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Abstract
Objectives: The present study was conducted to evaluate the status of tear film ob-
jectively and subjectively in machine carpet weavers.
Methods: In this cross-sectional study, machine-made carpet weavers were com-
pared with the controls who were selected from people working in other parts of the 
factory except for the production. A complete evaluation of ocular health was done 
for all participants. The blink rate, tear deformation Time (TDT), and ocular stain-
ing were evaluated as an objective assessment and the ocular surface disease index 
(OSDI) was used for a subjective assessment of the tear film status. The results were 
compared between the two groups using the SPSS software.
Results: The results of 46 weavers (mean age: 38.43  ±  6.10  years) and 46 con-
trols (mean age: 33.20  ±  8.40  years) were analyzed. The mean of blink rate and 
OSDI score were significantly higher in weavers (Blink rate: 20.67 ± 4.18 blink/min, 
OSDI: 22.59 ± 9.51) in comparison with controls (Blink rate: 14.00 ± 3.30 blink/
min, OSDI: 6.22 ± 4.78, P < .001). The mean TDT value of the weavers was sig-
nificantly lower compared with the controls (10.27 ± 3.01 and 16.58 ± 4.18 s re-
spectively, P <  .001). Ocular surface staining was seen among 60.9% of weavers 
while there was 6.5% in the controls (P < .001). Based on the TDT test and OSDI 
results together, the percentage of dry eye in the weavers was 43.5% and that in the 
non-weavers was 2.2%, which showed that the relationship between weaving and dry 
eyes was statistically significant (P < .001).
Conclusions: The results indicate that increased symptoms and decreased tear stabil-
ity in weavers compared with non-weavers lead to more tear film abnormalities in 
these individuals.
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1  |   INTRODUCTION

The carpet weaving is an important part of the economy of 
Iranian society.1 In recent decades, although handmade car-
pet still has high popularity in global markets, in the domestic 
market, due to its cheaper price, flexibility in size, design, 
and color, machine-made carpet has replaced the handmade 
one.2 Carpet weaving operation is considered as a precise 
task, for the knots are very fine and close together, and color 
identification is very important.3 If one knot loses its density, 
the supervisors must discover the defect during the inspec-
tion.4 High visual accuracy and constant close attention cause 
visual fatigue for weavers.5 Eye fatigue is one of the common 
visual complaints associated with dry eye.6

Dry eye disease (DED) is caused by many internal and ex-
ternal factors that can negatively affect the composition and 
stability of tear film.7 The tear film as the outermost layer of 
the ocular surface is the interface between the eye and the en-
vironment.8 Precorneal tear film stability is critical for ocular 
health, mainly because it nourishes, lubricates, and protects 
the ocular surface.8,9

Occupational and environmental risk factors alter the stabil-
ity of the precorneal tear film and can lead to the drying of the 
ocular surface.10 On the other hand, dry eye symptoms affect 
ocular comfort, health, and quality of life11 and have a negative 
impact on activities of daily living and work productivity.12

Some previous studies determined the relationship be-
tween refractive errors and ocular component values in hand-
made carpet weavers5 and compared refractive errors between 
a group of carpet weavers and a non-weavers group.13 These 
studies concluded that carpet weaving had a strong correlation 
with myopia and ATR astigmatism. Also, refraction in carpet 
weavers had a significant relation to the ocular components.

Dry eye disease can decrease work productivity and have 
a negative impact on daily roles.12,14 So far, no study has been 
done on the tear film of the weavers. This study focuses on 
the tear film, which plays a vital role in maintaining healthy 
visual function. This present study is conducted to evaluate 
tear film changes objectively by using tear deformity time 
test, blink rate, ocular staining, and subjectively by using a 
questionnaire in Kashan machine carpet weavers and finally 
to compare data between carpet weavers and non-weavers 
group. The information obtained from the tear film evalua-
tion was also used to assess the prevalence of dry eye in these 
individuals.

2  |   METHODS

2.1  |  Study design and data collection

This cross-sectional study was conducted at Matini hospi-
tal, Kashan, the northern part of Isfahan province, Iran. Four 

machine-made carpet weaving factories were selected from 
four different parts of the city based on the easy approach 
and willingness of employees. Two groups of the weavers 
and non-weavers were chosen as study groups. The weav-
ers group was chosen from weavers who worked at the pro-
duction department in Kashan machine carpet factories. The 
control group was selected from people who were near to 
the production department but did not have knitting work, 
long-term attention on close work, and close contact with the 
weaving machine. It was also noted that people who are se-
lected as controls do not work with computer displays on a 
daily basis.

The inclusion criteria for subjects were 1 year of work ex-
perience or more, the age of 20-45 years, absence of anterior 
ocular pathology based on slit-lamp examination, no history 
of ocular surgery, no systemic disease that causes dry eye, no 
use of systemic drugs such as antihistamines and anticholin-
ergics, which cause dry eye, no use of medicine for dry eyes 
until now, and no use of contact lenses. Employees who were 
unable to perform tests were excluded from the study.

2.2  |  Ethical approval

Before the examination, written informed consent was ob-
tained from the participants. All the principles of the Helsinki 
declaration were respected in the various stages of this re-
search. The study was approved by the Ethical Committee of 
Iran University of Medical Sciences (approval ID IR.IUMS.
REC.1398.1357).

2.3  |  Examinations

First, initial examinations were performed to consider the in-
clusion criteria. Measurements were taken for all variables in 
the same place. The demographic characteristics and work 
experience of the participants were recorded. When taking 
the history, the number of blinks per minute was measured 
by direct observation using a timer. Subjects were unaware 
of the blink measurements. The ocular surface disease index 
(OSDI) questionnaire was completed by each subject to eval-
uate the subjective ocular symptoms.15,16 The tear deforma-
tion time test (TDT) was performed using the Javal–Schiotz 
keratometer (Haag-Streit AG) for non-invasive tear stabil-
ity evaluation. The vertical mode of the keratometer with a 
2-diopter interval between the red and green catoptric images 
was used. The time between the last blink and the occurrence 
of the mire image distortion was measured by a stopwatch. 
This procedure was repeated for each eye three times in suc-
cession, and the mean value of them was recorded as the 
TDT result.17 To evaluate ocular staining, a single drop of 
unit dose saline is instilled onto a fluorescein strip. The lower 
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lid of each eye is then pulled down and the strip is tapped 
onto the lower tarsal conjunctiva. The staining patterns are 
observed using a slit-lamp.

2.4  |  Definitions and diagnostic criteria

To analyze the OSDI, the score of each subject was calculated 
based on the following formula: OSDI = [(sum of scores for 
all questions answered) × 100]/[(total number of questions 
answered) × 4]. For classification of the intensity of dry eye 
based on the OSDI, a value of 0-12, 13-22, 23-32, and more 
than 33 was considered as normal, mild dry eye, moderate 
dry eye, and severe dry eye, respectively.15,16

According to the Tear Film and Ocular Surface Society 
(TFOS) Dry Eye Workshop (DEWS) II reports for dry eye di-
agnosis, we used TDT for non-invasive assessment of TBUT 
and OSDI questionnaire for subjective evaluation of the dry 
eye.16 A result of OSDI scores ≥ 13 and TDT < 10 s together 
was considered as dry eye. For the scoring of the ocular stain-
ing, the Oxford schema was utilized.18

2.5  |  Statistical analysis

Statistical analysis was performed with SPSS Version 22 
statistic software package. The normality of each of the pa-
rameters' distribution was checked using the Kolmogorov–
Smirnov normality test. Mean and standard deviation for 
the variables were reported. The blink rate, TDT values and 
OSDI scores between groups were compared using an inde-
pendent t-test. The χ2 test was used to analyze differences 
among the groups concerning fluorescein staining and dry 
eye disease. Analysis of covariance (ANCOVA) was used 
to adjust for the selected covariate (age and working hours) 
to control for potentially confounding factors. The Pearson 
correlation was used to investigate relationships. A P-value 
of <.05 is statically significant.

3  |   RESULT

The study was done on 46 carpet weavers and 46 non-
weavers. The mean age of the weavers and non-weavers was 
38.43 ± 6.109 (rang: 25-45) and 33.20 ± 8.403 (rang: 20-45) 
years, respectively (P = .001). All the study participants were 
males because all machine-made carpet weavers in Kashan 
are male. As the information about the two eyes was corre-
lated, the data of one eye (the eye with poorer tear test values) 
were selected for the analysis (P < .001).

Table 1 presents the mean TDT, OSDI scores, and blink 
rate. The mean TDT value of the weavers was signifi-
cantly lower compared with the controls (10.27 ± 3.01 and 

16.58 ± 4.18 s respectively, P < .001). The mean blink rate 
was significantly higher in weavers (20.67  ±  4.18  blink/
min) in comparison with controls (14.00 ± 3.30 blink/min, 
P < .001).

The mean OSDI was 22.59  ±  9.51 in weavers and 
6.22 ± 4.78 in the control group (P < .001). The severity of 
dry eye in both groups based on OSDI results is presented in 
Figure 1. Severe OSDI disorder was significantly higher in 
weavers.

According to Table 2, staining of the ocular surface was 
seen among 60.9% of weavers while there was 6.5% in the 
control group. Weavers showed more ocular staining. When a 
Chi-square test was done, the difference between groups was 
found to be statistically significant (χ2 = 23.192; P < .001).

The effect of age, working time and working experience 
(with a criterion of at least 1  year of work experience) as 

T A B L E  1   Mean and SD of TDT, OSDI, and blink rate in both 
groups

Variables
Case (n = 46), 
Mean ± SD

Control 
(n = 46), 
Mean ± SD

P-
value

TDT (s) 10.27 ± 3.01 16.58 ± 4.18 <.001

OSDI 22.59 ± 9.51 6.22 ± 4.78 <.001

Blink rate (blink/min) 20.67 ± 4.18 14.00 ± 3.307 <.001

Abbreviations: OSDI, ocular surface disease index, SD, standard deviation; 
TDT, tear deformation time.

F I G U R E  1   The severity of ocular surface disease index disorder 
in both groups
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T A B L E  2   The percentages of different ocular staining grades 
obtained from both studied groups

Weavers 
(n = 46)

Non-weavers 
(n = 46)

Grade 0 39.10% 93.50%

Grade 1 47.80% 6.50%

Grade 2 13.00% 0%
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confounding factors on each of the variables was evaluated. 
These factors had no significant effect on the variables. 
Results after adjustment for confounding factors showed that 
all indices were worse in weavers (P < .001).

To investigate dry eye in both groups, the data obtained 
from the OSDI questionnaire and TDT were assessed. The 
results of the study showed that 43.5% of weavers and 2.2% 
of the non-weavers had dry eyes. This difference was signif-
icant (P < .001).

4  |   DISCUSSION

To the best of our knowledge, this is the first study to attempt 
tear film evaluation in machine-made carpet weavers. This 
study focused on the comparison of tear film between weav-
ers and non-weavers objectively and subjectively. As men-
tioned earlier, the mean OSDI score for the weavers group 
was about four times higher than that in the control group, 
which is a statistically and clinically significant difference. 
Based on the studies performed, the presence of ocular symp-
toms and the ability to accurately quantify them with a vali-
dated questionnaire is an important tool for dry eye detection 
and monitoring its progression.16,19 Considering the results of 
the OSDI questionnaire, it could be stated that the severity of 
dry eye in weavers was higher than that in the control group 
(Figure 1).

Tear film stability assessment ideally requires a non-
invasive methodology that evaluates the temporal changes of 
the tear in an interblink interval in an objective manner.16 For 
this purpose, we used the TDT technique as a non-invasive 
assessment of tear film break-up time.17 The TDT values 
were also worse in weavers which indicated that they have a 
less stable tear film. The difference in TDT results between 
the two groups was statistically significant. The results of the 
TDT strongly supported the results of subjective assessments 
of dry eye, indicating dry eye in a high percentage of weavers.

In this study, the rate of blinking per minute was found 
to be significantly higher in the weavers as compared with 
the control group. A negative correlation was observed be-
tween blink rate and TDT values, such that a higher blink 
rate was associated with decreased tear deformation time. An 
increase in the blink rate may be a compensatory mechanism 
for reduced tear stability.20 Patients with DES can usually 
clear a distorted image temporarily by increasing blinking to 
redistribute the tear film over the ocular surface.21 Therefore, 
blink count testing may be considered a reliable indicator of 
dry eye risk.22

According to the Tear Film and Ocular Surface Society 
(TFOS) Dry Eye Workshop (DEWS) global dry eye defi-
nition, inflammation is a key pathogenic factor in DED.23 
Ocular surface damage due to inflammation can be demon-
strated with the fluorescein staining method.8 The TFOS has 

considered staining as an important aspect in the clinical 
analysis of DED.16,24 The results of the staining in conjunc-
tion with other tests performed in this study indicate that the 
corneal and conjunctival superficial epithelial cells of the 
weaver may be damaged.

Regarding all tear analyses, it can be stated the prevalence 
of dry eye was higher in weavers compared with non-weavers. 
As no study has evaluated tear film in weavers, a comparison 
of the results with similar studies is not possible. The important 
question is, “Why do weavers have abnormal tear film?” One 
possible hypothesis may be high visual demanding and concen-
tration during the weaving process. In this procedure, weavers 
carefully check the color and quality of the carpet and match 
the carpet weaving with the patterned design on the computer 
display of the machine. Several studies have reported that per-
forming tasks that require too much attention and intensive use 
of the eyes such as computer and cognitive work are responsi-
ble for several eye-related symptoms such as pain and tiredness 
in the workplace.9,25,26 It is known that demanding task content 
decreases blinking and induces tear film alterations that result 
in tear film instability.27,28 An elevated blink rate in weavers 
when they are not working and reduced visual demand maybe 
a compensatory mechanism for reduced tear stability.20,29

Another possible reason for tear film abnormalities in 
weavers may be the effect of environmental factors. Several 
external environmental factors have been suggested to impact 
tear film, such as temperature,9 air conditioning, low humid-
ity,30 air pollution,31 and other atmospheric irritants.32 No 
studies have been conducted on the quality of the working 
environment of industrial factories producing machine-made 
carpets, but previous studies have shown poor ventilation and 
lack of fresh air in hand-woven carpet workshops.33 The com-
position of the particles from the wool and synthetic fibers 
released into the atmosphere irritates the ocular surface and 
causes symptoms in textile workers.4,33,34 Also, lighting is 
not sufficient in many hand-made weaving workshops, which 
results in considerable eye strain.3,35 Therefore, the second 
hypothesis to explain tear film abnormality in weavers are 
environmental triggers.

5  |   CONCLUSION

Generally, based on the results of the present study, it can 
be concluded that the abnormalities of the tear film are 
higher in weavers compared with non-weavers. The re-
sult in the weavers group showed significantly increased 
symptoms, blink rate, and ocular staining and decreased 
TDT values. The most important findings in the study were 
the difference in the OSDI score and staining between the 
two groups, indicating more frequent dry eye complaints 
and damage to the ocular surface of machine-made carpet 
weavers. The work environment of the weavers should be 
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improved to decrease dry eye symptoms and to enhance 
ocular surface health. We suggest further studies on the en-
vironmental health status and nature of dry eye in machine-
made carpet factories.
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