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Background and Objectives: Several methods exist to evaluate tear film, the most widely used of 
which is the tear break-up time (TBUT) test. This test is an invasive method that involves the use 
of fluorescein and stimulates the tear reflex. A chief security officer (CSO) company has added a 
feature called non-invasive tear film breakup time (NIBUT) to the new version of its OCT device, 
MS-39, which checks dry eyes without using fluorescein. In this research, the aim is to compare the 
results of these two methods to examine dry eyes.

Methods: The evaluation starts with measuring NIBUT in MS-39. NIBUT is repeated three times 
in each person with an interval of 30 second. We give 30 second to rebuild tears. Then TBUT is 
measured three times with fluorescein using a slit lamp at 30-second intervals. Finally, the average 
is taken from the measurements.

Results: The average results of NIBUT are 10 second and the average results of TBUT are 10 
second and are equal. The distribution of NIBUT and TBUT results by the Kolmogorov-Smirnov 
test is normal. The distribution of TBUT results is lower than NIBUT with the Shapiro-Wilk test; 
That is, both methods have a normal distribution, but the TBUT method shows better findings in 
the field of normal distribution.

Conclusion: The average of both tests is equal to each other. The distribution of findings with both 
methods is normal, therefore no significant difference is observed between the average findings 
with both methods, choosing the appropriate method for tear film is the responsibility of the doctor 
and the patient.
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Introduction

he human tear film has 3 layers, the outer 
layer of which is a lipid, which prevents 
the evaporation of the aqueous layer and 
maintains the thickness of the tear film, 
and its defect causes dry eyes [1]. Dry eye 

is a multifactorial disease related to tears and the ocu-
lar surface, which causes symptoms of eye discomfort, 
visual impairment, and tear film instability with the po-
tential to damage the ocular surface. This problem is as-
sociated with increased osmolarity of the tear film and 
inflammation of the ocular surface [2].

Evaluating tear stability has several methods, one of 
which is the tear break-up time (TBUT) test. A TBUT 
of less than 10 second indicates tear film instability [3]. 
TBUT tests can be evaluated by invasive and non-inva-
sive methods. The most common invasive method is the 
silt-lamp TBUT test [4]. This is done by applying a wet 
fluorescein strip to the bulbar conjunctiva and asking 
the patient to blink several times and then stare straight 
ahead. Using a wide light and a cobalt blue filter, the 
examiner records when he sees a black amoeba-shaped 
spot or more in the corneal tear film. The appearance of 
this black spot shows that the tear film is “broken” [5].

However, fluorescein has a destabilizing effect on the 
tear film and can underestimate the original values (caus-
ing the tear film to break earlier), in addition, it is more 
difficult to perform the TBUT test in some people. Some 
people react more strongly to the entry of any type of 
foreign substance (including fluorescein) and produce 
more intense reflex tears, which causes errors in the re-
sults. Seeing the tear film breaking with the naked eye 
causes a delay in recording the result, and a digital cam-
era can provide a more accurate result. For this reason, 
in recent years, a tendency exists toward non-invasive 
methods to evaluate the tear film in natural conditions 

[3]. One of these non-invasive methods is non-invasive 
tear film breakup time (NIBUT) with the anterior seg-
ment-optical coherence tomography (AS-OCT) MS-39 
device. Advanced analysis of tear film with AS-OCT 
MS-39 is possible according to the chief security offi-
cer (CSO) company via Placido disk technology, called 
NIBUT [6]. Since this feature is newly added to the OCT 
device, it is necessary to check whether the results pro-
vided by this device can be reliable in people who do not 
cooperate to perform the usual TBUT test with the slit 
lamp device, and these two methods can be replaced in 
necessary cases.

Since several different methods evaluate dry eye, each 
with advantages and disadvantages, it is essential to find 
a method that has the most advantages and the least dis-
advantages. Therefore, this study aims to investigate the 
performance of the MS-39 anterior segment OCT device 
in tear film examination compared to the TBUT test with 
a slit lamp. 

Materials and Methods

The data collection method in this study is an observa-
tional clinical test method. The first device used is the 
anterior OCT MS-39 made by the Italian chief security 
officer (CSO) company, the 2019 version of which was 
used in this research. This device uses a Placido screen 
that lights up in red to evaluate the tear film. The work-
ing method of the device is that the device takes a video 
from the tear film to perform the test and records the time 
when the Placido rings collide as the result of the NIBUT 
test. The test is repeated three times with an interval of 
30 second and then the average of the three results is 
taken. We waited 5 minutes to make sure that the tear 
film was restored. Then TBUT test was taken from the 
same eye of the same participant with a slit lamp device 
(Hagg-Streit model). In this way, fluorescein was in-
stilled in the eye conjunctiva using a fluorescein tape. We 

T

 What is “already known” in this topic:

 Nowadays, new technologies have been invented to evaluate the tear film. the conventional methods for this 
purpose are almost invasive and require fluorescien, while new methods do not require that and it is necessary to 
evaluate their efficiency.

 What this article adds:

The new NIBUT method with AS-OCT MS-39 is equal to the conventional TBUT method.
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waited for 3 second. Then the person was asked to blink 
three times and then stare forward behind the slit lamp 
without blinking (the person should not look at the light). 
We looked at the person’s eyes with a cobalt blue filter 
and the time of formation of black spots in the tear film 
was recorded as the result of the TBUT test in seconds. 
Thirty seconds after the end of this stage, the person was 
asked to blink three times and the test was repeated. The 
test was repeated three times. Then the results were aver-
aged. first, the NIBUT method was performed with the 
MS-39 anterior segment OCT device because the TBUT 
method with a slit lamp is invasive and can affect the tear 
film and distort the results of subsequent tests.

The statistical methods in this study included descrip-
tive methods of mean and data dispersion to average the 
results of two tests, analytical methods including paired 
t-tests to compare two methods together, and the distri-
bution matching test of two methods with non-paramet-
ric tests. The statistical population included people aged 
18 to 35 years who were referred to Negah ophthalmol-
ogy hospital in Tehran City, Iran, and had no history of 
laser refractive surgery or disease involving the anterior 
segment. The sampling method in this study is the non-
probability sampling method.

The calculation of the sample size according to Eroglu 
et al.’s article [7] and considering TBUT as the primary 
outcome has been calculated with the paired t method as 
follows: according to the above article and considering 
TAIL equal to 2, and the impact size equal to 0.897; If α 
err prob is considered at 0.05; The non-central parameter 
δ is 3.913, fundamental t is 2.101 and df is 18, which is 
19 eyes according to the calculation of the sample size, 

which is obtained by considering the probability of a 
20% drop out of the sample size of 23 eyes.

The inclusion criteria included people aged 18-35 years 
because this age group has better cooperation. Also, peo-
ple who do not have a history of anterior eye surgery can 
enter the examination because no change was observed 
in the structure of their eyes. Also, people without a his-
tory of eye disease will provide more reliable results.

The exclusion criteria included any pre-test assessment 
that disturbs the stability of the tear film and lack of ap-
propriate cooperation during the test.

Results

In this study, 23 eyes of 23 people were evaluated. The 
participants in this study included 16 women (69%) and 
7 men (31%). The age range of people is 18 to 35 years 
with an average of 4.456±29.30 years.

Average results of NIBUT test in the studied subjects

According to Table 1, the total average results of the 
NIBUT test in participants is 10 s. The maximum amount 
of NIBUT is 17 s and the minimum amount is 4 s, that 
is, the range of changes of this variable is from 4 s to 17 
s (13 s). The average results of the first NIBUT evalua-
tion (NIBUT1) in the studied subjects are 10 s, the aver-
age results of the second NIBUT evaluation (NIBUT2) 
is 10.0261 s, and the average results of the third NIBUT 
evaluation (NIBUT3) is 11 s.

Table 1. Average results of NIBUT test in the studied subjects

RangeMean±SDFactor

4-1710±4NIBUT Mean

3-1910±5NIBUT1

1-1810.0261±5NIBUT2

4-1811±4NIBUT3

Table 2. Average results of TBU test in the studied subjects

RangeMean±SDFactor

4-1710±3NIBUT Mean

3-1910±4TBUT1

1-1810±5TBUT2

4-1811±4TBUT3
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Average results of TBUT test in the studied subjects

According to Table 2, the average results of the TBUT 
test in the participants is 10 s. The maximum amount of 
TBUT is 17 s and the minimum is 4 s, that is, the range 
of changes of this variable is from 4 s to 17 s (13 s). The 
average results of the first evaluation of TBUT (TBUT1) 
in participants are 10.0870 s, the average results of the 
second evaluation of TBUT (TBUT2) in participants are 
10 s, and the average results of the third evaluation of 
TBUT (TBUT3) in participants are also 10 s.

Total distribution of the results of the NIBUT test in 
the studied subjects

According to the Figure 1, the average NIBUT vari-
able in this study is 10s. Its minimum value is 4 and 
its maximum value is 17s, and its standard deviation is 
4s. The distribution histogram of this variable is shown 
(Figure 1). 

Total distribution of the results of the TBUT in the 
studied subjects

According the Figure 2, the average TBUT variable in 
the studied subjects is 10 seconds. Its minimum value is 
4s, its maximum value is 17s, and its standard deviation 
is 3s. The histogram of the distribution of this variable is 
shown (Figure 2).

Comparison of average results of the NIBUT with av-
erage results of TBUT

According to Table 3, The total average of both variables is 
equal to 10 seconds. The average evaluation of the first-time 
NIBUT is equal to 10s and the average evaluation of the first-
time TBUT is equal to 10.0870s. The average evaluation of 
the second-time NIBUT is equal to 10.0261s and the average 
evaluation of the second-time TBUT is equal to 10.0000s. 
The average evaluation of the third time NIBUT is 11s and 
the average evaluation of the third time TBUT is 10 s. 

Comparison of the total distribution of the results of 
NIBUT test with a total distribution of TBUT test

According to Table 4, In the pair of NIBUT1 and 
TBUT1, the P value is equal to 0.002, in the pair of 
NIBUT2 and TBUT2 the P value is <0.001, in the pair of 
NIBUT3 and TBUT3 the P value is <0.001. Paired t-test 
in the case of the NIBUTMEAN and TBUTMEAN pair shows 
the P of these two variables is <0.001

According to Table 5, In the tests of normality compar-
ing NIBUTMEAN and TBUTMEAN with the Kolmogorov-
Smirnov test, the significance level in both variables 
is 0.000. With the Shapiro-Wilk test, the level of sig-
nificance in the NIBUTMEAN variable is 0.097 and in the 
TBUTMEAN variable is zero.

Figure 1. Total distribution of NIBUT test results Figure 2. Total distribution of TBUT results

Table 3. Comparison of average results of NIBUT test with average results of TBUT

PMean±SDNamePair

1.000010.0000±5.0000NIBUT1Pair 1
0.000010.0870±4.0000TBUT1

1.000010.0261±5.0000NIBUT2Pair 2
0.000010.0000±4.0000TBUT2

1.000011.0000±4.0000NIBUT3Pair 3
0.000010.0000±4.0000TBUT3

Abbreviations: TBUT: Tear break-up time; NIBUT: Non-invasive tear film breakup time.

Riazi A, et al. Tear Film Analysis. Func Disabil J. 2022; 5:E56

http://fdj.iums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


2022, Volume 5

5

Discussion

Considering that it is essential to study the compari-
son of different methods of evaluating dry eye and 
since the evaluation of dry eye is done better with the 
"tear break up time" method [8], it is a priority to find 
the best method to evaluate dry eye with this method. 
To evaluate dry eye through the tear film breakup meth-
od, invasive (TBUT) or non-invasive (NIBUT) meth-
ods can be used. In recent years, several non-invasive 
methods have been introduced to evaluate dry eyes. It 
is essential to evaluate the efficiency of these methods 
and compare them with the conventional method. Re-
searchers, such as Petal et al. and Mengher et al. have 
conducted research to show that instilling fluorescein 
in the eye disturbs the stability of the tear film [9] and 
suggest that the accuracy of the TBUT test be reconsid-
ered. Also, many studies have been conducted on the 
efficiency of non-invasive imaging systems compared 
to previous common methods. For example, Savini ex-
amined anterior segment OCT devices [10], and Lo-
morrollio and his colleagues conducted studies on the 
MS-39 AS-OCT device in keratoconic eyes [11]. 

In this study, TBUT as a method that requires the use of 
fluorescein is an invasive method and the NIBUT method 
with AS-OCT MS-39 device is a non-invasive method.

According to the information in the tables in the findings 
and comparing their results, it was determined that the 
total average of NIBUT test results is equal to the total 

average of TBUT test results, and this value is 10 second. 
In addition, the average of the first times of NIBUT eval-
uation, the average of the second time, and the average 
of the third times of NIBUT evaluation were also equal 
to the average of the first times, the second times, and the 
third times of TBUT evaluation, respectively. In check-
ing normality, according to the Shapiro-Wilk analysis, 
the TBUT method has a lower statistic than the NIBUT 
method in terms of normal distribution, and it can be 
said that the distribution of the TBUT method with the 
Shapiro-Wilk test is closer to the normal distribution; 
however, this difference does not exist between the nor-
mal distribution and the Kolmogorov-Smirnov method, 
and the normality statistic for both methods is zero. The 
average of both methods in the research is the same and 
the average of these two methods does not differ signifi-
cantly from each other. In terms of comparing the perfor-
mance of both methods in evaluating tear film, choosing 
the evaluation method with each of the methods is the 
patient's choice and depends on the doctor. If the patient 
does not have a problem with the aggressive conditions 
of the test and does not intend to pay a high price for the 
evaluation, the TBUT method is more suitable, however, 
if the invasiveness of the method causes problems for 
the doctor and the patient, it is better to use the NIBUT 
method. The NIBUT method with the AS-OCT MS-39 
device uses the general principles of the TBUT method 
and differs from the TBUT method only in the case of the 
use of fluorescein, and therefore the similarity of the two 
methods is logical. Of course, it can be concluded from 
this comparison that the use of fluorescein in examining 

Table 4. Comparison of the total distribution of NIBUT test results with a total distribution of TBUT test

PCorrelation CoefficientVariables

0.0020.000NIBUT1-TBUT1Pair 1

0.0000.000NIBUT2-TBUT2Pair 2

0.0000.000NIBUT3-TBUT3Pair 3

0.0000.000NIBUTMEAN-TBUTMEANPair 4

Abbreviations: TBUT: Tear break-up time; NIBUT: Non-invasive tear film breakup time.

Table 5. Normality of variables; calculated by Kolmogorov-Smirnov and Shapiro-Wilk

Shapiro-Wilk Kolmogorov-Smirnov
Test 

Sig.dfStatisticSig.dfStatistic

0.097230.0000.000230.000NIBUTMEAN

0.000230.0000.000230.000TBUTMEAN

Abbreviations: TBUT: Tear break-up time; NIBUT, Non-invasive tear film breakup time.
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tear film does not have a significant effect on the tear film 
and does not affect the results. These results have been 
obtained in similar studies in the past years, for example, 
Cox et al. also measured NIBUT and TBUT using the 
Oculus Keratograph 4 device [12] and fluorescein TBUT 
and concluded that the difference in the average agree-
ment between these two methods is close to zero [13]. 
Similarly, Amaechi and Osunwoke investigated the re-
lationship between invasive and non-invasive methods 
of breaking the tear film (TBUT and NIBUT) in young 
people, and according to their research, no significant dif-
ference was observed between the results of these two 
methods in young people [14]. Of course, Lan et al. com-
pared NIBUT with TBUT using the K5 keratograph, and 
showed that NIBUT values were higher than TBUT val-
ues [15]. This result is contrary to the results of the pres-
ent study. Since the echograph K5 is the first generation 
of this type of device [16]. This discrepancy may be due 
to the lack of proper performance of the K5 echograph 
device in evaluating the tear film. Of course, consider-
ing that the device is very similar to the AS-OCT MS-39 
device in terms of the test rules, it is better to carry out 
research to compare the K5 and AS-OCT MS-39 echo-
graph devices in the future to automatically compare the 
effectiveness of these two devices in NIBUT.

Conclusion

According to the obtained results, it can be concluded 
that the MS-39 device is effective to evaluate NIBUT 
and the results of evaluating tear film with this device are 
consistent with the usual slit lamp TBUT method.

According to the results of this study, the following are 
suggested:

1- In the future, the prevalence of dry eye should be 
compared with both methods, and it is also better to 
compare some other non-invasive methods with the 
non-invasive NIBUT method with the AS-OCT MS-39 
device to make a more accurate assessment of the differ-
ences between the non-invasive methods and the inva-
sive TBUT method.

2- It is suggested to compare these two methods in peo-
ple with corneal surface diseases and severe dry eyes. 
This research was conducted in the age group of 18 to 
35 years, it is better to evaluate the lower and upper age 
groups in the future.

3- It is suggested to conduct studies to compare these 
two methods in people who have undergone refractive or 
ocular surface surgeries to make a more complete com-
parison of the agreement of the results of both methods.

Among the limitations of this study was the produc-
tion of reflex tears after using fluorescein. This evalu-
ation was not performed in people under 18 years old 
and people over 35 years old (so that the average is not 
affected by the age of the prevalence of dry eye) as well 
as due to the prevalence of dry eye in people with a cor-
neal surface disease and people with a history of eye 
surgery, these people were not included in the study so 
that the average results would not be affected by factors 
affecting dry eyes and the sample would follow a normal 
distribution.
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مقاله پژوهشی

ارزیابی عملکرد دستگاه OCT سگمان قدامی MS-39 در بررسی فیلم اشکی و مقایسه ی نتایج آن 
با روش شکست فیلم اشکی با اسلیت لمپ

مقدمه  برای ارزیابی خشکی چشم چندین روش وجود دارد که پرکاربردترین آن ها روش زمان شکست اشک )TBUT( می باشد. این روش 
یک روش تقریبا تهاجمی است که با استفاده از فلوئورسئین همراه است که موجب تحریک رفلکسی اشک می شود و باعث ناراحتی معاینه 
شونده می شود. شرکت ایتالیایی CSO در ورژن جدید دستگاه OCT سگمان قدامی خود به نام MS-39 قابلیتی به نام NIBUT )شکست 
فیلم اشکی غیر تهاجمی( افزوده است، که بدون استفاده از فلوئورسئین و با فیلمبرداری از فیلم اشکی خشکی چشم را بررسی می کند. در 

این پژوهش هدف مقایسه ی نتایج این دو روش برای بررسی خشکی چشم است 
مواد و روش ها ابتدا ارزیابی با اندازه گیری NIBUT در MS-39 آغاز می شود. NIUT در هر فرد با فاصله ی سی ثانیه از هم سه بار تکرار 
می شود . 30 ثانیه برای بازسازی اشک زمان می دهیم . سپس سه بار TBUT با فلوئورسئین و با استفاده از اسلیت لمپ با فواصل 30 ثانیه 

اندازه گیری می شود. سپس میانگین و توزیع یافته ها بررسی می شود. 
یافته ها میانگین نتایج NIBUT برابر 10 ثانیه و میانگین نتایج TBUT برابر 10 ثانیه و با هم برابر است. توزیع نتایج NIBUT و TBUT با 
آزمون کولموگروف-اسمیرنوف نرمال است. توزیع نتایج TBUT نسبت به NIBUT با آزمون شاپیرو-ویلک سیگمای کمتری دارد ؛ یعنی هر 

دو روش توزیع نرمال دارند ولی روش TBUT در زمینه ی توزیع نرمال یافته های بهتری را نشان می دهد. 
نتیجه گیری میانگین هر دو تست برابر یکدیگر است . توزیع یافته ها با هر دو روش نرمال است بنابراین از آنجایی که تفاوت قابل توجهی 

در میانگین یافته ها با هر دو روش وجود ندارد انتخاب روش مناسب برای فیلم اشکی بر عهده ی پزشک و بیمار است .

کلیدواژه ها: 
 NIBUT ،فیلم اشکی

 OCT دستگاه ،TBUT
MS-39، اسلیت لمپ
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