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Background: The purpose of this study was to evaluate the effects of laser-assisted in situ 

keratomileusis (LASIK) and photorefractive keratectomy (PRK) on corneal biomechanical 

properties.

Methods: We used the ocular response analyzer to measure corneal hysteresis (CH) and corneal 

resistance factor (CRF) before and after refractive surgery.

Results: In all, 230 eyes underwent LASIK and 115 eyes underwent PRK without mitomycin C  

(MMC). Both procedures decreased CH and CRF from baseline. When MMC was used after PRK 

in 20 eyes, it resulted in lower corneal biomechanical properties at 3 months when compared to 

the other procedures, but all three procedures had similar values at 12 months.

Conclusion: Significant but similar decreases in corneal biomechanical properties after LASIK, 

PRK without MMC, and PRK with MMC were noted.
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Introduction
Laser-assisted in situ keratomileusis (LASIK) and photorefractive keratectomy (PRK) 

are primary procedures for correction of refractive error. However, both procedures 

affect corneal biomechanical properties and may cause corneal ectasia, a postopera-

tive complication.

The ocular response analyzer (ORA; Reichert Ophthalmic Instruments, Buffalo, 

NY, USA) measures 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).1 CH is the difference between the inward 

and outward applanation pressures and reflects the rigidity and elasticity of the 

cornea. CRF is calculated 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.2 Thin corneas are associated with lower CH and 

CRF values.3,4

Several studies have shown that refractive photoablation procedures decrease CH 

and CRF,5–9 but the stability of these biomechanical properties in the postoperative 

period has not been well established. No previous study has compared PRK with 

and without mitomycin C (MMC) to determine the effect of MMC on CH and CRF. 
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Here, we present a long-term, prospective study evaluating 

the effect of LASIK and PRK on corneal biomechanical 

properties over time and assess the factors that impact pre-

operative and postoperative CH and CRF.

Methods
Patients
This prospective cohort study was conducted from November 

2012 through February 2015. Patients underwent femto-

second LASIK or PRK for correction of myopia or myopic 

astigmatism. The vast majority of patients were given the 

choice between LASIK and PRK because the calculated 

residual stromal bed for LASIK was 300 µm. However, 

some patients were only offered PRK because the calculated 

residual stromal bed for LASIK was 300 µm. Patient choice 

determined whether LASIK or PRK was performed in most 

cases. All eyes were targeted for emmetropia. Eyes with 

prior eye surgeries, corneal disease, or topographic findings 

suggestive of ectatic disease were excluded.

The institutional review board from University of Utah, 

School of Medicine, approved the study protocol prior 

to November of 2012. The study adhered to the tenets of 

the Declaration of Helsinki. All patients provided written 

informed consent for surgery and study participation.

Surgical procedures
Femtosecond LASIK and PRK procedures were performed 

using standard techniques by four different surgeons (VM, 

LS-C, MDM, and MM). All excimer laser photoablation 

was performed using either the VISX Star S4 system (AMO, 

Santa Ana, CA, USA) or the WaveLight Allegretto EX200 

and EX400 systems (Alcon Laboratories, Inc., Fort Worth, 

TX, USA). The Intralase femtosecond laser system (AMO) 

was used to create LASIK flaps with intended thickness of 

110 µm and 8.8 mm diameter. The following factors were 

used by the surgeon to determine whether or not to use MMC: 

6 D of myopia and 3 D of cylinder. In these cases, a 

sponge soaked in 0.02% MMC was applied for 15 seconds 

followed by copious irrigation.

Measurements
Patients discontinued soft contact lens wear at least 2 weeks 

before baseline measurements. CCT was measured using the 

Pentacam (Oculus Inc., Arlington, WA, USA). Keratometry 

was measured using the ATLAS corneal topography system 

(Carl Zeiss Meditec AG, Jena, Germany), and values along 

the steep axis were included in the analysis. CH and CRF 

were measured using the ORA (Reichert Technologies, 

Depew, NY, USA). ORA measurements were performed 

at baseline and at 3  months, 6  months, and 12  months 

after surgery.

Data analysis
Baseline subject-level demographic variables were analyzed 

by the Kruskal–Wallis test for continuous variables and by 

the chi-square test for categorical variables. Baseline eye 

measurements were analyzed using a mixed-effect analysis 

of variance (ANOVA) to control for the correlation between 

eyes from the same subject. p-values for baseline variables 

were adjusted using the Tukey–Kramer method for multiple 

comparisons. Mixed-effects ANOVA with covariate adjust-

ment was used to determine the mean CRF and CH at months 

3, 6, and 12 after surgery. Mixed-effects ANOVA was used to 

control the correlation of eyes within each subject and simul-

taneously test for differences across eyes in the same subject. 

The effect of type of procedure on CRF and CH was tested 

after controlling for age, gender, baseline spherical equiva-

lent, baseline keratometry value, ablation depth, and baseline 

CCT. An α=0.05 was used for significance. Adjustment for 

multiple comparisons was not performed since all hypotheses 

tested were prespecified. Analyses were performed in SAS 

version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Baseline patient characteristics
In all, 449 eyes (226 subjects) were enrolled in this prospec-

tive cohort study. A total of 365 eyes had complete baseline 

data and were included in the analysis. In all, 230 eyes 

underwent LASIK, 115 eyes underwent PRK without MMC 

and 20 eyes underwent PRK with MMC. A total of 194 eyes 

completed 12-month follow-up. The baseline characteristics 

of the groups differed in that LASIK patients had significantly 

thicker corneas and PRK with MMC patients had signifi-

cantly greater refractive error. The groups were similar in age, 

gender, and keratometry values (Table 1). Baseline CRF and 

baseline CH were higher in the LASIK patients, as expected 

given the greater corneal thickness in this group.

Changes in biomechanical properties 
after surgery
Three months after surgery, CRF was significantly lower 

than baseline in eyes that underwent LASIK, PRK without 

MMC, and PRK with MMC (Figure 1A). After controlling 

for baseline age, gender, spherical equivalent, keratometry 

value, ablation depth, and CCT, eyes that had PRK with 

MMC showed the greatest decrease in CRF from baseline to 

3 months. Eyes that had PRK with MMC also demonstrated 

the greatest increase in CRF from 3 to 12 months. The pairwise 
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comparisons between the three procedures demonstrated 

statistically significant differences. At 12 months, CRF was 

similar in all three groups. For all three procedures, CRF 

remained significantly lower than baseline at 12 months.

CH was significantly decreased compared to baseline 

at 3 months and 12 months in eyes that underwent all three 

procedures (Figure 1B). Again, PRK with MMC showed 

a significantly greater decrease at 3 months followed by a 

significant increase from 3 to 12 months, with the final result 

that all three procedures showed similar CH at 12 months.

Discussion
Corneas with ectasia are thought to have biomechanical 

properties that predispose them to a cone shape. Lower CH 

and CRF have been demonstrated in forme fruste keratoconus 

and keratoconus,10,11 and the waveform morphology on ORA 

of corneas with post-LASIK ectasia differs from non-ectatic 

corneas.12 LASIK is thought to be more likely to cause 

postoperative corneal ectasia since the treatment occurs 

deeper in the corneal stroma than PRK.13 Accordingly, a 

greater decrease in corneal biomechanical 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 biomechanical proper-

ties after LASIK. In contrast, we prospectively studied the 

biomechanical properties of 230 eyes after LASIK and 

115 eyes after PRK without MMC (to our knowledge, the 

largest such study to date) and found similar decreases after 

both procedures. The lack of a significant difference between 

Table 1 Baseline characteristics of study subjects

Per subject baseline  
characteristics

LASIK PRK without 
MMC

PRK with 
MMC

p-value

Mean ± SD Mean ± SD Mean ± SD

Age, years 32.9±6.3 30.8±5.3 33.1±8.8 0.164
Gender (% males) 53.4 57.9 66.7 0.622

Per eye baseline  
characteristics

LASIK PRK without 
MMC

PRK with 
MMC

LASIK vs PRK 
without MMC

LASIK vs PRK 
with MMC

PRK without MMC 
vs PRK with MMC

Mean ± SD Mean ± SD Mean ± SD p-value p-value p-value

CCT (µm) 549±28.1 534.9±34.4 526.7±37.7 0.003* 0.067 0.722
Spherical equivalent (D) −3.5±2.1 −3.1±1.4 −5.9±2.3 0.142 0.004* .001*
Keratometry value (D) 44.4±1.5 44.4±1.9 45.3±1.2 0.998 0.024* 0.043*
Baseline CH 10.1±1.6 9.7±1.7 9.1±1.7 0.039* 0.031* 0.422
Baseline CRF 10±1.8 9.4±1.9 9.2±1.8 0.012* 0.087 0.89

Note: *Indicates statistical significance.
Abbreviations: LASIK, laser-assisted in situ keratomileusis; PRK, photorefractive keratectomy; MMC, mitomycin C; CCT, central corneal thickness; CH, corneal hysteresis; 
CRF, corneal resistance factor.

Figure 1 Corneal biomechanical properties as measured before and after LASIK, PRK without MMC, and PRK + MMC.
Notes: (A) CRF. (B) CH. *For all three procedures, there was a significant decrease in CRF and CH at 3 months compared to baseline.
Abbreviations: LASIK, laser-assisted in situ keratomileusis; PRK, photorefractive keratectomy; MMC, mitomycin C; CRF, corneal resistance factor; CH, corneal 
hysteresis.
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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 measure-

ments after LASIK and PRK without MMC, we found that 

after PRK with MMC, there was a small decrease in the 

first 3 months and then a proportionate increase from 3 to 

12 months. Thus, at 12 months, CRF and CH values were 

similar for all three procedures. 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.5 This study did not report earlier time 

points, so the changes in CH and CRF in the immediate 

postoperative time period are unknown for their patients. 

Their randomized study had a larger sample size compared 

to our study, whereas our study had relatively few patients 

undergoing PRK with MMC. The difference in our findings 

may be due to a lack of power in our study.

The main advantage of our 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 our study is that the patients 

were not randomized and the treatment groups differed in 

baseline refractive error, CCT, CRF, and CH. To address 

this, we used a multivariate model to control for differences 

in baseline characteristics. Although the treatment groups 

differed preoperatively, the distribution of patients between 

groups reflects real-life patient characteristics. In routine 

clinical care, patients who receive PRK differ from those 

who receive LASIK. Another limitation of the study is that 

only one measurement was taken at each visit, which could 

have contributed to larger variability. In addition, although 

decreased CH and CRF values have been found in forme 

fruste keratoconus, these measurements lack specificity.10

Corneal ectasia following refractive surgery is a com-

plication that all surgeons wish to avoid. Many preopera-

tive guidelines to assess ectasia risk have been published.14 

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. Significant but similar decreases in corneal 

biomechanical properties after LASIK, PRK without MMC, 

and PRK with MMC were noted. This may suggest that the 

type of procedure is not as important as the native charac-

teristics 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.
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