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Background: Today, the global annual volume of excimer laser correction (ELC) is
estimated to be 3.6 million procedures. Dry eye syndrome (DES) is a complication of ELC
for myopia, and the frequency of DES at 1 month and 6 months after ELC for myopia has
been reported to be 60% and 20%, respectively.

Purpose: To assess the early and late impact of ELC for myopia on the development of
DES.

Material and Methods: Sixty-eight myopic patients (136 eyes) were prospectively divided
into two groups, group 1 (a Laser-Assisted in Situ Keratomileusis (LASIK) group) and
group 2 (a FemtoLASIK group). Patient age ranged from 20 to 44 years. Patients were
assessed for DES (ocular surface, tear production, and tear film stability) preoperatively
and postoperatively. Patients of group 1 received thin-flap LASIK using the Alcon
Wavelight EX500 excimer laser. A 110-um corneal flap was created by a Carriazo-
Pendular microkeratome in group 1 and by an Alcon FS200 femto laser in group 2. Follow-
up duration was 12 months.

Results: Preoperative function tests showed mild dry eye in some patients of both groups.
At 1 month and 3 months after ELC, the frequency of DES increased in group 1 by 75.5%
and 63%, respectively, and in group 2, by 76.5% and 64.9%, respectively. At 6 months,
the frequency of DES decreased in groups 1 and 2 by 38.7% and 40%, respectively,
compared to the 3-month time point. However, 10% of the patients showing no signs of
DES preoperatively had persistent DES after ELC.

Conclusion: First, the baseline frequency of DES in patients with myopia was 10%.
Second, at 1 month and 3 months after ELC for myopia, the frequency of DES increased by
75.5% and 63%, respectively, in the LASIK group, and by 76.5% and 64.9%, respectively,
in the FemtoLASIK group. In addition, the frequency did not depend on the laser technique.
Third, we noted a gradual decrease in the frequency of DES at late time points after ELC
for myopia. At 6 months, the frequency of DES decreased by 38.7% and 40% in groups
1 and 2, respectively, compared to the 3-month time point. Finally, 10% of the patients
showing no signs of DES preoperatively had persistent DES after ELC for myopia.

Myopia is one of the most common disorders of the
eye. More than 2 billion people worldwide have a degree
of myopia, 15% of whom have high myopia. In 2020, an
estimated 161 million people worldwide were blind or had
moderate to severe vision impairment from uncorrected
refractive error. By 2050, myopia is expected to affect
5 billion people, more than half of the projected global
population [1].

The myopia burden is highest in East Asia and the
high-income countries of the Asia-Pacific region (51.6%
and 53.4% prevalence in 2020, respectively) but the
prevalence is also high in Europe (Western Europe: 36.7%,
Central Europe: 34.6%, and Eastern Europe: 32.2%) [2,
3, 4].

Optical methods provide temporary correction for
myopia, whereas surgical procedures have been developed
for permanent correction of refractive errors. Excimer

laser correction (ELC) offers fast recovery of vision with
an almost painless postoperative course [5].

Refractive surgery is aimed at safe and predictable
improvement to stable target refraction without causing
new optical problems. Today, the global annual volume
of excimer laser correction (ELC) is estimated to be 3.6
million procedures [6]. ELC is one of the safest surgical
procedures [7]. Patient satisfaction rate following
laser-assisted in situ keratomileusis (LASIK) has been
reported to range from 92-98% [8]. Since Food and Drug
Administration (FDA) approval 25 years ago, there has
been a progression of technological improvements leading
to better outcomes [9].

The ELC procedure is safe and predictable; however,
complications may occur during or after the operation.
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The rate of perioperative complications for LASIK ranges
from 0.7% to 6.6%, and these complications are most
commonly associated with a microkeratome created flap
or femtosecond (FS) laser created flap [10, 11, 12].

Possible postoperative complications include diffuse
lamellar keratitis (1-2%); traumatic flap dislocation
(1.4%); epithelial ingrowth (< 0.2%); IOP-induced steroid
keratopathy (7-10%); undercorrection or overcorrection
(3-5%); optical aberrations (e.g., halo) (40%), severe
discomfort associated with optical aberrations (< 1%);
infectious keratitis (0.03%); macrostriae or microstriae
(0.5%); corneal ectasia (0.6%), and dry eye syndrome
(DES; 10-20%) [13].

The frequency of DES at 1 month and 6 months after
ELC for myopia has been reported to be 60% and 20%,
respectively [14, 15].

DES is amultifactorial ocular surface disease associated
with etiological factors like tear film abnormalities, tear
film hyperosmolarity, ocular surface inflammation and
irritation, and neurosensory abnormalities. The global
prevalence of DES ranges from 5 to 50% [16]. The
estimated numbers of individuals with DED and those
with symptoms of DED in Ukraine in 2021 were 2.1
million and 18 million, respectively [17].

A cascade of reactions resulting in tear film instability
may be triggered by tear film hyperosmolarity or caused
by ocular surface disorders. Several different disorders,
including, but not limited to, ocular surface inflammation
due to topical preservative toxicity, allergic eye disease,
and loss of conjunctival goblet cells or altered mucin
expression, due to xerophthalmia, can lead to tear film
instability. In addition, it may be induced by ELC [18-20].

We believe that studying post-ELC complications
(particularly, DES) is important and may facilitate a
reduction in the growing burden of uncorrected myopia
through the expansion of the opportunities for adequate
and advanced methods of refractive error correction.

The purpose of the study was to assess the early and
late impact of excimer laser correction for myopia on the
development of DES.

Material and Methods

Approval for the study was obtained from the
Bioethics Committee, the Shupik National Healthcare
University of Ukraine. The procedures followed were
in accordance with the ethical standards of the Helsinki
Declaration of the World Medical Association, European
Convention on Human Rights and Biomedicine (1977),
relevant provisions of WHO’s Constitution, Council
for International Organizations of Medical Science,
International Code of Medical Ethics (1983), and Ministry
of Health Order No. 690, dated 23 September, 2009.

This was a prospective, observational, interventional
clinical case-control study.

Informed consent was obtained from all participants.

Sixty-eight myopic patients (136 eyes) were
prospectively divided into two groups, group 1 (a LASIK
group) and group 2 (a FemtoLASIK group). Patient age

ranged from 20 to 44 years, and there were 30 men and
38 women. Of the 136 eyes, 54 (39.7%) were mildly
myopic, 50 (36.8%), moderately myopic, and 32 ouax
(23.5%), highly myopic. In addition, 52 eyes (38.2%) had
compound myopic astigmatism of 2 D or less.

Patients of group 1 (70 eyes) received thin-flap LASIK
using an EX500 Excimer Laser system (Alcon, Fort Worth,
Texas), with a 110-pum corneal flap created by a Carriazo-
Pendular microkeratome. Patients of group 2 (66 eyes)
received thin-flap FemtoLASIK using an EX500 Excimer
Laser system (Alcon, Fort Worth, Texas), with a 110-um
corneal flap created by an FS200 femto laser (Alcon).

All interventions were performed by one team of
surgeons.

Preoperative examination included visual acuity,
refractometry ~ (particularly,  under  cycloplegia),
keratometry, optical biometry, corneal topography,
biomicroscopy, ophthalmoscopy and pupillometry.

Postoperative examination included visual acuity,
refractometry, keratometry, tonometry, optical and
biomicroscopy. Postoperative treatment included topical
fluoroquinolon antibiotics and topical dexamethasone for
a month.

In addition, patients were assessed for DES (ocular
surface, tear production, and tear film stability)
preoperatively and postoperatively.

Tear film stability was assessed by measuring tear
break-up time (TBUT). A fluorescein paper strip was
moistened with a drop of isotonic saline and placed on the
lower lid margin near the external angle of the eye. The
tear film was examined using a broad-beam of slit lamp
with a blue filter. The interval in seconds elapsing between
the last complete blink and the appearance of the first break
in the fluorescein stained tear film was determined. The
test was performed in triplicate prior to instilling any drops
or manipulating the lids, and the average of the triplicate
measurements was determined.

Fluorescein dye was applied to assess the corneal
surface. Fluorescein strips were used as described above.
The dye accumulates in the dry defects of the ocular
surface. Corneal surface was examined using a broad-
beam of slit lamp with a blue filter. Fluorescein staining
of the conjunctiva was observed using a broad-beam of
slit lamp with a yellow filter. Corneal staining was graded
using the Oxford Scheme for grading ocular surface
staining in dry eye.

Schirmer test, Jones test and strip meniscometry were
used to assess the tear production.

Jones test was used to assess basal tear secretion. After
topical anesthesia, a 35-mm test paper strip was placed at
the external margin of the lower lid for 5 minutes, and the
length of paper wetting in millimeters was measured.

Schirmer test without anesthesia was done to assess
reflective tear secretion. A 35-mm test paper strip was
placed at the external margin of the lower lid for 5
minutes, and the length of paper wetting in millimeters
was measured.
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Optical coherence tomography (OCT) of the anterior
segment was used to measure the inferior tear meniscus
height.

Statistical analyses were performed using MedStat and
MedCalc v.15.1 (MedCalc Software bvba). A paired t-test
(two-tailed) was used to analyze the difference between
baseline and post-intervention measures. A p-value
0f<0.05 was considered statistically significant. Follow-
up duration was 12 months.

Results

At baseline, function tests showed mild dry eye in some
patients of group 1 and group 2. Mild abnormalities were
shown by the TBUT test in 10% and 12.1% of patients of
group 1 and group 2, respectively; Jones test in 10% and
10.6% of patients of group 1 and group 2, respectively;
Schirmer test in 8.5% and 10.6% of patients of group 1
and group 2, respectively; meniscometry in 12.8% and
10.6% of patients of group 1 and group 2, respectively. In
addition, ocular surface fluorescein staining showed mild
irritation in 11.4% and 10.6% of patients of group 1 and
group 2, respectively. Therefore, based on the results of the
above tests, the baseline frequency of DES was 10% and
10.6% for group 1 and group 2, respectively.

At 1 month after ELC for myopia, the frequency of
DES increased by 75.5% in group 1 and by 76.5% in group
2, as compared with baseline. These patients complained
of pain, foreign body sensation and redness of the eye,
tearing, photophobia and sometimes diurnal variations in
reduced visual acuity. Of the patients of group 1, 34.2%
and 8.5% had mild and moderate tear film instability,
respectively, as measured by the TBUT test. In group 2,
the frequency of mild tear film instability was 40.9%. Of
the patients of group 1, 27.1% and 8.5% had mild and
moderate reductions in basal tear secretion, respectively,
as measured by the Jones test. In group 2, the frequency of
mild reductions in basal tear secretion was 37.8%. Of the
patients of group 1, 28.5% and 7.1% had mild and moderate
reductions in reflective tear secretion, respectively, as
measured by the Schirmer test. In group 2, the frequency
of mild reductions in reflective tear secretion was 36.4%.
Ocular surface fluorescein staining showed mild irritation
in 35.7% and 31.8% of patients of group 1 and group 2,
respectively. Moderate irritation as assessed by fluorescein
staining score was seen in 5.7% of patients in group 1. Tear
meniscus height was low in 35.7% and 34.8% of patients
of group 1 and group 2, respectively.

At 3 months after ELC for myopia, there was a reduction
in the frequency of dry eye symptoms in both groups.
The percentage of patients having tear film instability
decreased to 31.4%, and no patient had moderate or severe
tear film instability, as measured by the TBUT test, in
group 1. In addition, the percentage of patients having
tear film instability decreased to 30.3%, as measured by
the TBUT test, in group 2. There was also a reduction in
the frequency of abnormal tear profile in patients in group
2, and the index decreased to 30.3%. Reduced basal and
reflective tear secretion (as measured by the Jones test and

Schirmer test, respectively) were seen in 25.7% and 27.1%
of patients, respectively, in group 1, and 25.8% and 24.2%
of patients, respectively, in group 2. Tear meniscus height
was low in 28.5% and 27.3% of patients of group 1 and
group 2, respectively. In addition, signs of ocular surface
irritation were seen in 31.4% and 27.3% of patients of
group 1 and group 2, respectively.

At 6 months after ELC for myopia, the frequency of
dry eye symptoms in both groups was lower compared to
previous time points. Shortened tear break-up time was
seen in 20% and 19.7% of patients of group 1 and group
2, respectively. Reduced basal and reflective tear secretion
were seen in 15.7% of patients in group 1, and 16.6% of
patients in group 2. Tear meniscus height was low in 17.1%
and 16.6% of patients of group 1 and group 2, respectively.
Ocular surface staining was seen in 18.6% and 19.7% of
patients of group 1 and group 2, respectively.

There was no significant difference in the results of
functional tests for dry eye between 12 months after ELC
for myopia and previous time points. The frequency of
DED did not change significantly over any follow-up time
points for either group, and the frequency remained stable
over the period from 6 months to 12 months after ELC for
myopia.

Table 1 shows tear production values for the LASIK
(group 1) and FemtoLASIK (group 2) at baseline and at 1
month, 3, 6 and 12 months after ELC for myopia.

Statistically significant reduction in tear secretion in
both groups was seen at 1 month and 3 months (Table 1). At
6 months, the frequency of decreased tear secretion in both
groups was almost as high as before operation. There was
no significant difference (p < 0.05) in any characteristic
between the LASIK and FemtoLASIK groups at any time
point. Of note, both ELC techniques (i.e., LASIK and
FemtoLASIK) had the same impact on the development
of DES.

Table 2 shows the tear film instability (as measured
by the TBUT test) at baseline and at 1 month, 3, 6 and
12 months after ELC for myopia for both groups. The
tear film instability decreased at 1 month and 3 months
compared to the preoperative time point (p < 0.05) in both
groups (Table 2). At 6 months and 12 months, there was
a gradual decrease in the frequency of DES symptoms in
both groups.

Table 3 presents corneal fluorescein staining scores
(Oxford scale, 0-5) at baseline and at 1 month, 3, 6 and
12 months after ELC for myopia, for the LASIK (group
1) and FemtoLASIK (group 2) techniques. The corneal
fluorescein staining score increased at 1 month and 3
months compared to the preoperative time point (p < 0.05)
in both groups. We noted a gradual decrease in corneal
fluorescein staining scores (Oxford scale) in both groups
at 6 months and 12 months after ELC for myopia.

Discussion

The results of our study demonstrate that ELC for
myopia impacts the development of DES. Of note, the
impact was mostly temporary and was observed early (at
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1 month and 3 months) after intervention. In addition, we
found a tendency for gradual regression of manifestations
of DES in both groups of the study.

The frequency of DES increased fourfold, to 42.7%
in group 1, and to 40.9% in group 2, at 1 month after
ELC for myopia, and thereafter gradually decreased with
time. At 3 months after ELC for myopia, the frequency of
DES decreased in groups 1 and 2 by 34.5% and 33.2%,
respectively, compared to the previous time point. At 6
months after ELC for myopia, frequency of DES decreased
in groups 1 and 2 by 38.7% and 40%, respectively,
compared to the 3-month time point and by 61.1% in and
58.2%, respectively, compared to the 1-month time point.

There was no significant difference in the frequency of
DES between the 6-month and 12-month time points for
both groups.

However, 10% of the patients of this study showed no
signs of DES preoperatively but had persistent DES after
ELC. Therefore, further research is required to elucidate
the major factor inducing DES.

It is generally believed that LASIK induces a greater
decrease in tear secretion and corneal sensitivity, with
more profound dry eye symptoms than refractive
photorefractive keratectomy (PRK) [21]. Complications
due to a disruption of corneal sensory innervation are a
feature of LASIK and PRK, in part the result of reduced
tear secretion, a fall in blink rate, loss of trophic support
and changes in tear composition and stability [22, 23].

Punctate keratitis on the flap, but sparing the region
of the hinge, has supported a causal role for sensory
denervation and neuropathic firing from damaged sensory
endings termed LASIK-Induced-Neuro-Epitheliopathy,
or LINE [22]. Also, it is suggested, that NGF and other
neuropeptides such as substance P or CGRP may be key
factors in the syndrome [24]. The two etiologies are not
mutually exclusive and it is likely that LASIK DED and
LINE can occur together, in which case a clue to the
presence of DED is punctate epitheliopathy in that it
affects both the LASIK flap and the cornea/conjunctiva
outside it, in a distribution typical of DED.

Evidence indicated that tear hyperosmolarity could
initiate a damaging cascade of inflammation at the ocular
surface. Importantly, a given etiology of DES may enter
the vicious circle at any point to participate in this process
[20].

Itis believed that DED may be manifested by the clinical
syndrome of pain, foreign body sensation and redness of
the eye, reduced visual acuity and punctate keratitis on the
flap. This is in agreement with our observations of patients
with post-LASIK or post-femtoLASIK DES.

It has been reported that persistent post-ELC DES may
lead to refractive regression due to epithelial hyperplasia
and corneal stroma remodeling [25].

The results of some studies are, however, in
disagreement with the theory of neurotrophic iatrogenic
impact of LASIK and FemtoLASIK on the development
of DES. After PRK, almost 50% of patients reported dry

eye and foreign body sensation symptoms, and 20% of
patients, transient ocular and eyelid pain, which could
be manifestations of subclinical microerosions due to
poor early postoperative corneal epithelial cell adhesion.
This was confirmed by experimental studies [26].
Corneal epithelial damage is accompanied by a release
of cytokines, including interleukin-1 alpha (IL-la) and
FAS ligand, which can induce apoptosis in keratinocytes,
support chronic inflammation and aggravate DES [27-29].

Tear hyperosmolarity stimulates a cascade of events in
the epithelial cells of the ocular surface, involving MAP
kinases and NFkB signaling pathways and the generation
of inflammatory cytokines (interleukin-1 [IL-1]a; IL-1 B);
tumor necrosis factor- oo [TNF-a]) and proteases, such as
MMP9I. These activate and recruit inflammatory cells to
the ocular surface which become an additional source of
inflammatory mediators. Such mediators, acting with tear
hyperosmolarity itself, lead to a reduced expression of
glycocalyx mucins, to apoptotic death of surface epithelial
cells and to loss of goblet cells. Goblet cell loss is a
feature of every form of DES, reflected by reduced tear
mucin levels. Altered expression of glycocalyx mucins, by
compromising ocular surface wetting, leads to early tear
film breakup. This amplifies or initiates ocular surface
hyperosmolarity, which completes the vicious circle and
establishes the mechanism that perpetuates the disease
[20, 30-38].

The results of the current study are in agreement
with the literature data [14, 15]. Studies of tear fluid
cytokine and hormone profile may be more valuable in the
diagnostic assessment and classification of DES than those
determining tear secretion amount and rate.

Conclusion

First, the baseline frequency of DES in patients with
myopia was 10%.

Second, at 1 month and 3 months after ELC for
myopia, the frequency of DES increased by 75.5% and
63%, respectively, in the LASIK group, and by 76.5% and
64.9%, respectively, in the FemtoLASIK group.

Third, we noted a gradual decrease in the frequency of
DES at late time points after ELC for myopia. At 6 months
after ELC for myopia, frequency of DES decreased by
38.7% and 40% in groups 1 and 2, respectively, compared
to the 3-month time point.

Fourth, 10% of the patients showing no signs of DES
preoperatively had persistent DES after ELC for myopia.

Finally, the results of our study demonstrate that LASIK
and FemtoLASIK for myopia impacted the development
of DES, but the impact was mostly temporary. Further
research of changes in biochemical and immunological
profile of tear fluid is required to elucidate major factors
impacting the development of DES.
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Table 1. Tear production values for the LASIK (group 1) and FemtoLASIK (group 2) at baseline and at 1 month, 3, 6 and 12

months after excimer laser correction (ELC) for myopia

Baseline Month 1 Month 3 Month 6 Month 12
Group1 | Group2 | Group1 | Group2 | Group1 | Group 2 | Group 1 | Group 2 | Group 1 Group 2
18.4+#3.5 | 18.3+3.8 [ 10.1£#2.1 | 10.3 1.0 | 10.4£1.8 | 10.2+1.2 [17.97+3.7| 17.9+3.8 | 18.0£3.8 | 17.89+3.7
t=0.02 t=0.09 t=0.09 t=0.01 t=0.02
Schirmer p=0.98 p=0.93 p=0.93 p=0.98 p=0.98
test
(mm) 1tb1aseline-1 mih 2.03, p= 0.043; 1}base\ine-Bmth =203, p= 0.044;
baseline - 6 mth = 008‘ p= 093‘ tbaseline-12 mth= 008‘ p= 094
baseline - 1 mth = 204‘ p= 0044’ 2tbaseline-Smth =2'03‘ p= 0044’
baseline-Smth= 007’ p= 094’ 2tbaseline-12 mlh= 008’ p= 094
18.343.5 | 18.2+3.7 [ 10.2+1.8 [ 10.3+1.1 | 10.3+1.6 | 10.2#1.2 | 18 £3.7 [ 17.9+3.8 [18.02 +3.7| 17.98 +3.8
t=0.02 t=0.04 t=0.05 t=0.02 t=0.02
Jones p=0.98 p=0.97 p=0.96 p=0.98 p=0.98
test
(mm) 11:b1'aseline-1 mth= 206’ p= 0041’ 11tbase|ine-3mth = 208’ p= 0039’
baseline - 6 mth = 006’ p= 0'95;2tbaseline»12 m!h= 006‘ p= 0.95
bzaseline-1 mth= 205’ p = 0043’ ztbaseline—3mth = 206’ p= 0042’
baseline - 6 mth = 006’ p= 095‘ tbaseline»12 m!h= 006‘ p= 0.95
0.42 0.1 (0.41£0.1{0.13+0.06 | 0.14+0.08 | 0.14 £0.08(0.15 £0.08| 0.4 £0.1 | 0.39 0.1 | 0.40+0.1 0.40 £0.1
t=0.07 t=0.04 t=0 t=0.07 t=0
Tear p=0.94 p=0.97 p=1.0 p=0.94 p=1.0
meniscus
helght 1tbase|ine»1 mth = 249‘ p= 0014‘ 1tbas(-.‘line-3mth = 219‘ p= 003’
(mm) ! baseline - 6 mth = 014’ p = 0892’ 1tbaseline-12 mth = 0’ p = 099’
baseline - 1 mth = 211’ p= 0036’ Ebaseline»Smlh = 203’ p= 0044’
baseline-Gmth= 0’ p= 099’ tbaseline-12 mth= 0’ p= 0.99

Note: 't, Student's t test for patients undergoing thin-flap LASIK; %, Student's t test for patients undergoing thin-flap FemtoLASIK;
*, significant difference compared to baseline for the same group (paired t-test)
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Table 2. Tear film stability (as assessed by the Tear Film Break-Up Time (TFBUT) test) for the LASIK (group 1) and Femto-
LASIK (group 2) at baseline and at 1 month, 3, 6 and 12 months after excimer laser correction (ELC) for myopia

Baseline Month 1 Month 3 Month 6 Month 12
8.3x1.0 52+1.0* 54+10" 81712 82+1.1
GrOUp 1 baseline - 1 mth= 219’ p = 003‘ tbaseline-(imth= 205' p = 0042’
baseline-6m1h= 008' p= 093‘ tbaseline-12 mth= 007‘ p= 095
8.4+1.0 56+09* 55+09* 8.32+1.1 8.34+1.0
Group 2 tbaseline-1 mth = 208’ p= 0039’ tbaseline-:&mth= 216’ p= 0033’
baselir'le-Gmth= 005’ p = 096’ tbaseline-12 mth= 004‘ p = 097

Note: *, significant difference (p < 0.05) compared to baseline for the same group (paired t-test)

Table 3. Oxford staining scores for the LASIK (group 1) and FemtoLASIK (group 2) at baseline and at 1 month, 3, 6 and 12
months after excimer laser correction (ELC) for myopia

Baseline Month 1 Month 3 Month 6 Month 12
Group 1 |Group 2| Group 1| Group 2 | Group 1 |Group 2| Group 1 | Group 2 | Group 1 | Group 2
Ocular surface | 0.17 £0.5|0.2+0.5|2.240.8 | 2.3+0.8 | 2.3+0.8 | 2.4 +0.9| 0.24 +0.5 | 0.25 +0.5| 0.22 +0.4 | 0.23 +0.4
staining score t=0.04 t=0.09 t=0.08 t=0.01 t=0.02
p=0.97 p=0.93 p=0.93 p=0.99 p=0.99
1 t1>aseline-1 mth = 215’ p= 0033’1 1tbaseline-Bmth = 226’ p= 0025’
baseline-Gmth= 01’ p = 0’92’ tzbaseline-12 mth= 008’ p = 094’
t%aseline-1 mth = 223’ p = 0027’ ztbaseline-Bmth = 214’ p = 0034’
baseline - 6 mth = 007’ p= 094’ tbaseline- 12 mth = 005’ p= 0.96

Note: 't, Student's t test for patients undergoing thin-flap LASIK; 2t, Student's t test for patients undergoing thin-flap FemtoLASIK;
*, significant difference (p < 0.05) compared to baseline for the same group (paired t-test)
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