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Abstract  

Background: Correction of vision using Photorefractive  
Keratectomy (PRK) or Laser In Situ Keratomileusis (LASIK)  

flap creation associated with ablation produces profound  
changes in the corneal structure and biomechanical properties  

secondary to central thinning and disruption of collagen  
lamellar continuity.  

Aim of Work:  This study aims to compare the changes in  
corneal biomechanical properties after PRK and LASIK in  
the treatment of low and moderate myopia by Ocular Response  
Analyzer.  

Subjects and Methods:  This study included 42 adult eyes  
divided into two groups: (1) Contain 21 eyes referred for  
Lasik surgery. (2) Contain 21 eyes referred for PRK surgery.  
Ocular Response Analyzer (ORA) was applied to each group  

to measure Corneal Hysteresis (CH) and Corneal Resistance  
Factor (CRF).  

Results: There was no statistically significant difference  
in CH and CRF, and between CCT and RSB between the two  
studied groups. There was statistically significant decrease  
in CH after both LASIK and PRK. There was statistically  
significant decrease in CRF after both LASIK and PRK. There  
was statistically significant difference in SE after LASIK and  
PRK. There was statistically significant difference between  
LASIK and PRK in CH and CRF change with more decrease  
after LASIK.  

Conclusion:  PRK and LASIK substantially weaken the  
biomechanical strength of the cornea, depending on the amount  
of archived myopic correction, and that the changes in corneal  

biomechanics were larger after LASIK than after PRK.  

Key Words:  Corneal biomechanics – PRK – LASIK – Corneal  
ectasia – Ocular response analyzer.  

Introduction  

LASER-Assisted in Situ Keratomileusis (LASIK)  
and Photorefractive Keratectomy (PRK) are pri- 
mary procedures for correction of refractive error.  

Correspondence to:  Dr. Hatem M. Marey, The Department  
of Ophthalmology, Faculty of Medicine, Menoufia University,  
Menoufia, Egypt  

However, both procedures affect corneal biome-
chanical properties and may cause corneal ectasia,  
a post-operative complication [1] .  

The ocular response analyzer (ORA; Reichert  
Ophthalmic Instruments, Buffalo, NY, USA) meas-
ures corneal biomechanical properties in vivo. A  
puff of air indents the cornea, and an infrared beam  
measures the waveform during inward and outward  
deviations of the cornea. Two properties reported  
by the ORA are Corneal Hysteresis (CH) and  
Corneal Resistance Factor (CRF) [2] .  

CH is the difference between the inward and  
outward applanation pressures and reflects the  
rigidity and elasticity of the cornea. CRF is calcu-
lated by multiplying the pressure at which the  
cornea returns to its original shape by an empirically  

derived constant and subtracting this value from  
the pressure required to indent the cornea. CRF  
correlates more strongly with Central Corneal  
Thickness (CCT) than CH [3] . Thin corneas are  
associated with lower CH and CRF values [4] .  

Several studies have shown that refractive  
photoablation procedures decrease CH and CRF,  
but the stability of these biomechanical properties  
in the post-operative period has not been well  
established [5] . No previous study has compared  
PRK with and without Mitomycin C (MMC) to  
determine the effect of MMC on CH and CRF [6] .  

Here, the present study evaluated the effect of  
LASIK and PRK on corneal biomechanical prop-
erties and assess the factors that impact pre-
operative and post-operative CH and CRF.  

Subjects and Methods  

The study was designed as a prospective rand-
omized controlled study. The study was carried  
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t-test  p-value  SE before  
PRK  

–2.9±0.7  
–4.25 to –2.25  
–2.7  

–3.8± 1  
–5.25  to –2.0  
–4.2  

3.4 0.001  
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out in Menoufia University Hospital with collabo-
ration of Alfath Ophthalmology Hospital, Zagazig,  
Sharkia during 2017 on patients requires correction  
of vision by Lasik or PRK. Approval was asked  
from Faculty of Medicine, Menoufia University.  

Sample size:  
The study subjects included 42 eyes and in-

formed consent obtained from each person. They  
were divided into the two groups: Group (I): Con-
tain 21 eyes referred for Lasik surgery. Group (II):  
Contain 21 eyes referred for PRK surgery.  

Inclusion criteria:  All patients had fulfilled the  
following inclusion criteria:  
- Age range 20-45 years.  
- Spherical equivalent (–2D to –6D).  
- Residual stromal bed <300µm.  
- Corneal Hysteresis (CH) and Corneal Resistance  

Factor (CRF) will be measured with Ocular Re-
sponse Analyzer before and 1 month after surgery.  

Exclusion criteria:  
- Patients with Keratoconus, corneal opacities,  

corneal degenerations and corneal dystrophies.  
- Patients with history of previous refractive sur-

gery, ocular trauma or intraocular surgery.  
- Glaucomatous patients.  
- Patients with posterior segment disorders.  
- Patients with Amblyopia.  

History:  
- Personal history including: Name, age, residence,  

and telephone number.  
- Visual history and progression.  
- Medical history of hypertension or diabetes mel-

litus.  
- Family history of similar conditions.  
- History of allergy to any medication.  

Visual assessment:  
- Evaluation of the best corrected visual acuity.  
- Manifest refraction using the autorefractometer.  

- Slit lamp biomicroscopy to examine the anterior  
segment of the eye to exclude any corneal or  
lens abnormalities as corneal opacities, corneal  
dystrophy, corneal degeneration and/or cataract.  

- Intraocular pressure measurement to exclude  
increasing IOP that may affect corneal biome-
chanics properties.  

- Fundus examination: Dilated fundus examination  
to exclude any posterior segment disorder.  

- Corneal topography using Oculus Pentacam for  
evaluation of corneal state (pachymetry, K-
reading, anterior or posterior elevations.. etc).  

- The Ocular Response Analyzer (ORA; Reichert  
Ophthalmic Instruments, Depew, NY, USA) to  
measure Corneal Hysteresis (CH) and Corneal  
Resistance Factor (CRF).  

Results  

Table (1): Comparison between the two studied groups in pre-
operative CH, CRF, CCT and RSB. 

Variable  LASIK 
n=21  

PRK  
n=21  

t- 
test  

p -
value  

CH:  
Mean ±  SD  10.5± 1.2  11 ±0.8  1.4  0.1  
Range  (8.8-12.6)  (9.2-12.1)  

CRF:  
Mean ±  SD  10.9± 1.5  11.5±0.9  1.5  0.1  
Range  (8.6-13.2)  (10.2-12.7)  

CCT:  
Mean ±  SD  558.4±22.1  532.4± 18.5  1.9  0.08  
Range  (524-587)  (510-566)  

RSB:  
Mean ±  SD  403.7±21.8  416.8±29.8  1.6  0.1  
Range  (369-431)  (396-476)  
Median  413  401  

Table (2): Comparing CH & CRF before and after LASIK.  

Variable  Before  
LASIK  

After  
LASIK  t-test  p-value  

     

CH  
CRF  

Table (3): Comparing CH & CRF before and after PRK.  

Variable  Before  
PRK  

After  
PRK  t-test  p-value  

     

CH  
CRF  

Table (4): Comparing SE before PRK and LASIK.  

SE before  
LASIK  

Mean ±  SD  
(Range)  
Median  

10.5± 1.2 8.2± 1.5 10.5 0.001  
10.9± 1.5 8.6±2.1 8.6 0.001  

11 ±0.8 8.7± 1.2 7.9 0.001  
11.5±0.9 9.6± 1.4 6.8 0.001  

Variable  
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Table (5): Comparing between mean ±  SD of PRK and LASIK  
in percent of change in CH and CRF.  

Variable  LASIK  PRK  t-test  p-value  

CH  0.23±0.08  0.16±0.05  3.1  0.004  
CRF  0.24±0.07  0.19±0.05  2.1  0.030  

Table (6): Correlation between SE, CRF and CH after LASIK.  

Variable  r  p  Significance  

CH  –0.7  0.001  HS  
CRF  –0.6  0.001  HS  
RSB  0.2  >0.05  NS  
Age  –0.4  0.02  S  

Table (7): Correlation between SE, CRF and CH after PRK.  

Variable  r  p  Significance  

CH  –0.6  0.001  HS  
CRF  –0.4  0.001  HS  
RSB  0.8  0.001  HS  
Age  0.2  >0.05  NS  

Discussion  

The study subjects included 42 eyes with re-
fractive error eligible for refractive surgery. They  

were divided into the following groups: Group (1):  

21 myopic eyes undergoing Lasik surgery, 4 males  

(19%) and 17 females (81%) with age ranged from  

(27-38 years) and a mean age of 32 ±4.3 years and  
group (2): 21 myopic eyes undergoing PRK surgery,  
8 males (38.1%) and 13 females (61.9%) with age  
ranged from (23-42 years) and a mean age of 33.2 ±  
13.2 years, there was no statistically significant  

difference in age and sex between the two studied  

groups (p>0.05), i.e. both groups were matched in  
age and sex.  

Before operations both groups had a statistically  

non-significant difference in CH and CRF (p>0.05).  
Also, there was no statistically significant difference  

in CCT and RSB between the studied groups  
(p>0.05) at the beginning of the study. The study  

showed that there was a statistically very highly  

significant difference in CH and CRF before and  

after LASIK and PRK (p<0.001). The study also  
showed that there was a statistically very highly  

significant difference in SE before and after LASIK  

and PRK (p<0.001).  

This study showed that there was statistically  
significant difference between LASIK and PRK  

in CH and CRF percent of change with more de-
crease after LASIK. So both Lasik and PRK are  

significantly decease CH and CRF, however, Lasik  
decreases CH and CRF more than PRK.  

These results was in parallel with Kamiya et  

al., [7]  study which demonstrated that LASIK  
significantly decreased CH and CRF more than  
PRK, suggesting that LASIK could affect corneal  
biomechanics more than PRK. This may be due to  
the fact that LASIK requires both surgical tissue  

removal and flap creation, whereas PRK requires  
tissue removal only. In addition, LASIK ablates  
more of the deeper layers of the corneal stroma  

than PRK, which may contribute to the greater  

damage to the corneal nerves evident after LASIK  

because these are transected at a deeper plane of  

the cornea.  

The study also showed that there was a statis-
tically highly significant negative correlation be-
tween SE, CRF and CH (p<0.01), and a statistically  
significant correlation with age (p<0.05) and there  
were a statistically non-significant correlation with  

RSB in patients with LASIK, while there was a  
statistically highly significant negative correlation  
between SE, CRF, CH and RSB in patients with  

PRK (p<0.01), while there was a statistically non-
significant difference with age (p>0.05).  

Corneas with ectasia are thought to have bio-
mechanical properties that predispose them to a  

cone shape. Lower CH and CRF have been dem-
onstrated in forme fruste keratoconus and kerato-
conus [8]  and the waveform morphology on ORA  
of corneas with post-LASIK ectasia differs from  

non-ectatic corneas [9] .  

LASIK is thought to be more likely to cause  

post-operative corneal ectasia since the treatment  

occurs deeper in the corneal stroma than PRK [10] .  

Accordingly, a greater decrease in corneal bio-
mechanical properties with LASIK than with PRK  

might be expected. This hypothesis was supported  
by a retrospective study of LASIK (31 eyes) and  

PRK without MMC (27 eyes) by Kamiya et al. [7] ,  
which found a greater decrease in corneal biome-
chanical properties after LASIK.  

In contrast, most recently, Hwang et al., [1]  
studied the biomechanical properties of 230 eyes  

after LASIK and 115 eyes after PRK without MMC  

and found similar decreases after both procedures.  

The lack of a significant difference between the  

two procedures likely indicates similar long-term  
effects on corneal biomechanical properties by  

LASIK and PRK without MMC.  

In contrast to the stability of CH and CRF  

measurements after LASIK and PRK without  

MMC, it was found that after PRK with MMC,  
there was a small decrease in the first 3 months  
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and then a proportionate increase from 3 to 12  

months. Thus, at 12 months, CRF and CH values  
were similar for all three procedures [1] . Another  
group compared PRK with MMC and LASIK in  
the fellow eye and found lower postoperative CRF  
and CH values at 12 months in the LASIK group  

[11] .  

This study did not report earlier time points,  

so the changes in CH and CRF in the immediate  
post-operative time period are unknown for their  

patients. Hwang et al., [1]  randomized study had  
a larger sample size compared to our study, whereas  

our study had relatively few patients undergoing  

PRK with MMC.  

The main advantage of Hwang et al., [1]  study  
is the large cohort of patients with 3-month, 6- 
month and 12-month measurements of CH and  
CRF after LASIK and PRK with and without MMC.  
However, a weakness of their study is that the  

patients were not randomized and the treatment  

groups differed in baseline refractive error, CCT,  

CRF, and CH. In routine clinical care, patients who  

receive PRK differ from those who receive LASIK.  

Corneal ectasia following refractive surgery is  

a complication that all surgeons wish to avoid.  

Many pre-operative guidelines to assess ectasia  
risk have been published [12] .  

Corneal measurements by ORA may add to this  

arsenal and help in identifying patients susceptible  

to ectasia. Our study specifically examined the  

effects of LASIK and PRK on CH and CRF. Sig-
nificant but similar decreases in corneal biome-
chanical properties after LASIK, PRK without  
MMC, and PRK with MMC were noted. This may  

suggest that the type of procedure is not as impor-
tant as the native characteristics of the patient's  

cornea in determining the risk for ectasia. The role  
of CH and CRF measurements in refractive surgery  

patients is still being elucidated, and further studies  

will help clarify the relationship of these values  

with the risk of ectasia [1] .  

In the Kamiya et al., [7]  study, demonstrated  
that both keratorefractive surgical procedures re-
duced CH and CRF depending on the amount of  

myopic correction, indicating that both keratore-
fractive techniques can affect the biomechanical  

parameters of the cornea, especially when a large  
amount of laser ablation is required in highly  

myopic eyes. These findings may be supported by  
the fact that iatrogenic keratectasia tended to occur  

in eyes with high myopia [13] .  

Seiler et al., [14]  reported that the residual  
corneal bed thickness was critical for determining  

the mechanical strength of the cornea after LASIK.  

These findings are also confirmed by the fact that  

as many as 26% of patients developed iatrogenic  

keratoconus after hyperopic automated lamellar  

keratoplasty, which intentionally attempts deeper  
tissue dissection [15] .  

Unfortunately, intraoperative pachymetry didn't  

performed in this study. Kamiya et al., [7]  usually  
performed it only in eyes with high myopia or with  
a thin cornea, and they recommended phakic in-
traocular lens implantation in such eyes to avoid  
the theoretical risk of keratectasia. They previously  

evaluated flap thickness in 26 eyes using intraop-
erative pachymetry, demonstrating that mean flap  

thickness was 127.5 ± 11.9 (SD) mm (range, 108 to  
149mm), and this indicated that flap thickness  
measurement with an LSK-1 microkeratome was  

reproducible. However, it has been reported that  
the anterior flap thickness may appear to vary  

considerably because of microkeratome inaccuracy  

[16] .  

The creation of a thick flap and the photoabla-
tion of deep stroma may have contributed to the  

greater decreases in corneal biomechanics after  

LASIK. Intraoperative pachymetry may provide  
us further information about biomechanical changes  
in the cornea [7] . Although it's accepted that some  
biomechanical factors might have played a role,  

such as the integrity of Bowman's membrane, the  

epithelial wound healing process, or long-term  
usage of steroid eye drops, PRK may be a safer  

surgical option for biomechanically weaker eyes  
such as those with a thin cornea or those requiring  

enhancement surgery to avoid the possible risk of  

keratectasia.  

On the other hand, Kirwan and O'Keefe [17]  
reported that the decrease in CH was not statistically  

different after LASIK and laser-assisted subepithe-
lial keratectomy (LASEK), indicating that LASIK  
involving a thin 90-µm flap did not induce addi-
tional biomechanical change. The intended flap  
thickness and the amount of myopic correction in  

our study are larger than those in their study. The  

differences of surgical technique (PRK vs.  
LASEK), flap thickness (130µm vs 90µm), and  
amount of myopic correction (LASIK, 4.1 ± 1.6D;  
PRK, 4.1 ± 1.5D vs. LASIK, 3.8 ± 1.5D; LASEK,  
3.3± 1.9D) may account for this discrepancy. Further  

studies are necessary for clarifying this point.  

It is clinically important to assess the post-
operative biomechanical changes of the cornea in  
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light of the increasing number of reports of iatro-
genic keratectasia after excimer laser keratorefrac-
tive surgery. The Ocular Response Analyzer (Re-
ichert Ophthalmic Instruments, Depew, NY) has  

been developed to assess the biomechanical prop-
erties of the cornea [2] .  

Kamiya et al., [7]  study show that the mean  
difference between two consecutive measurements  

with ORA was –0.1 ±0.5 mmHg (–1.1 to 1.0mmHg)  
for CH, and 0.0±0.5mmHg (–0.9 to 1.0mmHg) for  
CRF. Moreover, Lu et al., [18]  reported that the  
repeatability of the CH was 0.8mmHg as the stand-
ard deviation of the differences between two meas-
urements. Therefore, we believe that this device  

(ORA) offers reasonable repeatability in the eval-
uation of the biomechanical properties of the cor-
nea.  

Although it is accepted that a randomized con-
trolled study is desirable for confirming the au-
thenticity of the results, it is believed that this  
comparison is clinically acceptable for the assess-
ment of the post-operative biomechanical changes  
after two surgical procedures. Other limitations  
are that the sample data were comparatively small  
in amount and that the follow-up time was short.  
The post-operative CH and CRF were measured  
at 3 months after surgery, when the biomechanical  
properties of the cornea were considered to have  

been stabilized, taking into account the wound-
healing responses of the cornea. However, in light  
of reports of delayed-onset keratectasia [19] , we  
cannot deny the possibility that biomechanical  
changes may be ongoing throughout the long-term  

periods. Further observation is needed to elucidate  

the long-term biomechanical changes of the cornea.  

In conclusion, this preliminarily results dem-
onstrate that both PRK and LASIK substantially  

weaken the biomechanical strength of the cornea,  

depending on the amount of archived myopic cor-
rection, and that the changes in corneal biomechan-
ics were larger after LASIK than after PRK. These  

findings indicate that PRK, which requires only  

surgical tissue removal, may be biomechanically  
a less invasive approach than LASIK, which re-
quires not only deeper tissue ablation but also the  

creation of a thick flap, although the inferiority of  

LASIK in this study may have resulted from the  

creation of a thicker flap.  
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