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 DISCUSSION INTRODUCTION                                                          

 ■ Accurate corneal thickness measurements have become essential for a wide 
range of corneal conditions and procedures. Ultrasound (US) pachometry has 
been described as the “gold standard” for many years because of its demonstrated 
ease of use, validity and reliability.1-3

 ■ Newer technologies are now available for corneal thickness measurement, 
including optical coherence tomography (OCT, e.g. Visante, RTVue). Other 
researchers have demonstrated acceptable agreement between US and newer 
techniques.1,2,4-7 

 ■ The Sonogage or Corneo-Gage Plus US pachometer (Sonogage Inc., OH, USA) 
uses higher frequency ultrasound (50MHz) compared to other US instruments (20 
MHz), and it is claimed that this allows it to measure corneal epithelial thickness 
in vivo.3,8,9 

 ■ Orthokeratology (OK) is a corneal reshaping technique that uses rigid reverse 
geometry lenses to reduce central corneal power, temporarily correcting low to 
moderate myopia. Current clinical and research evidence indicates that this effect 
is achieved primarily through central corneal epithelial thinning.10-12 

 ■ Failure to detect epithelial thinning in OK using the Sonogage US pachometer 
has been used to challenge this conventional view of the mechanism of OK,8,9 

suggesting instead that corneal reshaping is achieved primarily through stromal 
remodelling.

 ■ We sought to validate this claim by comparing total corneal and epithelial thickness 
measurements obtained with the Sonogage US pachometer to those obtained 
with high resolution OCT.

 PURPOSE 

To compare total corneal and epithelial thickness measured with the Sonogage US 
pachometer and high resolution OCT in normal and OK lens wearers

METHODS                                                 

SUBJECTS
 ■ 11 non-contact lens wearers and 14 OK lens wearers who wore Paragon CRT 

lenses (Paragon Vision Sciences Inc., AZ, USA) for a minimum of one month 
 ■ Inclusion criteria: 
   - Age between 18-40 years
   - Good general and ocular health
   - Refraction between -1.00 and -6.00DS
   - No previous rigid contact lens wear

MEASUREMENTS
 ■ Central epithelial and total corneal thickness were measured using the Sonogage 

US pachometer (with Alcaine 0.5% topical anesthesia) and the high resolution 
CASIA SS-1000 OCT (Tomey Corp., Nagoya, Japan)

 ■ Three OCT scans (along horizontal meridian) and five central Sonogage US 
readings were taken in the right eye only

 ■ Central thickness measurements obtained with the OCT were quantified using 
callipers in the instrument software

DATA ANALYSIS
 ■ Paired t-tests or Wilcoxon tests to compare epithelial and total corneal thickness 

measurements obtained with Sonogage US pachometer and OCT
 ■ Pearson or Spearman correlations to examine relationship between 

measurements obtained with the two instruments

                                                                      RESULTS
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 ■ Corneal thickness measurements obtained with the Sonogage US pachometer and 
the Tomey CASIA OCT are summarized in Table 1.

Table 1. Mean and standard deviation of epithelial and total corneal thickness measurements  ob-
tained with Sonogage US pachometer and Tomey CASIA OCT in normal and OK subjects. 

TOTAL CORNEAL THICKNESS:

 ■ A significant difference in total corneal thickness measurements was obtained with 
the two instruments (p<0.05), with the Sonogage over-estimating thickness (+51.5 ± 
21.5 µm) relative to OCT.

 ■ There was a significant correlation (r=0.673, p<0.001) between total corneal thickness 
measured with the Sonogage US pachometer and OCT in normal and OK subjects 
(Figure 1).

EPITHELIAL THICKNESS:

 ■ No significant correlation in epithelial thickness measured with the Sonogage US 
pachometer and the OCT (r=-0.169, p=0.420) was found in normal and OK subjects 
(Figure 2).

 ■ Interestingly, epithelial thickness measured using the Sonogage US pachometer 
showed little variation, ranging between 46.4 and 50.0 μm, whereas epithelial thickness 
ranged from 28.0 to 53.7 μm using the OCT.

 ■ According to the OCT measurements, OK lens wearers had thinner corneal epithelium 
(35.7 ± 2.6 µm) compared with non-contact lens-wearers (46.4 ± 4.0 µm), consistent 
with the conventional view of the mechanism of OK.

ACCURACY OF OCT:

 ■ To evaluate the accuracy of the OCT, six parallel thickness PMMA contact lenses ranging from 100 to 200 µm in nominal center thickness were measured with the CASIA 
OCT when worn in the eye  (Figure 3) and compared with in vitro measurements obtained with the Mitutoyo 7313 thickness gauge (Mitutoyo Corp., Japan).

 ■ Excellent agreement was found between thickness measurements obtained with the OCT and the Mitutoyo gauge (Figure 4), with a mean difference of 0 ± 2µm.

Figure 3:  Cross-sectional image of PMMA contact lens on a human cornea, taken along the hori-
zontal meridian using the Tomey CASIA OCT.
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Figure 4: Bland Altman plot showing 
good agreement between measure-
ments obtained with the Tomey CASIA 
OCT and the Mitutoyo gauge. The blue 
lines represent 95% confidence inter-
vals.
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Figure 1: Pearson correlation of total 
corneal thickness measurements of 
normal and OK subjects obtained with 
the Sonogage US pachometer and the 
Tomey CASIA OCT. The blue line rep-
resents the 1:1 relationship and the 
black line represents the correlation 
line.

Figure 2: Spearman correlation of 
corneal epithelial thickness measure-
ments of normal and OK subjects ob-
tained with the Sonogage US pachom-
eter and the Tomey CASIA OCT. The 
blue line represents the 1:1 relation-
ship and the black line represents the 
correlation line.

 ■ Although US pachometry has been used clinically for many years, newer technologies 
are now available for corneal thickness measurement, including scanning-slit 
topography (e.g. Orbscan), rotating Scheimpflug imaging (e.g. Pentacam), and 
optical coherence tomography (e.g. Visante, RTVue).  Other researchers have 
demonstrated acceptable agreement between US and newer techniques.1,2,4-7  

 ■ In our study, the Sonogage US pachometer overestimated total corneal thickness 
compared to OCT, as reported previously in the literature,1,2,5,7 but the two instruments 
showed acceptable correlation. 

 ■ The Sonogage US pachometer has been claimed to measure corneal epithelial 
thickness in vivo.3,8,9 Previous research has demonstrated good repeatability for 
epithelial measurements in normal human eyes3 and reasonable accuracy in vitro 
measuring thin polymacon disks.8

 ■ In our study, the Sonogage US pachometer obtained almost identical measurements 
over a wide range of epithelial thicknesses as measured by OCT. This suggests 
that, despite the manufacturer’s claims, this instrument is not capable of measuring 
epithelial thickness in vivo.

 ■ The difference between epithelial thickness in non-contact lens wearers and OK 
lens wearers, as measured by OCT, is consistent with the conventional view of the 
mechanism of OK in altering anterior corneal shape by central epithelial thinning.

 CONCLUSIONS 

 ■ The Sonogage US pachometer  tends to give thicker 
measurements for total corneal thickness than high resolution 
OCT. 

 ■ The Sonogage US pachometer seems not to be capable of 
epithelial thickness measurement in vivo. 
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Measurement (µm)
Sonogage US pachometer

mean ± SD (range)
CASIA OCT

mean ± SD(range)

Total corneal thickness
554.7 ± 22.8

(519.0 to 599.2)
503.2 ± 28.7

(459.0 to 560.7)

Epithelial thickness
47.2 ± 0.8

(46.4 to 50.0)
40.4 ± 6.3

(28.0 to 53.7)
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