weak correlation with stiffness 
values. Additionally, we assessed the interobserver variability 
of SWE measurements, and excellent interobserver reliability 
was demonstrated.

Undoubtedly, the presence of reference values for a measured 
parameter is necessary to discern pathological cases from 

healthy ones via implementation of a diagnostic method. Iden-
tification of reference values is the critical initial process for the 
determination of a diagnostic technique and for the definition 
of values for investigation of several types of diseases. This pi-
lot study represents the first attempt to identify the reference 
values for the lacrimal gland parenchyma in healthy patients. In 
the study reported by Bădărînză et al. (19), in which the authors 
measured the 2D-SWE values of the lacrimal gland using Super-
sonic Imagine Aixplorer Ultimate device in healthy adults, nor-
mal values were found to be 9.47±2.1 (4.8-15.9). In contrast, in the 
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FIGURE 3. Scatterplots showing a weak negative correlation between shear wave elastography measurements and age

TABLE 2. Shear Wave Elastography Measurements of Lacrimal 
Gland According to Laterality, Gender, and Age Groups 

	 Right (n=25)	 Left (n=25)	 p

Observer 1	 6.14 (1.43-13.50) kPa	 6.21 (2.20-10.84) kPa	 .815

Observer 2	 5.24 (1.56-15.20) kPa	 5.86 (1.51-12.30) kPa	 .942

	 Female (n=50)	 Male (n=50)

Observer 1	 6.66 (1.54-13.50) kPa	 5.53 (1.43-11.32) kPa	 .363

Observer 2	 5.76 (1.56-15.20) kPa	 5.34 (1.51-13.05) kPa	 .420

	 Aged <40 years (n=74)	 Aged ≥40 years (n=26)

Observer 1	 6.89 (1.54-13.50) kPa	 3.79 (1.43-12.93) kPa	 .006

Observer 2	 6.75 (1.56-13.05) kPa	 4.08 (1.51-15.20) kPa	 .007

*P<.05 has been considered statistically significant (two-tailed test)

FIGURE 4. Bland-Altman plots of stiffness measurements conduct-
ed and obtained by 2 observers. The difference in stiffness values 
between observers 1 and 2 is plotted against the mean stiffness 
values obtained by 2 observers. The red line represents the mean 
difference of all measurements (n=100), and the green lines repre-
sent 95% Bland-Altman limits of agreement (mean±1.96 SD). SD: 
standard deviation



present study conducted using the LOGIQ S8 (GE Healthcare 
Systems) device, normal 2D-SWE values of the lacrimal gland 
were estimated to be 6.17±2.94 kPa (observer 1) and 6.00±3.10 kPa 
(observer 2). The main differences might be attributable to the 
machines and converters used. It has been reported that shear 
wave velocities exhibit a dependency on excitation frequencies 
and that devices obtained from different vendors may operate 
at different frequencies (7). Moreover, in a phantom study, Shin 
et al. (23) have shown that shear wave velocities are different 
among different ultrasound devices and among different trans-
ducers. Considering that SWE measurements may demonstrate 
significant variabilities among the devices manufactured by 
vendors, the application of different ultrasound devices for the 
conduction of studies may be the most plausible explanation 
for the obtainment of discordant results (20). Thus, additional 
studies are warranted for the establishment of exchangeable 
normal values.

In this study, factors such as sex, laterality, and BMI, that were 
hypothesized to affect parenchymal elasticity, exerted no effect 
on reference SWE values of the lacrimal glands. These results 
were in line with those reported by a previous study (19) and 
showed that the reference values for lacrimal glands could be 
reproducible and might be beneficial for the conduction of fu-
ture studies. 

The age-related alterations of the lacrimal gland comprise im-
proved fat content in epithelial secretory cells and glandular tis-
sue, glandular parenchymal atrophy, and increased interstitial 
connective tissue (22). In our study, a weak negative correlation 
was observed between age and elasticity values. Additionally, 
according to the age groups (<40 years, ≥40 years), the mea-
surement of SWE was found to decrease with the age (P<.05). 
These results are predictable for the lacrimal gland, whose 
age-related atrophy is associated with an increase in the fatty 
component. In a study conducted by Herman et al. (17) involv-
ing adults (aged 21-91 years), normal elasticity values were de-
termined for the salivary glands, thyroid gland, cervical lymph 
nodes, and sternocleidomastoid and masseter muscles, and a 
mild decrease in elasticity was observed with increasing age 
(17). However, in the study reported by Bădărînză et al. (19), a 
statistically significant difference was not found between age 
groups in terms of 2D-SWE measurements. Studies with a wid-
er age range and more participants are warranted for further 
clarification.

Interobserver and intraobserver variabilities are an important 
aspect of radiological evaluations. Additionally, weak repro-
ducibility is one of the traditional limitations in ultrasonographic 
evaluations. There are several studies in the literature docu-
menting applications of SWE for investigation of the liver, thy-
roid, breast, prostate, salivary glands, and cervical lymph nodes, 
and in these studies, limited or negligible limitations were found 
in technical performance and reproducibility in SWE measure-
ments (16, 24-29). In the present study, as evidenced by both the 
ICC and the Bland-Altman analysis, the interobserver agree-
ments were high. This study is the first to evaluate interobserver 
variability in the assessment of lacrimal gland using 2D-SWE, 
and our results showed that 2D-SWE might be a beneficial, non-
invasive diagnostic method with high reproducibility that could 
be useful for the evaluation of lacrimal glands. 

This study has certain limitations. First, one of the most import-
ant limitations of this study is that the study cohort was hetero-
geneous and small. Therefore, the results of this study should be 
verified through studies using a large-sized cohort. Second, the 
lack of available software designed and developed specifically 
for the examination of the lacrimal glands may be considered 
another drawback of the present study. Third, the intraobserver 
variability was not assessed. Future studies that will focus on the 
evaluation of both intra and interobserver variabilities are nec-
essary. Fourth, the lack of histopathological correlation is a lim-
itation of this study. In contrast, a histopathological correlation 
could not be performed because the study population comprised 
normal healthy individuals and because the lacrimal gland biop-
sy was an invasive and challenging procedure. Finally, we were 
unaware of the time between the participant’s last crying and 
US assessment and did not confirm whether this could have any 
impact on 2D-SWE results. To the best of our knowledge, no suf-
ficient information is present in the literature on this issue, and 
comprehensive studies are warranted. Similarly, a lack of control 
of the potential confounders by variables, such as environmental 
conditions (climate, moisture, or the prevailing atmospheric con-
ditions) or age-related dry eye development, might have also ex-
erted effects on the lacrimal gland stiffness (30).

SWE is a reproducible imaging method used for the assessment 
of lacrimal gland elasticity. The SWE measurements of the nor-
mal lacrimal gland may be used as reference data to discern 
healthy parenchyma from abnormal parenchyma. However, fur-
ther studies are necessary to validate its utility before the appli-
cation of this technology in routine clinical cases.
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