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Abstract: Objective: To validate non-torque pattern double running suture technique for optical penetrating kera-
toplasty compared with traditional suture method. Methods: 56 patients (56 eyes) undergoing optical penetrating 
keratoplasty were divided into two groups. The experimental group (28 cases) underwent non-torque pattern double 
running suture technique, and the control group (28 cases) underwent interrupted suture. All participants were 
followed up at 2 weeks, 2 months, 6 months, and 1 year postoperatively. The best corrected visual acuity (BCVA), 
corneal curvature change and astigmatism change were observed and compared between the two groups, and 
corneal topographer was used to measure refractive change. Results: BCVA in experimental group was significantly 
improved (P<0.05); the corneal topographer showed that astigmatism in experimental group was significantly lower 
than that in control group at the early postoperative phase (P<0.001). Six months later postoperatively, astigmatism 
gap between the two groups was narrowed, but the differences were still statistically significant (P<0.001). Twelve 
months later, astigmatism in the experimental group was similar to six months ago, but astigmatism in control 
group reduced significantly. No significant difference in astigmatism was observed between two groups (P>0.05). 
Conclusion: Non-torque pattern double running suture technique for optical penetrating keratoplasty can achieve 
the BCVA at the very early phase, with stable postoperative refractive status. This novel suture method is accurate 
and safe with elegant appearance.
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Introduction

For optical penetrating keratoplasty, the surgi-
cally induced astigmatism will affect the post-
operative vision recovery. The tissue alignment 
between the grafts and the recipient bed, the 
matching degree, graft diameter, underlying 
diagnosis of the recipient, wound configuration 
abnormality, suture skills and suture methods 
are the main causes of astigmatism currently 
[1]. There are plentiful suturing techniques 
used in corneal graft retention, which are 
dependent upon surgeon preference [2]. Two of 
the most commonly used suture methods are 
radially placed interrupted (individual) sutures 
and continuous sutures [3]. With the develop-
ment of microscope instruments, the increased 
application of matched grafts, and the improve-
ment of surgical skills, the suture method has 
been the main cause of astigmatism currently 

[3, 4]. Many researchers tried to develop novel 
suture methods to reduce astigmatism [5, 6]. 
The presented study aimed to design and 
improve a non-torque pattern double running 
suture technique for optical penetrating kerato-
plasty and observe the optical outcomes 
postoperatively. 

Methods and materials

General information

From January 2011 to June 2013 in Ophthal- 
mology Department, Shandong Qianfoshan 
Hospital, 56 patients undergoing optical pene-
trating keratoplasty were included in the study. 
According to different suture methods, all par-
ticipants were divided into two groups random-
ly. The experimental group (28 cases) receiving 
non-torque pattern double running suture tech-
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nique included 18 men (18 eyes) and 10 
women (10 eyes), whose age ranged from 17 to 
68 years (mean age 38.07±17.51 years) and 
were followed up 1-3 years (mean follow-ups 
2.01±0.59 years). The control group (28 cases) 
undergoing interrupted suture included 15 men 
(15 eyes) and 13 women (13 eyes), whose age 
ranged from 15 to 71 years (mean age 
39.75±17.82 years) and were followed up for 
1-3 years (mean follow-ups 1.98±0.63 years) 
(Table 1).

Preoperative examinations

The medical histories of the patients were 
reviewed, and their visual acuities were exam-
ined. Slit-lamp examination was conducted to 
identify the corneal condition. Ophthalmological 
ultrasound was used to exclude vitreous body 
and retina diseases.

Operating procedure

All surgeries were conducted under general 
anesthesia by one experienced surgeon.

Firstly, corneal graft was fixed by 4 sutures (car-
dinal sutures) at 12 o’clock, 6 o’clock, 3 o’clock 
and 9 o’clock respectively keeping sutures on 
the vertical and horizontal directions from sur-
geon’s perspective. These sutures were 
required to remain the same length (about 1 
mm) in both corneal graft and corneal recipient 
bed. Withdrawal pinhole and insert pinhole 
formed the two virtual circles, virtual circle 1 
and 2, respectively (Figure 1).

The midpoint “B” of the arc between 3 o’clock 
and 6 o’clock on virtual circle 1 and its parallel 
line with sutures at 6 o’clock were marked. The 
crossover point of the parallel line and the edge 
of corneal recipient bed was the first insert pin-
hole of double running sutures. Paralleling with 
suture at 6 o’clock, suture needle was inserted 
and withdrawn from the crossover point “C” on 
the virtual circle 2. After withdrawal from cross-

over point “C”, suture needle was inserted into 
corneal graft at 6 o’clock on virtual circle 1 
(Figure 1). The insert direction of suture needle 
had a 45° angle with sutures at 6 o’clock and 
was perpendicular to the first suture to ensure 
that the angle between adjacent two sutures 
on virtual circle 1 was 90°. The final suture (the 
eighth suture) was inserted into crossover point 
“B” on virtual circle 1 and withdrawn at cross-
over point “A” on real circle of the corneal graft 
overlapped with the first insert pinhole. With a 
triple reef knot, the knot was buried in the inci-
sion to avoid being exposed.

The first insert pinhole’s position of second 
round continuous suture inserting on the cor-
neal recipient bed depended on surgeon’s 
habit. Each insert pinhole on the corneal graft 
was at the midpoint of adjacent two insert pin-
holes of the first round sutures (Figure 1). All 
sutures depth was more than 80% corneal 
thickness.

The follow-up time was up to one year (Figure 
2). The intraocular pressure change, postoper-
ative complications and visual acuity including 
change of the BCVA, corneal topography curva-
ture change and objective optometry astigma-
tism change were recorded at 2 weeks, 2 
months, 6 months and 1 year after surgery. All 
these data were analyzed by SPSS 170.0 soft-
ware. Different analyzing methods were adopt-
ed to analyze to statistics according to their dif-
ferent characteristics and objectives. t test was 
used to compare BCVA, corneal curvature and 
astigmatism between two groups. P>0.05 was 
considered to be significantly different.

Results

Changes of the best corrected visual acuity 
(BCAV)

At 2 weeks postoperatively (pre-discharge), the 
BCAV in the experiment group was 4.53±0.18, 
which was averagely improved. The BCAV in the 

Table 1. Basic information for both groups

Group Age (yrs) Gender Number (eyes)
Diagnosis before surgery

Keratoconus Keratoleukoma Bullous  
keratopathy

Patchy corneal 
degeneration

Experimental group 38.07±17.51 M 18 11 4 2 1

F 10 2 3 3 2

Control group 39.75±17.82 M 15 8 6 1 0

F 13 2 4 3 4
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control group was 4.31±0.23, which was aver-
agely improved. The differences between the 

two groups were statistically significant (paired 
t=3.217, P<0.05). Comparisons of visual acuity 

Figure 1. A, B: The initial 4 sutures fixing the corneal graft and the two virtual circles that have the same distance 
from the circular boundary of implantation hole respectively. C, D: Schematic diagram after first round of continuous 
suture. A: crossover point of the parallel line of B with sutures at 6 o’clock on real circle of the corneal graft; B: on of 
the arc between 3 o’clock and 6 o’clock on virtual circle 1; C: crossover point of the parallel line of B with sutures at 
6 o’clock on the virtual circle 2. E: The distribution of the second round sutures on insert pinholes and withdrawal 
pinholes. Point A was on real circle of the corneal graft overlapped with the first insert pinhole. F, G: Postoperative 
sketch of non-torque pattern double running suture technique: Point B was the knot of the second round suture.
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at 2 months, 6 months and 1 year postopera-
tively are shown in Table 2.

Postoperative changes of corneal curvature 
and astigmatism

1) Corneal topographer astigmatism examina-
tion: Corneal topographer in early postopera-
tive phase postoperatively showed that astig-
matism in experiment group was lower than 
that in control group. Two weeks later postop-
eratively, there had statistically significant dif-
ferences in the astigmatism between the two 
groups (t test, t=-11.765, P<0.001). Two 
months later postoperatively, there had statisti-
cally significant differences in the astigmatism 
between the two groups (t test, t=-10.331, 
P<0.001). Six months later postoperatively, the 
astigmatism in experimental group increased 
slightly while astigmatism in control group 
decreased slightly (t test, t=-7.458, P<0.001). 
Twelve months later postoperatively, the astig-
matism in experimental group had no signifi-
cant change, but astigmatism in control group 
decreased significantly. There had no statisti-
cally significant differences in the astigmatism 

between the two groups (t=-0.929, P>0.05) 
(Table 2).

2) Objective optometry examination astigma-
tism: objective optometry examination of astig-
matism in early postoperative phase showed 
that astigmatism in experiment group was sig-
nificantly lower than that in control group (t test, 
t=-14.468, P<0.001). Six months later postop-
eratively, astigmatism in experimental group 
increased slightly, while astigmatism in control 
group decreased slightly. There had statistically 
significant differences in the astigmatism 
between the two groups (t test, t=-3.777, 
P<0.001). Twelve months later postoperatively, 
astigmatism in experimental group had no sig-
nificant change, but astigmatism in control 
group decreased significantly. The astigmatism 
differences between the two groups were not 
statistically significant (t test, t=0.455, P>0.05) 
(Table 2).

Discussion

With the development of microsurgery and the 
gradual advance of microscope instruments 
and sutures, corneal suture technology gains a 
huge progression. Plenty of in-depth research-
es compared the double running suture and 
single suture technology, most of which deemed 
that double running suture technology achieved 
the least postoperative astigmatism [7].

Non-torque sutures achieve less surgically in-
duced astigmatism

According to different ways of sutures, continu-
ous suture were divided into torque suture 
(Torque pattern), twisting torque suture 
(Antitorque pattern) and non-torque suture 
(Non-torque pattern) [8]. Torque suture and 
twisting torque suture achieved more surgically 
induced astigmatism than non-torque suture.

The tensile force produced by torque suture 
was radial extrusion force pointing to center of 
circle acting an anticlockwise warping force on 
corneal graft. Twisting torque suture produced 
a resultant force combined by clockwise tensile 
force paralleling with implantation hole tangent 
and radial extrusion force pointing to center of 
circle. Therefore, twisting torque suture acted 
as a clockwise warping force on corneal graft. 
Non-torque suture produced inclined tensile 
forces, which were resultant force combined by 
two tensile forces (one was clockwise, and the 

Figure 2. Postoperative effect at the one-year follow-
up (A) experimental group; (B) control group.



Non-torque pattern double running suture technique

2611 Int J Clin Exp Med 2015;8(2):2607-2613

other was anticlockwise) paralleling with 
implantation hole tangent and extrusion force 
pointing to center of circle.

If the angles of adjacent two sutures were 
equal, the tensile force paralleling with tangent 
might counteract to remain the radial extrusion 
force. Obviously, the extrusion force was less 
than extrusion force produced by torque suture. 
Similarly, unidirectional warping force produced 
by twisting torque suture was not produced in 
the non-torque suture. As a result, astigmatism 
in the no torque suture was less.

The modified double running suture in current 
study was a typical non-torque suture pattern 
with the same suture angles. Our study showed 
that the incidence of postoperative astigma-
tism in the experimental group reduced, and 
patients gained better naked vision in the early 
postoperative phase.

The initial 4 sutures are the key to successful 
sutures

Seitz B1 [9] pointed out that the unfavorable 
position of the initial 4 sutures in the optical 
penetrating keratoplasty would lead to torsion 
of corneal graft on the horizontal direction or 
on the vertical direction. The corneal graft devi-
ated from implantation hole was one of the 
main reasons accounting for postoperative 
astigmatism. The initial 4 sutures were more 
essential to the non-torque pattern double run-
ning suture technique designed by our study. 
The opposite 2 sutures must be in a straight 
line and the adjacent 2 sutures direction must 
be perpendicular to ensure the four pinholes on 

the corneal graft forming a standard square 
and the equal span of each suture. The modi-
fied suture in the study did need to meet the 
requirement.

(1) Equal span of the following sutures.

The double running suture described in the arti-
cle included two circle of continuous suture 
lines each consisting of eight sutures. Suture 
direction was clockwise with suture needle 
inserting into corneal graft and was withdrawn 
out of the recipient (the first needle was insert-
ed into blade edge of recipient bed and with-
drawn out of the blade edge of corneal graft 
and then knotted, so that the line knot was bur-
ied in the corneal stroma layer of blade edge). 
The virtual circle 1 on the corneal graft consist-
ing of 8 insert pinholes and the virtual circle 2 
on the recipient bed consisting of eight with-
drawal pinholes held the equal distance to the 
actual circle consisting of the boundary of 
implantation hole. The distance determined by 
the initial 4 sutures ensured the equal suture 
distance of each suture on the corneal graft 
and corneal recipient bed and set a reference 
for the followed sutures.

(2) Suture angle of inside and outside the 
corneal are kept at 90° and 45° respectively.

For the linkage of the first and second sutures, 
we could conclude that directions of the two 
sutures were symmetrical with 6 o’clock suture 
line (preset reference suture line) as axis. The 
directions of these two suture lines were on the 
link of 9 o’clock and 6 o’clock and the extension 
of link of the 3 o’clock and 6 o’clock respec-

Table 2. The clinical outcomes between experimental and control group
Experimental group Control group t p value

BCVA change Two weeks 4.53±0.18 4.31±0.23 3.217 0.003
2 months 4.61±0.09 4.37±0.22 5.256 0.000
6 months 4.73±0.16 4.59±0.23 3.193 0.004

1 year 4.78±0.14 4.71±0.17 1.585 0.125
Corneal topographer astigmatism Two weeks 3.18±1.01 6.69±1.25 -11.765 0.000

2 months 3.59±0.96 6.71±1.26 -10.331 0.000
6 months 3.51±1.02 4.59±1.03 -7.458 0.000

1 year 2.54±0.67 2.70±0.71 -0.929 0.361
Objective optometry examining astigmatism Two weeks 2.83±0.74 5.78±1.06 -14.468 0.000

2 months 3.11±0.76 5.89±0.99 -12.846 0.000
6 months 3.10±0.92 3.88±0.69 -3.777 0.001

1 year 2.64±0.76 2.87±0.80 -1.151 0.260
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tively. The angel of the two sutures was 90°, 
because we should set four sutures to fix a 
square. The first sutures were parallel with 
suture at 6 o’clock, so the suture angle outside 
corneal graft was 45°. That kept the distance 
between the two sutures equal.

Modified suture method is safer

According to modified double running suture 
method, the second round sutures would not 
cut off the first round sutures. This was due to 
that the crossover point would be never on the 
same plane on the actual circle formed by cor-
neal recipient bed and corneal graft. That was 
to way, the final portion of the sutures were in 
the corneal stroma, while the sutures of the 
other round were on the surface of cornea.

It has been reported that if the tensile force 
suture line applied on the corneal graft and 
recipient bed were not well distributed, or the 
suture span was not symmetric, suture cutting 
through the cornea phenomenon would be pro-
duced [10]. That might result into tissue tearing 
on one side or two sides, suture line loss, even 
the whole suture line falling off. Besides, it 
would also lead to microbe entering corneal 
deep stroma, even anterior chamber from the 
loosen suture line, which would result in severe 
intraocular infection.

The angle formed by the adjacent suture line of 
suture method in this study was completely (or 
basically) equal and so were the force on the 
vertical direction and the horizontal direction. 
As a result, well-distributed tensile force applied 
on the corneal graft and recipient bed would 
avoid suture cutting through the cornea phe-
nomenon’s occurrence.

The sutures with elegant appearance and low 
operative astigmatism should accord with the 
followings: 1). The distance of each suture was 
equal. The distance between each insert pin-
hole and each withdrawal pinhole was equal. 
2). Span of each suture was equal, in other 
words, the span of sutures on the corneal graft 
and corneal recipient bed were equal. 3). The 
tensile force of each sutures were well distrib-
uted to ensure less crease on the inner cuticle 
[11]. The study modified the traditional double 
running suture method of corneal graft and 
adopted non-torque suture method designed 
by a prospective way. Our modified suture 

method permitted surgeons to set references 
to conduct next procedure constantly with a 
fixed process and standard operation. The pre-
sented study was consistent with the above 
three conditions, and the postoperative astig-
matism were reduced to gain a satisfied optical 
transplantation effect. 
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